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The New Zealand Manufacturing and Design (MaD) Conference
Committee and the MaD Driver Team are delighted to welcome
you to our second national conference – MaD2018: A Collaborative
Future for NZ Manufacturing and Design.
This event follows on from the successful and well-received inaugural MaD2017 conference. MaD 2018 has a
focus on growing valuable collaborations between researchers and industry to enable us all to work together
towards an expanding and more prosperous future for the New Zealand manufacturing and design sectors.
The MaD Network is a cross-disciplinary community of New Zealand researchers in manufacturing, design
and innovation that works in close collaboration with industry to envision and shape New Zealand’s future
manufacturing economy. The MaD mission is to develop expertise and capability in translational research, to
grow New Zealand’s high-tech manufacturing economy. The MaD vision is for New Zealand to be recognised as a
leading, technology empowered economy driven by innovative, high-margin, design-led, hi-tech manufacturing.
In addition to fostering a collaborative future for the New Zealand manufacturing and design industry an important
aspect of MaD2018 is to identify strategic future research directions that can underpin ongoing product and
process design and development, as well as enable us to work together to grow new knowledge and expertise.
We hope that you will enjoy the conference and find both the content and networking valuable. We are very
pleased with the support, interest and attendance of both the research and industry sectors from across the
national MaD Network.
Some 66 oral presentations, essentially evenly split between industry organisations and researchers all showcasing
exciting research projects across a wide range of areas, will be presented. We are pleased to be able to bring you
five high-calibre keynote speakers who are leaders in their fields and have excellent insight into manufacturing and
design, both locally and internationally. We invite you to engage and contribute during our six Panel Discussion
sessions, all led by experts in the respective areas, which will cover a selection of relevant and important topics.
Please take the opportunity to review and discuss the research work being showcased in each of the 28 poster
presentations, spend time absorbing and interacting with the exhibition booth content, and network during the
refreshment breaks.
On behalf of the MaD Conference Committee and the MaD Driver Team, we wish to thank our partners,
sponsors and supporters for acknowledging the significance of this event in our national manufacturing
and design landscape. Most importantly, thank you to all delegates for joining us.

Yours sincerely,
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Venue WiFi
Network: Auckland Conventions
Username: Auckland Conventions
Password: Aotea111
* Please be aware that connecting to the the venue WiFi is a two-step process.
You must complete both steps to connect.

MaD2018 is a featured event at Techweek‘18, when New Zealand’s brightest
minds come together for nine days to find local answers to global questions.
19-27 May Techweek.co.nz

Dr Mark Battley MaD2018 Co-Chair, The University of Auckland
Professor Jim Johnston MaD2018 Co-Chair, Victoria University of Wellington
Professor Simon Bickerton MaD Network Leader, The University of Auckland

Techweek is an annual week of curated events that exists to amplify NZ innovation that is good for the
world. It’s run by the tech ecosystem under the guardianship of not-for-profit NZTech, and is produced
in association with MBIE, NZTE, ATEED, and MoE, and supported by New Zealand Tourism, Callaghan
Innovation, WREDA, CDC, Hamilton City Council, Rotorua Lakes Council and Tauranga City Council.
BNZ and SkyCity are Founding Patrons of Techweek.
4 MaD2018

MaD2018 5

NZ’s Manufacturing and Design (MaD) Network
Our MISSION is….
To develop expertise and capability in translational research,
to grow New Zealand’s high-tech manufacturing economy.

Our VISION is…

MaD DRIVER TEAM (STEERING COMMITTEE)
• Simon Bickerton, The University of Auckland (Chair)
• Claire Reyneke, The University of Auckland
(Operations)
• Mark Taylor, The University of Auckland
• Kenneth Husted, The University of Auckland
• Enrico Haemmerle, AUT
• Mark Dyer, University of Waikato
• Johan Potgieter, Massey University
• Don Cleland, NSC10 & Massey University
• Simon Fraser, Victoria University of Wellington
• Don Clucas, University of Canterbury
• Shayne Gooch, University of Canterbury
• Robert Blache, Callaghan Innovation
MaD CONFERENCE COMMITTEE
• Mark Battley, The University of Auckland (Co-Chair)
• Jim Johnston, Victoria University of Wellington
(Co-Chair)
• Claire Reyneke, The University of Auckland
(Operations)
• Xun Xu, The University of Auckland
• Stephanie Szmurlo, The University of Auckland
(Event Manager)
• Marcel Schaefer, AUT
• Mike Duke, University of Waikato
• Khalid Arif, Massey University
• Don Clucas, University of Canterbury
• Nathan Stantiall, Callaghan Innovation

6 MaD2018

| BS12-02E |

For New Zealand to be recognised as a leading, technology empowered economy
driven by innovative, high-margin, design-led, hi-tech manufacturing.

Four components,
one system:
New Automation
Technology.
Motion

IPC

I/O

Automation

www.beckhoff.co.nz
Setting standards worldwide: PC- and EtherCAT-based
control solutions from Beckhoff. As renowned specialists
for open automation systems, Beckhoff offers components
for IPC, I/O, motion and automation applications that can
operate individually or integrated as a precisely adapted
control system. New Automation Technology from Beckhoff
represents versatile automation solutions that are used in
a wide range of applications worldwide. The growing
presence of Beckhoff in more than 75 countries ensures
consistent support around the globe.
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MANUFACTURING AND DESIGN —
FUTURE LOOKING
Session Co-chairs:
Mike Duke (University of Waikato),
Craig Shannon (Globex Engineering)
Two bangs for your buck –
developments in New Zealand’s
agricultural robotics industry
Mike Duke, University of Waikato
Three product technologies that are
becoming more available
Craig Shannon, Globex Engineering
Materiality, 4D design
and metamaterials
Monique Bateman,
Victoria University of Wellington
The future composite
manufacturing factory
Tim Smyth, Core Builders Composites

Structuring industrial research
for success – a case study of the
dishdrawer© wash pump evolution
Wayne Mason, Fisher & Paykel Appliances
Your refrigerators
sustainability dilemma
Sara Macready, Fisher & Paykel Appliances
Doing well by doing good:
Sustainable manufacturing strategies
and opportunities through lean and
green thinking
Savindi Caldera,
Queensland University of Technology
Facilitating material reuse
in the building industry through
computer-aided fabrication
Gerard Finch,
Victoria University of Wellington

ADDITIVE MANUFACTURING
AND DESIGN (1)
Session Co-chairs:
Don Clucas (University of Canterbury),
Florian Graichen (Scion)
Systems of making: innovative design
applications of 3D printing technologies
Simon Fraser,
Victoria University of Wellington
Design for additive manufacture
of functioning engines
Don Clucas, University of Canterbury
Additive manufacturing
for the aircraft industry
Sarat Singamneni,
Auckland University of Technology
A brief overview of the
EBM additive process
Jonathan Paul, Zenith Tecnica

Inkjet printing of digitally controlled
self folding structures
Jonathan Stringer,
The University of Auckland
Rough stuff – EBM's achilles heel?
Chris Taylor, Zenith Tecnica

2:00pm

The Flying Lounge
Michael Pervan, AIM Altitude

Cognitive loads in VR
and VR visualisations
Brandon Wang
Victoria University of Wellington

Creative sustainability:
a design-oriented approach
Sophia Cameron,
Victoria University of Wellington
Design for EBM production
Suvig Chand, Zenith Tecnica

Doing the laundry with
brains, not brawn
Jennifer Trittschuh,
Fisher & Paykel Appliances

Virtual engineering —
myths and legends
Mark Battley, The University of Auckland
Design to do more. The Taska
Prosthetics development journey
Carl Menary, 4ormfunction

Engineering an artwork
Shayne Gooch, University of Canterbury

DESIGN AND MANUFACTURING
Session Co-chairs:
Shayne Gooch (University of Canterbury),
Suvig Chand (Zenith Tecnica)

COLLABORATION IN R&D
Session Co-chairs:
Don Cleland (Massey University),
Maziar Ramezani (AUT)
A Successful Model for University
Industry Cooperation with Case Studies
John Pearse, University of Canterbury

SPECIALISED MANUFACTURING
Session Co-chairs:
Marcel Schaefer (AUT),
Alisyn Nedoma (The University of Auckland)
The future of manufacturing –
based on surface coating techniques
Marcel Schaefer,
Auckland University of Technology

ADDITIVE MANUFACTURING
AND DESIGN (2)
Session Co-chairs:
Tim Miller (Victoria University of Wellington),
Khalid Arif (Massey University)
Freeform 3D printing: Towards
the spatial production of digitally
crafted products
Tim Miller, Victoria University of Wellington

RANGITOTO 3

RAKINO

RANGITOTO 1

CONCURRENT CONFERENCE SESSION 2

Peter Beck (CEO, Chief Engineer and Founder, Rocket Lab Ltd)
OPENING SPACE FOR BUSINESS THROUGH INNOVATIVE DESIGN AND ADVANCED MANUFACTURING
Session Chair: Dr Mark Battley (MaD2018 Co-chair; The University of Auckland)

12:30pm LUNCH BREAK: KAWAU 1 / POSTER AND EXHIBITION VIEWING
1:30pm KEYNOTE SPEAKER: RANGITOTO 1

Solidification during
selective laser melting
Zhan Chen,
Auckland University of Technology

Additive manufacturing in a
bioeconomy — 3D printing of biobased
polymers and composites
Florian Graichen, Scion

RAKINO

RANGITOTO 1

RANGITOTO 3

Professor Alexander Slocum (Professor of Mechanical Engineering, Massachusetts Institute of Technology, USA)
RAPID DETERMINISTIC DEVELOPMENT OF MEDICAL DEVICES
Session Chair: Prof Jim Johnston (MaD2018 Co-chair, Vicotoria University of Wellington)

KEYNOTE SPEAKER: RANGITOTO 1

Prof Nic Smith (Dean of Engineering, The University of Auckland), Vic Crone (CEO, Callaghan Innovation),
Steve Saunders (Owner/Founder, Plus Group), Prof Simon Bickerton (MaD Network Leader, The University of Auckland)
Session Chair: Dr Mark Battley (MaD2018 Co-chair, The University of Auckland)

CONFERENCE OPENING: RANGITOTO 1

REGISTRATION OPENS: LEVEL 3, KAWAU 1

10:00am MORNING TEA BREAK: KAWAU 1, SPONSORED BY UNIVERSITY OF CANTERBURY
10:30am CONCURRENT CONFERENCE SESSION 1

9:30am

8:00am
8:45am

Monday 21 May 2018

Programme
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Manufacture of superconducting
devices and machines
Chris Bumby, Victoria University of Wellington
Manufacturing high-quality,
low toxicity quantum dots
Thomas Nann, Victoria University of
Wellington

CHALLENGES AND OPPORTUNITIES FOR DIGITAL
MANUFACTURING PROCESSES IN NZ
Lead Panellist: Bruce McLean (Zenith Tecnica)
Panellists: Olaf Diegel (MaD2018 Keynote Speaker; Professor of
Product Development, Lund University, Sweden), Sean Gray (CEO,
NZALS – NZ Artificial Limb Service), Tim Miller (Senior Lecturer
– School of Design, Victoria University of Wellington), Tim Smyth
(Manager, Core Builders Composites)

NAVIGATING NZ'S RESEARCH FUNDING SYSTEM
Lead Panellist: Catherine Beard (BusinessNZ)
Panellists: Mark Battley (MaD2018 Co-chair; IMM Programme,
The University of Auckland), Prue Williams (GM, Science System
Investments & Performance, MBIE), Sally Davenport (Director,
NSC10: Science for Technological Innovation), Vic Crone (CEO,
Callaghan Innovation)

Professor Olaf Diegel (Professor of Product Development, Department of Design Sciences,
Faculty of Engineering, Lund University, Sweden)
ADDITIVE MANUFACTURING: A BRIDGE TO UNTAPPED INNOVATION
Session Chair: Prof Jim Johnston (MaD2018 Co-chair; Victoria University of Wellington)

KEYNOTE SPEAKER: RANGITOTO 1

Doctor Troy Coyle (CEO, Heavy Engineering Research Association)
MANUFACTURING R&D IN NZ: A SOB STORY, A JOB STORY OR A FOB STORY?
Session Chair: Prof Jim Johnston (MaD2018 Co-chair; Victoria University of Wellington)

KEYNOTE SPEAKER: RANGITOTO 1

Prof Jim Johnston (MaD2018 Co-chair, Victoria University of Wellington)

INTRODUCTION OF DAY: RANGITOTO 1

REGISTRATION OPENS: LEVEL 3, KAWAU 1

RAKINO
INNOVATION AND COMMERCIALISATION
Session Co-chairs:
John Kennedy (GNS Science),
Kenneth Husted (The University of Auckland)
New antimicrobial and
antifouling coatings for industrial
and consumer applications
Jim Johnston,
Victoria University of Wellington
New surface processing technology
for New Zealand manufacturing
JérÔme Leveneur, GNS Science

RANGITOTO 1
INDUSTRY 4.0
Session Co-chairs:
Robert Blache (Callaghan Innovation),
Xun Xu (The University of Auckland)
Internet of Things: Trend,
technologies, and evolution
Yu-An Chen, National Instruments

Building an industry 4.0 network
guide for New Zealand
Robert Blache, Callaghan Innovation

Computational alignments: new
territories in indigenous Parametric
Design and Fabrication
Derek Kawiti,
Victoria University of Wellington

How did we create the next generation
of gas leak sensors – using lasers!
Ojas Mahapatra, Photonic Innovations Ltd

DESIGN FOR APPLICATIONS
Session Co-chairs: Derek Kawiti
(Victoria University of Wellington),
Digby Symons (University of Canterbury)

RANGITOTO 3

CONFERENCE DINNER: LEVEL 2, SPONSORED BY FISHER & PAYKEL APPLIANCES, Formal address by Hon. Minister Megan Woods

PRE-FUNCTION DRINKS: LEVEL 3, KAWAU 1

COLLABORATIVE MATCH-MAKING: RAKINO / PLEASE SEE HANDBOOK (PAGE 19) FOR DETAILS OF THIS SESSION

RAKINO (LEVEL 2)

RANGITOTO 1 (LEVEL 2)

CONCURRENT PANEL DISCUSSION SESSION 1

10:00am MORNING TEA BREAK: KAWAU 1, SPONSORED BY UNIVERSITY OF CANTERBURY
10:30am CONCURRENT CONFERENCE SESSION 3

9:30am

9:00am

8:15am
8:45am

Integration – it is not
just about connection
Penny Anderson, FeatureIT Limited
Tribology research at Auckland
University of Technology
Maziar Ramezani, Auckland University of
Technology

Better by analysis - modernising
simulation methods
Leon Daly, Motovated Design & Analysis Ltd

RANGITOTO 3

AFTERNOON TEA: KAWAU 1, SPONSORED BY UNIVERSITY OF WAIKATO / POSTER AND EXHIBITION VIEWING

Additive manufacture as an accessible
and novel method for valuable
innovation in healthcare
Ella Murphy, Victoria University of Wellington
Metal additive manufacture
of a heat exchanger
Neil Glasson, Callaghan Innovation
Metal 3D printing - beyond the hype
Warwick Downing, RAM3D

Extending wear life by laser cladding
Christiane Schulz,
University of South Australia

Manufacturing flexible circuits
with conductive plastic
Alisyn Nedoma, The University of Auckland
Advancements in nanofibre technology
Iain Hosie, Revolution Fibres

Metrology in additive manufacturing
Peter Sefont, Zenith Tecnica

Competitive science funding
that encourages failure!
Don Cleland, Massey University
A collaborative approach to the
development of an ETCO2 signal
generator for the Hartwell simulator
immersive clinical trainer
Greg Morehouse,
Motovated Design & Analysis Ltd
When we work together,
we can achieve great things
Simon Hall, Caliber Design

RAKINO

RANGITOTO 1

Tuesday 22 May 2018

5:00pm
6:00pm
7:00pm

3:00pm
4:00pm

2:00pm

Programme continued
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12 MaD2018
How provenance can support
NZ manufacturing
Russell Haines, Memory

Appliance controls and
perception of quality
Simon Brown, Fisher & Paykel Appliances

4:30pm

3:00pm
3:30pm

2:00pm

Software for selection of geared
motors & motion controllers
Luke Gilpin, SEW EURODRIVE NZ

INNOVATION IN MANUFACTURING AND DESIGN
Lead Panellist: Simon Fraser (Professor of Industrial Design,
Victoria University of Wellington)
Panellists: Andrew Sharp (CEO, Bobux International Ltd), Greg
Olsen (R&D Manager, Fisher & Paykel Healthcare), Mark Dyer
(Professor and Dean of Engineering, University of Waikato),
Sarah Jennings (COO, StretchSense)

RESEARCH STRATEGY FOR A MaD CoRE
Lead Panellist: Cather Simpson (The University of Auckland,
PI: McDiarmid Institute and Dodd-Walls Centre)
Panellists: Alex Slocum (MaD2018 Keynote Speaker; Prof of
Mechanical Engineering – MIT, USA), Don Cleland (Professor of
Process Engineering – Massey University; NSC10 – SfTI Theme
Leader), Jim Johnston (MaD2018 Co-chair; Prof of Chemistry, VUW;
Emeritus Investigator – MacDiarmid Institute), Simon Bickerton
(MaD NZ Leader; Professor of Mechanical Engineering –
The University of Auckland)

INDUSTRY 4.0
Lead Panellist: Nathan Stantiall
(Business Innovation Advisor, Callaghan Innovation)
Panellists: David Chuter (CEO & MD, IMCRC – Innovative
Manufacturing Cooperative Research Centre, Australia), Dieter
Adam (CEO, The Manufacturer’s Network), John West (Industry 4.0
Technology Manager, Fisher & Paykel Appliances), Xun Xu (Professor
in Manufacturing, The University of Auckland)

COLLABORATION IN A MaD WORLD
Lead Panellist: Steve Wilson
(Executive Director, Talbot Technologies)
Panellists: Allen Guinibert (R&D Collaboration Manager, Fisher &
Paykel Appliances), Graeme Finch (BDM, CACM, The University of
Auckland), Hēmi Rolleston (GM Sectors, Callaghan Innovation), Mike
Pervan (MD, AIM Altitude)

POST CLOSING — NETWORKING COCKTAILS: BEAST AND BUTTERFLY, M SOCIAL HOTEL, SPONSORED BY THE MaD NETWORK

(Awards sponsored by UniServices and presented by Dr Andy Shenk, CEO, UniServices)

AWARDS AND CONFERENCE CLOSING: RANGITOTO 1

RAKINO (LEVEL 3)

RANGITOTO 1 (LEVEL 2)

CONCURRENT PANEL DISCUSSION SESSION 3

AFTERNOON TEA: KAWAU 1, SPONSORED BY BECKHOFF AUTOMATION LTD / POSTER AND EXHIBITION VIEWING

RAKINO (LEVEL 3)

RANGITOTO 1 (LEVEL 2)

CONCURRENT PANEL DISCUSSION SESSION 2

Brendan Lindsay (Lindsay Investments; previously Managing Director and Founder - Sistema Plastics)
THE SISTEMA STORY – THE SUCCESSFUL MANUFACTURE OF PLASTIC CONTAINERS IN NEW ZEALAND FOR INTERNATIONAL MARKETS
Session Chair: Nathan Stantiall (Callaghan Innovation)

12:30pm LUNCH BREAK: KAWAU 1 / POSTER AND EXHIBITION VIEWING
1:30pm KEYNOTE SPEAKER: RANGITOTO 1

Achieving product-market fit
is the key to success
Oliver McDermott, Blender

OOTB industry 4.0 apps for SMES
with optional AR interaction
Allan Thompson, LEAP Australia

The mechanical properties of
auxetic plate metamaterials
Mark Tunnicliffe, Massey University

Heat pump condensing dryer efficiency
Gordon Otte, Fisher & Paykel Appliances

The particulate injection moulding
fabrication process. Are micro-scale
products viable?
Paul Ewart, Waikato Institute of Technology

PIMs, AIMs and the path to
the elusive 'digital twin'
Bernard Fulton, Fonterra

Computational design optimization
of a dry powder inhaler
Digby Symons, University of Canterbury
Designing medical devices:
a translational collaboration
Lorenzo Garcia,
Auckland University of Technology

Conceptualising the
problem-rich environment
Kenneth Husted, The University of Auckland

PC-based automation provides a
solid technological foundation for
industry 4.0 architectures
Neil Pearce, Beckhoff Automation Ltd

Remote monitoring of handwashing
practice in hospitals
Maneesh Deva,
Waitemata District Health Boardn

RANGITOTO 3

Drag and drop robots! Increasing robotic Tailored laser beam for fast, efficient
freedom in uncontrolled environments
and commercially viable ultra-fast laser
Dermott McMeel, The University of Auckland materials processing
Claude Aguergaray,
The University of Auckland

Virtual Gemba Walks
Mark Devantier, Fonterra

RAKINO

Driving industry 4ward
Sean Carter, SICK NZ Ltd

10:30am RANGITOTO 1

Programme continued
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Panel Discussions
Panel Discussion Programme

Panel Discussion Topics
PANEL 1:

Mon 21 May
4.00 –
5.00pm

1. N
 AVIGATING NZ’S RESEARCH
FUNDING SYSTEM

2. C
 HALLENGES AND OPPORTUNITIES
FOR DIGITAL DESIGN AND
MANUFACTURING PROCESSES IN NZ

Tue 22 May

Navigating NZ’s Research Funding System
Monday 21 May, 4:00 – 5:00pm
Venue: Rangitoto 1 (Level 2)
LEAD PANELLIST:

2.00 –
3.00pm

3. RESEARCH STRATEGY FOR A MaD CoRE 4. I NNOVATION IN MANUFACTURING
AND DESIGN

3.30 –
4.30pm

5. COLLABORATION IN A MaD WORLD

6. INDUSTRY 4.0

OVERALL AIM OF THE PANEL DISCUSSIONS:
To identify opportunities, challenges and strategies related to each topic so as to enable New Zealand’s
manufacturing and design economy to retain and expand its global competitiveness.
THE PROCEEDINGS:
• The Lead Panellist is the Chair of the session.
• The Lead Panellist introduces the topic and Panel members.
• Panellists introduce their insight into the topic followed by open discussion.
• Delegates will be invited to contribute to the discussions from the floor.
• All Panel Discussions will be recorded.
RECAP OF THE SESSION AT THE CLOSING CEREMONY:
The outcomes and findings of the Panel Discussions will be summarised by the Lead Panellists or their nominees,
for presenting succinctly in the Closing Ceremony and in more detail for the post-MaD2018 Conference Report.

Catherine Beard
Executive Director, BusinessNZ
PANELLISTS:
• Mark Battley (MaD2018 Co-chair; IMM Programme, The University of Auckland)
• Prue Williams (GM, Science System Investments & Performance, MBIE)
• Sally Davenport (Director, NSC10: Science for Technological Innovation)
• Vic Crone (CEO, Callaghan Innovation)
Navigating the NZ Research funding system can be complex due to the different funding organisations and systems
across the research and industry sectors. The Panellists will each provide an overview of the funding systems that
are relevant to their sectors, then open up discussions and debate about how the research funding environment
can be used to provide the most benefit for NZ, as well as identifying opportunities for improvements.

PANEL 2:

Challenges and Opportunities for Digital
Design and Manufacturing Processes in NZ
Monday 21 May, 4:00 – 5:00pm
Venue: Rakino (Level 3)
LEAD PANELLIST:

Bruce McLean
BDM & Partner, Zenith Tecnica
PANELLISTS:
• Olaf Diegel (MaD2018 Keynote Speaker; Professor of Product Development,
Department of Design Sciences, Lund University, Sweden)
• Sean Gray (CEO, NZALS – NZ Artificial Limb Service)
• Tim Miller (Senior Lecturer – School of Design, Victoria University of Wellington)
• Tim Smyth (Manager, Core Builders Composites)
Digital Manufacturing in the wider sense means an integrated approach to manufacturing, centred around a
computer system. This includes digital design, computer simulation, rapid prototyping and manufacturing
processes (such as 3D printing) all linked together through a digital thread. Digital Manufacturing promises
drastically shortened product development cycles which also lead to better products. However, many NZ
companies still rely on paper based drawings and stand-alone processes, with manufacturing often being done offshore. This Panel will discuss challenges and opportunities for NZ companies to make manufacturing more digital.
14 MaD2018
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Panel Discussions continued
PANEL 3:

PANEL 5:

Research Strategy for a MaD CoRE
Tuesday 22 May, 2:00 – 3:00pm
Venue: Rangitoto 1 (Level 2)

Collaboration in a MaD World
Tuesday 22 May, 3.30 – 4.30pm
Venue: Rangitoto 1 (Level 2)

LEAD PANELLIST:

LEAD PANELLIST:

Cather Simpson
Professor of Physics & Chemical Sciences – The University of Auckland;
Principal Investigator: MacDiarmid Institute and Dodd-Walls Centre

Steve Wilson
Executive Director, Talbot Technologies

PANELLISTS:
• Alex Slocum (MaD2018 Keynote Speaker; Professor of Mechanical
Engineering – Massachusetts Institute of Technology)
• Don Cleland (MaD Driver; Professor of Process Engineering – Massey University;
NSC10 – SfTI Theme Leader: Materials, Manufacturing and Design)
• Jim Johnston (MaD2018 Co-chair; Professor of Chemistry,
Victoria University of Wellington; Emeritus Investigator – MacDiarmid Institute)
• Simon Bickerton (MaD NZ Leader; Professor of Mechanical Engineering – The University of Auckland)
A key focus of the MaD Network is the development of an application for a Manufacturing and Design Centre of
Research Excellence (MaD CoRE), to be submitted in the next TEC (Tertiary Education Commission) CoRE funding
round. Current developments towards the MaD CoRE research strategy will be presented for discussion and
debate, following comments from Panellists offering their relevant national and international perspectives.

PANEL 4:

Innovation in Manufacturing and Design
Tuesday 22 May, 2:00 – 3:00pm
Venue: Rakino
LEAD PANELLIST:

Simon Fraser
Professor of Industrial Design, Victoria University of Wellington
PANELLISTS:
• Andrew Sharp (CEO, Bobux International Ltd)
• Greg Olsen (R&D Manager, Fisher & Paykel Healthcare)
• Mark Dyer (Professor and Dean of Engineering, University of Waikato)
• Sarah Jennings (COO, StretchSense)
In growing a unique and internationally competitive culture of innovation in New Zealand, this Panel will seek to
identify the special opportunities and challenges we face in playing to our strengths. The discussion will focus
on the role the MaD research capability and network can play in fostering innovation and value creation – in
collaboration with industry and new forms of business in the manufacturing sector.

16 MaD2018

PANELLISTS:
• Allen Guinibert (R&D Collaboration Manager, Fisher & Paykel Appliances)
• Graeme Finch (BDM, CACM, The University of Auckland)
• Hēmi Rolleston (GM Sectors, Callaghan Innovation)
• Mike Pervan (MD, AIM Altitude)
The best opportunities for new discoveries and innovation often come from collaboration. This may be between
researchers, across different parts of a company, or between companies and researchers. Achieving effective
collaboration is not easy, and there can be a variety of reasons why it doesn’t work as well as we’d like. This
Panel will present a few examples of collaboration that have gone well (or not), followed by an open discussion of
opportunities and approaches to encourage effective and valuable collaboration for manufacturing and design.

PANEL 6:

Industry 4.0
Tuesday 22 May, 3.30 – 4.30pm
Venue: Rakino (Level 3)
LEAD PANELLIST:

Nathan Stantiall
Business Innovation Advisor, Callaghan Innovation
PANELLISTS:
• David Chuter (CEO & MD, IMCRC – Innovative Manufacturing Cooperative Research Centre, Australia)
• Dieter Adam (CEO, The Manufacturers’ Network)
• John West (Industry 4.0 Technology Manager, Fisher & Paykel Appliances)
• Xun Xu (Professor in Manufacturing, The University of Auckland)
While most manufacturers are aware of Industry 4.0 and the Industrial Internet of Things, only 1 in 7 are confident
they are ready to harness it. Challenges exist in the ‘Why’, ‘How’ and ‘When’ to engage. What is the business case,
where do you access the technology and where do you find talent to build and operate it? This Panel will discuss
and debate these challenges from both a business and an applied research perspective and we will also hear what
Australia is doing to address it.

MaD2018 17

Data

Internet of
Things

Collaborative Match-making
Session time: 5-6pm, Monday 21 May
Venue: Level 3 (Rakino Room, Board Room, Kawau Room)

3D printing
Robotics &
Automation

The purpose of this session is to facilitate collaboration between research organisations and industry. The aim is
for these interactions to provide access to specialised capabilities and expertise and hence to opportunities for
ongoing collaborations so that new capabilities for future growth are generated.
Researchers and industry representatives will have an opportunity to pitch and connect in targeted time slots.
This will be a collaborative environment and will be spilt into themed groups which emerged during the registration
process, including:
•
•
•
•

Additive Manufacturing
Advanced Materials
Augmented and Virtual Reality
Collaboration and Commercialisation

• Design and Performance Simulation
• Industry 4.0
• Robotics and Automation

So come along and make the most of this opportunity to collaborate and
extend your collaborations within the MaD Network.

MaD2018 Prizes and Awards

Connections &
collaborations

Artificial
Intelligence

The MaD2018 Conference Committee is pleased to be offering the following awards which will be presented
during the closing proceedings on Tuesday 22 May, 4.30 – 5pm:
AWARD/PRIZE
PEOPLE’S CHOICE AWARD:
Best Oral Presentation

Advanced
materials

Driving
Innovation
0800 422 522
Auckland | Wellington | Christchurch
CallaghanInnovation.govt.nz
18 MaD2018

Lean

SPONSOR

500.00

ORAL PRESENTATION: First Prize

500.00

ORAL PRESENTATION: Second Prize

300.00

ORAL PRESENTATION: Third Prize
POSTER PRESENTATION: First Prize

Innovation
I.P

VALUE ($)

Product Development and Management
Association of New Zealand (PDMA-NZ)

UniServices

200.00
500.00

POSTER PRESENTATION: Second Prize

300.00

POSTER PRESENTATION: Third Prize

200.00

Delegate Feedback (Lucky Draw Prize)
LUCKY DRAW PRIZE: Delegate Feedback

Fisher & Paykel Appliances

500.00

Your post-event feedback is important to us. Online feedback forms will be sent to all registered delegates
immediately following MaD2018. To be eligible to win the Lucky Draw Prize of $500 towards a Fisher & Paykel
appliance, you should include your contact details and your feedback must be:
• Submitted by the stated deadline
• Complete and of an acceptable quality
MaD2018 19

Key Presenters
VIC CRONE

STEVEN SAUNDERS

OPENING CEREMONY SPEAKER

OPENING CEREMONY SPEAKER

CEO, Callaghan Innovation
BIO
Vic came on board as Chief Executive with Callaghan Innovation in
March 2017. She has significant executive and governance experience in
technology and innovation. She brings a strong customer focus, and a track
record of leading and implementing strategy, and building organisational
culture. Vic was previously the Managing Director of Xero, NZ and New
Markets, following executive roles at Chorus and Telecom New Zealand. She
has been an Independent Director on the Boards of a number of companies
and organisations in the technology sector, including RedShield, Figure.NZ,
Creative HQ and the Hi-Tech Trust.

HON. DR MEGAN WOODS

Minister of Research, Science and Innovation
GALA DINNER SPEAKER
BIO
Hon Megan Woods is a Christchurch local, and has been the Member of
Parliament for Wigram since 2011. Following the 2017 election, Megan was
sworn in as a Minister of the Crown with portfolio responsibilities including
the Greater Christchurch Regeneration, Energy and Resources, Research,
Science and Innovation, and responsibility for the Earthquake Commission.

Founder, Owner and MD — Plus Group
BIO
Steven (Ngāti Ranginui) has 34 years’ experience in the Horticultural and
food sector and is the founder, owner and Managing Director of the Plus
Group of companies, specialising in horticulture management consultancy,
orchard ownership, global pollen production, robotic development
(Robotics Plus ltd), international ventures, applied technology,
environmental research, innovation and science. He is the co-founder
of Newnham Park Innovation Centre in Tauranga (NZ), which hosts eight
local export award winning independent companies predominately in the
food sector, a major stakeholder in the Kiwifruit Industry, an active Angel
investor, a Director of many privately-owned companies and tech startups,
an elected member of the executive board for Priority One (driving
economic growth in the Bay of Plenty, NZ), independent director Lincoln
Hub, Agrigate, Māori Economic Development Advisory Board and founding
shareholder and Director of Rockit Global Limited.
Steven is an active member of the Te Hono Stanford Business School
Alumni, Nuku Ki Te Puku (Māori food and beverage cluster) and Te Tiro Toi
Whakangao (Māori tech cluster). He is also a founder, shareholder and
Director of “WNT Ventures” tech incubator and a founding member of
PlantTech, Tauranga (NZ) recently awarded Regional Research Institute,
a Private sector – Government initiative.
Steven was awarded the Tauranga Chamber of Commerce, Westpac
“Business Leadership Award in 2014” and the Tauranga Boys College 2016
old boy award.
During the MaD2018 Opening Ceremony, Steve will discuss aspects of the
Māori Economy which are relevant to innovation in the manufacturing and
design sector.

In her role as a local MP, Megan has worked alongside Cantabrians on
important issues, in particular as many move on from the devastating
earthquakes that struck the city in 2010 and 2011. With her ministerial
focus on Christchurch, she wants closure for all Cantabrians.
In Opposition, Megan held various portfolios - including Climate Change
and Canterbury Issues - helping her to gain an understanding of a
wide range of issues and build important relationships, especially in
Christchurch. Prior to becoming a Member of Parliament, Megan worked
as a Business Manager at Plant & Food Research. She holds a PhD in New
Zealand History from the University of Canterbury.
In between a busy schedule, Megan enjoys watching cricket, rugby and
spending her free time with friends and family.
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Key Presenters continued
KEYNOTE SPEAKER: 9.30 – 10.00AM, MONDAY 21 MAY

PROFESSOR ALEXANDER SLOCUM

Notes

Massachusetts Institute of Technology, USA
BIO
Alexander Slocum, Professor of Mechanical Engineering at MIT, has 100+
patents and has helped develop twelve products that have received awards
for “one of the 100 best new technical products of the year”. He pioneered
the deterministic design of kinematic couplings (www.kinematiccouplings.
org) including the standard for all semiconductor wafer transport carriers
(SEMI E57-1296). He has helped start several successful precision
manufacturing equipment companies and has a passion for working with
industry to solve real problems and identify fundamental research topics.
Alex’s current interests focus on the development of precision machines,
from medical devices and instruments to energy harvesting and storage
machines. He served on the DoE Science Team working on the Gulf Oil
Spill, and has served in the Office of Science and Technology Policy in the
Executive Office of the President as the Assistant Director for Advanced
Manufacturing. Since high school days, Alex has had a passion for furniture
making and carpentry. He loves sports, from SCUBA to snowboarding to
marathons and iron-man, distance triathlons.

Rapid Deterministic Development of Medical Devices
ALEXANDER H. SLOCUM
Walter M. May and A. Hazel May Professor of Mechanical Engineering
Massachusetts Institute of Technology
slocum@mit.edu / pergatory.mit.edu
Healthcare consumes a great and growing percentage of the world’s GDP, which presents a problem and thus
opportunity. Innovation in patient care requires both clinical and technical skills. This talk presents methods and
outcomes from MIT course 2.75 Medical Device Design which since 2005 has used clinical-academic collaboration
to develop and evaluate new medical device technologies, while teaching fundamentals of mechanical and
electrical engineering design. With sponsoring company support, over the course of a single semester, seniors,
graduate students and clinicians conceive, design, build and test proof-of-concept prototypes. Projects initiated
in the course have generated intellectual property and peer-reviewed publications, stimulated further research,
furthered student and clinician careers, and resulted in many publications, technology licenses and start-up
ventures. Examples of current products and start-ups that have resulted from course projects will be presented as
short case studies.
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Key Presenters continued
KEYNOTE SPEAKER: 1.30 – 2.00PM, MONDAY 21 MAY

PETER BECK

Notes

Rocket Lab Ltd (CEO, Chief Engineer and Founder)
BIO
Peter Beck founded Rocket Lab in 2006 following a decade and a half of
propulsion research and market development in the international space
community. Peter has since established Rocket Lab as a premier institute
for innovative space systems. As comfortable on a CNC mill as he is in a
board room, Peter is both the head visionary and technical adviser for the
Electron program.
After founding Rocket Lab, Peter led a team to launch Atea 1, becoming the
first private company in the Southern Hemisphere to reach space. Peter
completed development programs for a number of large institutional space
companies including Lockheed Martin, Boeing and Aerojet Rocketdyne, and
since the establishment of the Electron program in 2013 has successfully
grown the Rocket Lab team from 10 to around 200 world class engineers.
Peter Beck has grown Rocket Lab to become a recognized industry leader
in space, and is responsible for the birth of the space industry in New
Zealand. With successful test launches in May 2017 and Jan 2018, Rocket
Lab has since commenced its commercial flight programme.

Opening space for business through innovative
design and advanced manufacturing
PETER BECK
Rocket Lab Ltd (CEO, Chief Engineer and Founder)

Innovative design and advanced manufacturing have been key to Rocket Lab’s successful development, from
3D printed components for its Rutherford engine through to high performance carbon-fibre composite vehicle
structures. Peter will describe Rocket Lab’s approach to developing and implementing these technologies, and also
his thoughts on the challenges and opportunities of the modern space industry. Future needs for manufacturing
and design related research and education will also be discussed.
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Key Presenters continued
KEYNOTE SPEAKER: 9.00 – 9.30AM, TUESDAY 22 MAY

DOCTOR TROY COYLE

Notes

Heavy Engineering Research Association (CEO)
BIO
Currently the CEO, Troy has been involved with the NZ Heavy Engineering
Research Association (HERA) for the past four and a half years (ish), as
an Executive member and most recently as Deputy Chair. Previously,
she was the Head of Innovation and Product Development for NZ Steel.
Before moving to New Zealand, she was the Manager of Coated Product
Development and Open Innovation Manager for BlueScope Steel.
Troy has also worked extensively in University commercialisation, as
Director of Commercial Research at the University of Wollongong and
Director of Commercial Development for the ARC Centre of Excellence in
electromaterials. She has also held Innovation Policy and Program Delivery
roles with the Commonwealth Government in Australia. Troy has a strong
passion for bringing innovative ideas to market and transforming industry
through innovation and product development.

Manufacturing R&D in NZ: a sob story, a job story or a FOB story?
TROY COYLE
Heavy Engineering Research Association (CEO)

Troy will overview the state-of-play of R&D in New Zealand manufacturing. She will place our manufacturing
R&D in a national and global context. She will discuss the outlook for manufacturing R&D in a regional sense and
benchmark where NZ stands in comparison to its cross-Tasman counterparts. She may even debunk some of the
myths surrounding the trials and tribulations of R&D in NZ manufacturing. She will not focus on the usual list of
manufacturing R&D opportunities, such as 3D Printing and Internet of Things. Instead, she will attempt to identify
some of the unique value and growth opportunities we have for manufacturing R&D in NZ.
She will present some quantitative data, as well as some views based on personal experience. She has worked in
the full gambit of innovation sectors; Government, University, Corporate and Not-for-Profit so expect her to present
a range of perspectives.
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Key Presenters continued
KEYNOTE SPEAKER: 9.30 – 10.00AM, TUESDAY 22 MAY

PROFESSOR OLAF DIEGEL
Lund University, Sweden

BIO
Olaf Diegel is both an educator and a practitioner of product development,
developing innovative solutions to engineering problems. He is widely
published in the areas of additive manufacturing and rapid product
development. In his consulting practice he develops a wide range
of products for companies around the world, with over 100 new
products commercialized and having received numerous product
development awards. Olaf is a passionate follower of 3D printing (additive
manufacturing). He believes it is one of the technologies that has been
a real godsend to innovation as it allows designers and inventors to
instantly test out ideas to see if they work. It also removes the traditional
manufacturing constraints that have become a barrier to creativity,
and allows us to get real products to market without the normally high
costs that can become a barrier to innovation. In 2012, Olaf started
manufacturing a range of 3D printed guitars and basses that has developed
into a successful little side-business (and gives Olaf the therapy he needs
in allowing him to make things that are a blend of high-technology and
traditional hand-crafting).

Additive Manufacturing: a bridge to untapped innovation
OLAF DIEGEL
Professor of Product Development, Department of Design Science, Faculty of Engineering, Lund University, Sweden
olaf.diegel@design.lth.se
Imagine! You come home after a hard day at work and your kitchen 3D printer makes you a cheese burger, mediumrare, just the way you like it. Even the plate and knife and fork are 3D printed out of biodegradable material, so you
don’t even need to wash the dishes! In the not too distant future you will, for example, select a pair of shoes from
an online catalogue and, after customizing it to your exact foot shape, style preferences and size, a 3D printer will
manufacture it for you at a store in your town instead of having to ship the shoes around the world. Your mechanic
will no longer need to carry spare parts, as he/she will simply print out new parts for your car as needed. But what
are the effects of this on our supply chain and our business models?
3D printing, or additive manufacturing, is coming of age. It is now a rapid “manufacturing” technology that will have
a great deal of influence on how we live in the future. It will have a profound impact on almost all manufactured
products, on how we do business, and on how we live longer and healthier lifestyles. 3D printing completely
changes the design rules that designers and engineers have traditionally been ‘constrained’ by. By allowing us to
now think differently about the products we design, it opens up a whole new range of opportunities for creativity
and sustainability. It also allows inventors and entrepreneurs to get their products to market without the large
capital risks of traditional manufacturing that becomes a barrier to innovation.
Innovation is about learning to think differently in order to come up with creative new solutions to problems.
Any new technology, including 3D printing, can become a catalyst that helps us to change the way we think, and
thus become more innovative. 3D printing also becomes a great universal communication language that allows
engineers and artists, for example, to truly collaborate in new ways.
In this talk, Olaf will review the state of the art of 3D printing technologies and discuss how the technology can be
used as an innovation stimulant. He will also examine some of the issues around how we need to start adapting
today in order to be ready for the technology tomorrow.
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Key Presenters continued
KEYNOTE SPEAKER: 1.30 – 2.00PM, TUESDAY 22 MAY

BRENDAN LINDSAY

Notes

Lindsay Investments (previously Managing Director and Founder, Sistema Plastics)
BIO
Brendan Lindsay started in business by making plastic coat hangers in his
garage in Cambridge. He founded Sistema Plastics more than 30 years ago,
leading the successful organisation until recently. He took the simple premise
that customers would want a well-made, beautifully designed, food safe
storage container that would be stackable.
In December 2016 Sistema was sold to Fortune 500 Company Newell Brands
for $660m, with manufacturing to remain in New Zealand for two decades in
the company’s new 52,000 sqm manufacturing facility near Auckland Airport.
Since leaving Sistema, Brendan has made a number of investments, including
a stake in tap and showerware maker, Methven, a sheep milking venture,
a foundry, and he has plans for his own brand of manuka honey. He has
also made smaller investments in listed public companies such as Tourism
Holdings, Genesis, Mercury Energy, PGG Wrightson and Skellerup. Recently
Brendan and his wife, Jo, purchased Cambridge Stud, an iconic horse breeding
property. They are active philanthropists and have recently engaged in talks
with the University of Auckland with the view of setting up a design school.

The Sistema Story – The Successful Manufacture of
Plastic Containers in New Zealand for International Markets
BRENDAN LINDSAY
Lindsay Investments (previously Managing Director and Founder, Sistema Plastics)

Brendan will share a brief history of how his business started in his garage at home in Cambridge before describing the
early development phase of Sistema Plastics. He will summarise the key successes of the business over two decades
of operation, including the significance of shifting manufacturing operations from Penrose to premises near Auckland
Airport, and the associated opportunities provided through technological advances. The success of the products, the
business and how mass production was achieved in NZ, with a product arguably better suited for China, will be alluded
to. Additionally, potential challenges faced in building a similar business in today’s climate will be suggested. Brendan will
also offer suggestions on engagement of young people in the manufacturing sector, how we identify suitably qualified
experts as well as how we might encourage suitably skilled workers to remain in NZ.
Sistema Plastics was sold off-shore in November 2016, with the manufacturing operation to remain in NZ for two decades
post-sale. Brendan will allude to the justification of this to the purchaser.
Brendan Lindsay started in business by making plastic coat hangers in his garage in Cambridge. He founded Sistema
Plastics more than thirty years ago, leading the successful organisation until recently. He took the simple premise that
customers would want a well-made, beautifully designed, food safe storage container that would be stackable.
In December 2016 Sistema was sold to Fortune 500 Company Newell Brands for $660m, with manufacturing to remain
in New Zealand for two decades in the company’s new 52,000 sqm manufacturing facility near Auckland Airport.
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Systems of Making: innovative design applications
of 3D printing technologies
FRASER, SIMON (PRESENTING AUTHOR)
Victoria University of Wellington School of Design
simon.fraser@vuw.ac.nz
Miller, Tim; Ok, Jeongbin; Taito-Matamua, Lionel; Eldridge, Elf; Coop, Max; Allen, Callum; Moore, Ciaran
Victoria University of Wellington
tim.miller@vuw.ac.nz; jeongbin.ok@vuw.ac.nz; l.taito_matamua@hotmail.com; elf.eldridge@ecs.vuw.ac.nz;
Max.Coop@vuw.ac.nz; allencall@myvuw.ac.nz; Ciaran.Moore@vuw.ac.nz
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Gale, Jesse
University of Otago, Wellington
jesse.gale@gmail.com

The combination of cloud technology and 3D printing will increasingly facilitate the development of online highvalue additive manufacturing systems and service provision. Often referred to as distributed manufacturing, it is a
form of scalable production direct to market that is potentially well suited to New Zealand’s size and geographical
location.
This presents new opportunities for industrial design, as a discipline that mediates between new technologies and
end users in innovative and unexpected ways. It provides an opportunity to challenge traditional systems of mass
production with potentially more agile, sustainable and socially empowering forms of production and distribution.
But what form might these new systems of making take and what do they produce? In seeking innovative
applications of 3D printing the MADE research programme at the VUW School of Design www.made.ac.nz
explores these questions from social, cultural and technological perspectives. In doing so we are redefining our
understanding of ‘industry’ and opening up the discipline to a broader range of collaborative partners.
The outcomes of this research are documented in a series of three intentionally diverse case studies, ranging from
3D printing platforms in the New Zealand National Library, to 3D printing and distributed recycling in the Pacific
region, and distributed manufacturing for open source medical devices.

Simon Fraser, Professor of Industrial Design
Simon has over 30 years’ experience in practice based design research in industry and academia, through a variety of roles such
as Assistant Design Director at the Porsche Design Studio, Head of School and Associate Dean of Research & Innovation at the VUW
School of Design and affiliations with the NZ Product Accelerator and the MedTech CoRE.

Flexible. Dynamic. Optimised.
You connect the dots.

Welcome to Industry 4.0 brought to you by SMC.
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ADDITIVE MANUFACTURING AND DESIGN (1)
Concurrent Conference Session 1 | Rangitoto 1

Design for Additive Manufacture of Functioning Engines
CLUCAS, DON (PRESENTING AUTHOR)
University of Canterbury
don.clucas@canterbury.ac.nz

Marsh, Tim
University of Canterbury
tjm189@uclive.ac.nzl

Murray, Robbie
University of Canterbury
rcm83@uclive.ac.nz

Robertson, Bruce
University of Canterbury
bruce.robertson@canterbury.ac.nz

Murton, Benjamin
University of Canterbury
btm41@uclive.ac.nz

At the University of Canterbury exploration of ways to maximise the mechanical engineering benefits of
Additive Manufacture (AM) has led to developing fully functional engines. The complexity of an engine, with
many subsystems, requires challenging Design for Additive Manufacture (DFAM) of a combination of parts
that are not normally found in static devices where AM is most commonly used.
A team of undergraduate students have designed and manufactured an ethanol fuelled four stroke internal
combustion engine made mostly of AM titanium parts. This fuel injected high performance engine will be used
to compete at the Asia Shell Eco Marathon held in Singapore.
Prior to this work DFAM of Stirling engines that don’t
require oil, valves and ignition systems, was a good
starting point for developing engines and many
design iterations have been manufactured and tested.
This work has led to developing engines for STEM
education at intermediate and secondary school level
where students make and test their own engines that
demonstrate many mechanical engineering principles.
This presentation will highlight the DFAM challenges
and solutions for AM of both titanium and polymer
working engines.

ADDITIVE MANUFACTURING AND DESIGN (1)
Concurrent Conference Session 1 | Rangitoto 1
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Additive Manufacturing for the Aircraft Industry
SINGAMNENI, SARAT (PRESENTING AUTHOR)
Auckland University of Technology
Sarat.singamneni@aut.ac.nz

From rapid prototyping to additive manufacturing, the 3D-printing technologies came a long way in a rather
short time. The initial euphoria and the hype are gradually waning out and specific techniques are able to
withstand the tests of time and became established as direct digital manufacturing solutions. Never ending
growth is evident towards new materials and process enhancements, paving ways either directly or indirectly,
to the true just-in-time manufacturing. These developments are currently visualised as possible means of
resolving some of the issues and challenges the aircraft supply-chain and inventory systems constantly face in
terms of providing timely repair and maintenance services.
Some development and implementation is already in progress as the literature provides examples such as
the 3D printing of nozzles for jet engines by GE Aviation. The Airbus interior components, brackets or cable
routing plates are made by a 3D printing process, in order to speed up the production, meet aircraft delivery
schedules, and also achieve design optimisation. Likewise, Boeing has applied 3D thermoplastic printing for
prototypes and components for use in its commercial aircraft. The Cycle Service Level (CSL) of the aircraft
industry is also very high in order to meet with the customer demands. The supply chain costs are significantly
increased due to the long procurement lead times and the high CSL associated with the aircraft industry.
Adopting AM is currently visualised as an alternative means, considering simpler supply chains and shorter
lead times, together with lower inventories.
We are currently working with Air New Zealand, evaluating the potential use of the additive technologies to
resolve some of the supply chain and inventory issues constantly faced by the aircraft and maintenance and
management industries. While progress is made exploring rapid manufacturing of a couple of specific parts,
the attention is also focused on the standards developing in this new field of application and as essential for
the aviation industries. This talk will cover the progress made and the possible future directions to be taken.

Sarat Singamneni is currently an Associate Professor at Auckland University of Technology and leading a team of researchers
working on different aspects of additive manufacturing. The focus of the team is fundamental research in AM leading to
process evaluation, enhancement, and development of materials alternatives evaluating the mechanisms and mechanics of
material consolidation. Associate Professor Singamneni also strives to help end users and the local industry for the uptake
and implementation of the AM technologies through UG/PG projects and the commercial engagement activities of the AUT 3D
Printing Lab.

Don Clucas
As a PhD. student Don developed the prototype for the Stirling Engine based WhisperGen micro combined heat and power system.
For seventeen years he was Technical/Research Director of Whisper Tech Ltd., a company incorporated to commercialise the new
technology. He has authored or co-authored 15 related patents and various international journal and conference publications.
Since 2012 he has been teaching Design and Manufacture at the University of Canterbury, New Zealand. His primary research
interests are innovative engines, additive manufacture (3d Printing), and 3D scanning. He now also manages the Advanced Design
and Manufacture Lab in the Dept. of Mechanical Engineering. Don is a fellow of Engineering New Zealand and a member of the
Society of Manufacturing Engineers.
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A Brief Overview of the EBM Additive Process

Inkjet Printing of Digitally Controlled Self-Folding Structures

PAUL, JONATHAN (PRESENTING AUTHOR)
Zenith Tecnica
jonathan@zenithtecnica.com

STRINGER, JONATHAN (PRESENTING AUTHOR)
The University of Auckland
j.stringer@auckland.ac.nz

Electron beam melting (EBM) is a powder bed fusion additive manufacturing (AM) process that produces
metal parts in a high vacuum, high temperature build environment. EBM machines are far more complex
than the familiar DMLS machines because of the type of beam, build chamber conditions, raking methods
and control software. This means that EBM one of the most challenging powder bed fusion manufacturing
technologies to master.
This talk is a quick dive into the operation of an EBM machine in a production setting and the engineering
behind it. With the intention to fill in the gaps left by online literature on the inner workings of the machines
and how the CAD to METAL ideal is achieved in a practical sense.
Having an in depth understanding of what goes on inside the machine at a component level is crucial in
achieving reliable machine operation and producing high quality parts repeatedly. This is important as
machines become larger, more powerful and wide spread. There is opportunity for future engineers to develop
new software and improve on existing systems to support this rapidly expanding technology as we enter the
Industry 4.0 age.

Jonathan Paul, design engineer at Zenith Tecnica, Auckland
Currently working on improving EBM machine reliability and new applications for EBM AM technology.

Chen, Nuowei
The University of Auckland
nche852@aucklanduni.ac.nz
Liu, Cody Yang
The University of Auckland
cliu234@aucklanduni.ac.nz

The use of inkjet printing as an additive manufacturing technology is of significant interest due to the
comparatively high resolution and the ease with which it is possible to deposit multiple materials. It also
presents additional possibilities in additive manufacturing of multifunctional structures by leveraging relatively
mature research in areas such as printed electronics and bioprinting, for example. The primary challenges of
realising such structures lie in the limited layer height of the printed structure, understanding of the complex
interactions between different materials and in integrating this into a process with high enough throughput to
make such structures economically viable.
The work presented looks at utilising commercially available inkjet printing technology to produce conductive
structures on a thermally sensitive polymer substrate. Upon controlled application of an appropriate electrical
current, these conductive features cause the polymer substrate to locally expand and induce folding along the
conductive traces. Modelling of the behaviour has shown that the extent of folding is predictable, and use of
a digitally controllable power supply resulted in the extent and sequence of folding being programmable via a
computer file. The demonstrated technique therefore maintains the benefits of inkjet printing as a 3D printing
technique, significantly reduces the time to generate 3D structures and is inherently compatible with existing
reel-to-reel printing technology. Future work and applications that further utilise the ease of multi-material
deposition of inkjet printing will also be discussed.

Jonathan Stringer is a lecturer in Mechanical Engineering at the University of Auckland. His research interests are in additive
manufacturing and printed electronics.
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Rough Stuff — EBM’s Achilles Heel?
TAYLOR, CHRIS J A (PRESENTING AUTHOR)
Zenith Tecnica
chris@zenithtecnica.com

ADDITIVE MANUFACTURING AND DESIGN (1)
Concurrent Conference Session 1 | Rangitoto 1

Additive Manufacturing in a Bioeconomy —
3D Printing of biobased polymers and composites
GRAICHEN, FLORIAN (PRESENTING AUTHOR)
Scion
Florian.Graichen@scionresearch.com

EBM AM (Electron beam melting - additive manufacture) as a process presents many benefits in terms of increased
geometric freedom, mass reduction and the ability to create porous lattices. Compared to DMLS (direct metal laser
sintering) it offers faster build times and better packing efficiency.

Le Guen, Marie Joo
Scion
MarieJoo.LeGuen@scionresearch.com

However, these advantages come at the expense of a higher surface roughness.

Gaugler, Marc
Scion
Marc.Gaugler@scionresearch.com

This talk will cover:
• How the surface roughness of components is affected
by different geometry and build angles.
• Mechanical properties comparison between polished and
rough tensile bars.
• The different techniques used by Zenith Tecnica to reduce
surface roughness.
• Why surface roughness reduction isn’t always desired
by customers.
• The secret recipe used to reduce surface roughness.
Each different manufacturing technique has its own pros &
cons. EBM is dissimilar to casting or forged and this difference
in surface roughness is an important aspect to consider when
choosing EBM.
The author is a mechanical engineer at Zenith Tecnica based in
Albany, Auckland.

Oral Abstracts

Combining advanced biobased materials with 3D printing enables the design and manufacture of customized and
innovative products. The vision of Scion and the Science for Technological Innovation (SfTI) – National Science
Challenge is that by 2025 New Zealand will be selling new customised products, equipment and materials based
on New Zealand’s biological resources and distributed manufacturing; and new companies are fuelling the growing
global green sector.
The research will therefore be underpinned by materials and process modelling, materials science and design and
(printer) engineering. It will predict the behaviour of the engineered biopolymers and biopolymer composites and
the design required for the appropriate equipment to process new materials.
This presentation will outline the development of products/materials with advanced functionalities utilizing
biopolymers and bioplastics. All these products need proven green credentials, freedom from harmful chemicals
and have to be cost-effective.
By building on features designed by nature, we aim to develop products that deliver performance additions beyond
the sustainability and renewability claims; products that will meet the demands of the global market place. Aspects
of our research take a different approach to many countries in how we use, manufacture and develop bioproducts as New Zealand is not set up for refining petroleum to chemicals and polymers.
Thus, we have leading expertise in extrusion processing and 3D printing of biomass, biopolymers, fillers, novel
biobased additives and fibre addition. 3D printing has the potential to fast track the commercialisation of
sustainable, customized and highly functional ‘green’ products using locally sourced, renewable materials.

Dr Florian Graichen is Science Leader for the area of Biobased Polymers and Chemicals at Scion - developing advanced biobased
products through modification and engineering of biopolymers and chemicals. This includes agile, modular and mobile processing
such as 3D printing and customized extrusion approaches.
Twitter: @FlorianGraichen
LinkedIn: https://www.linkedin.com/in/florian-graichen-42214a2b/
Scion: http://www.scionresearch.com/general/about-us/our-people/people/mb/florian-graichen
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Solidification during Selective Laser Melting
CHEN, ZHAN (PRESENTING AUTHOR)
Department of Mechanical Engineering
Auckland University of Technology
Zhan.chen@aut.ac.nz

Powder-bed fusion selective laser melting (SLM) is the major form of metal additive manufacturing, often heralded
as central for next generation manufacturing (Industry 4.0). The additive feature of SLM allows for parts of high
shape complexity to be made but the liquid to solid (L→S) transformation often results in microstructures with
sub-optimal properties, which is a major limitation when attempting to manufacture functional parts. In this
presentation, firstly, we will explain that the major challenge lies in attempting to understand how the L→S
transformation can be controlled to avoid the formation of columnar dendritic networks. These networks can result
in hot tearing, a phenomena profoundly detrimental to SLM of many important alloys. Secondly, we will explain
that, despite intensive research, an understanding of the thermal and solutal distributions and their relationships to
crystallization in the rapidly moving submillimetre-sized alloy melt pool is still poorly understood. This prevents a
sound base to form for allowing for equiaxed grain growth.

Thirdly, we will explain that thermal gradient (G=dT/ds), growth rate (R=ds/dt) and cooling rate (dT/dt) at the
L→S front need to be determined. These quantities cannot be directly measured, and yet they are fundamental in
influencing atomic mass transfer and therefore the morphology of the solidifying grains. We will explain the well
established concept of constitutional supercooling (Tc) given G, R and alloy specifics (composition, liquidus slope
and partition ratio). The level of alloy and process parameter dependent TC determines whether columnar-toequiaxed transition may take place, which is the core consideration of grain control. Fourthly, we will present our
experimental data and theoretical treatment contributing to the understanding of the thermal quantities in the L→S
front during SLM. This is an initial step for revealing grain formation and growth leading to the understanding of how
blocking columnar growth is possible.
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Two bangs for your buck — developments
in New Zealand’s agricultural robotics industry
DUKE, MIKE (PRESENTING AUTHOR)
University of Waikato
dukemd@waikato.ac.nz

New Zealand’s economy is dominated by the primary industries, but labour shortage, cost, reliability, quality
control, combined with health and safety concerns, are threatening the profitability of many companies.
Fortunately, a technological revolution is underway to introduce smart automation and robotics into the fields
and orchards to solve these problems. The robots will undertake tasks such as data collection, pollination,
thinning, pruning, harvesting and grading. As New Zealand develops agricultural robots to solve its own labour
related issues, it has the opportunity to export high value, high tech equipment and services to much larger
overseas markets. This work will showcase some of the agricultural robots being developed in New Zealand
and how they can lead to high value exports.

Professor Mike Duke is the Dr John Gallagher Chair in Engineering at the University of Waikato. He leads an AgriEngineering
research group, developing ‘in field’ robotic machinery. Current projects include; robotic harvesting of kiwifruit, apples,
asparagus and forestry seedlings, driverless orchard vehicle and machine vision grading.

The presenter is a materials engineer and a professor of with the department of mechanical engineering at AUT. He currently is
conducting research in the fields of metals additive manufacturing and friction stir welding He teaches courses and supervises
student projects and research on engineering materials and manufacturing technologies.
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Three Product Technologies that are Becoming More Available

Materiality, 4D design and metamaterials

SHANNON, CRAIG (PRESENTING AUTHOR)
Globex Engineering Ltd
Craig.Shannon@Globex.co.nz

Calius, Emilio
Callaghan Innovation
emilio.calius@callaghaninnovation.govt.nz

In recent projects, Globex has worked with many different technologies for products that range from the very
common to cutting edge experimental. For the talk, we have picked three technologies that we have recently
worked with that are becoming more available and could be of interest. These technologies are Laser direct
structuring, high head load thermally conductive plastics and Induction heating tooling for composites.
Laser Direct structuring is putting laser activated plastics through plating to make PCB like tracks on plastics.
This gives the ability to make 3D PCBs on plastics and unlocks many new design options. This process has
previously has only been available to industries like high-volume cell phone manufacturers for antennas. In the
talk I will run through some of our recent applications for LDS.
Thermally conductive plastics have been developing for many years. In recent time, the amount of heat that
can be carried has risen and the cost of the compounded resins have decreased. This has led to opportunities
like plastic heatsinks in more price sensitive applications and it can facilitate reduced build labour, part count
and increased design freedoms. In this talk I will run through how conductive plastics can be advantageous
and some of their design parameters that are important.
Induction heating in tooling has been in development and used by the automotive industry for many years for
achieving finishes like polished piano black mouldings. This technology is now starting to mature and is helping
to make composite parts manufacture more cost effective in large scale manufacturing. Composite parts can
be produced in a few minutes using a variety of different fibres and thermoplastic substrates. In this talk we
will run through a few examples of where this is used and how the technology works.

Craig Shannon is a Senior Manager at Globex Engineering. Since graduating from Auckland University with a BE Mech (hons),
Craig has done a variety of roles in and around product development, in both large and small organizations, in NZ and
abroad. Craig is passionate about building product design capabilities in NZ.
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BATEMAN, MONIQUE (PRESENTING AUTHOR)
Victoria University of Wellington
moniquebate@gmail.com
Miller, Tim
Victoria University of Wellington
tim.miller@vuw.ac.nz

The complexity enabled by additive manufacturing processes combined with the relatively recent development of
so-called digital materials offers unprecedented control over the effective material properties of objects, including
spatial and time variations. New horizons in design are emerging where shape and materiality are both malleable
and can be independently manipulated, transforming both functionality and aesthetics.
As a demonstration of the emerging interchangeability of material and shape, we have experimented with its
application to a mechanical metamaterial. Metamaterials are a class of structured, artificial materials whose
properties are driven by their topological design, i.e. their shape. Pentamodes are a particularly interesting type
of metamaterial for several reasons. Despite being a solid, they behave like a fluid under small deformations and
their effective bulk modulus and mass density can be adjusted independently over a wide range. More importantly,
theory predicts that they could be designed to possess any thermodynamically admissible elasticity tensor. In
other words, pentamode metamaterials offer a promising path towards design control over effective mechanical
properties.
Pentamode metamaterials are open lattice structures that derive their unique properties from the shape or
geometry of the lattice struts and specially the connections between struts. Ideally these connections are point-like
but in practice have a finite volume which introduces obvious practical difficulties.
In this paper we describe a new type of pentamode structure in which the
lattice struts and their connections are kept uniform and instead the material of
which they are composed is varied to achieve pentamode behavior. A generative
model implemented in Grasshopper is combined with multi-material printing
using a Stratasys PolyJet machine to create a series of 2D and 3D pentamodelike structures. Finite element simulations elucidate the similarities and
differences between classical and these material-based pentamodes. 2D test
articles are shown to experimentally display key pentamode characteristics.

Emilio Calius is currently Architectured Materials programme science leader in the Advanced Materials group at Callaghan
Innovation. He has worked on spacecraft structures, bio-inspired mechanisms, and smart structures that adapt to changing loads.
His current research focuses on novel ways of manipulating and controlling mechanical behaviour using metamaterials.
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The future composite manufacturing factory
SMYTH, TIM (PRESENTING AUTHOR)
Core Builders Composites
tsmyth@corebuilderscomposites.com

Automation of composite manufacturing will bring a second wave of efficiencies that CNC and digital
technologies has begun. But to fully embrace automation in manufacturing, New Zealand needs to rethink the
whole design of factories from the ground up. Space, access will be a premium and integrating smart, clean,
climate controlled spaces early in the design will be a priority in order to fully realise the benefits.
Tim Smyth has set up factories for composite manufacturing in Europe, the US and New Zealand and has a
practical understanding of how the building affects the business.
His talk will start with an introduction to Core Builders Composites, a high value marine composite
manufacturing company that has evolved over 20 years by being early adopters of new technologies. He will
outline the requirements for modern manufacturing facilities and then look at the obstacles to establishing
these in New Zealand including:
• lagging non-tertiary skill development and training
• lack of consideration of requirement of industry and employers in planning decision,
resource consents and zoning
• land property prices
• lagging utilities and infrastructure including slow roll out of UFB.
He will finish his talk by postulating the opportunities for New Zealand that will exist if the decision to embrace
new manufacturing methods and materials and the future factory to increasing the production capacity of
infrastructure.
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Structuring Industrial Research for Success —
a case study of the DishDrawer© Wash Pump Evolution
MASON, WAYNE (PRESENTING AUTHOR)
Fisher & Paykel Appliances
wayne.mason@fisherpaykel.com

This Presentation will describe the research results, however it will mainly focus on the
Structure of the research and why that was believed to contribute to a successful reusable
outcome to both organisations.
The DishDrawer© is a unique Dishwasher that employs two complete wash tubs that
operate independently. These tubs slide in and out on rails meaning the pumping system
is regularly removed from the chassis of the Dishwasher. To enable this and to ensure an
internal profile of the drawers that will conveniently fit large dishware, the wash motor
pump and spray system must have a very low height profile.
The pump design has not in principle been reviewed since it was introduced 20 years
ago, however increasing performance requirements on water use and product noise
levels are leading for the search for efficiencies that have previously not been required.
This project was a University of Canterbury final year collaboration with FPA to
investigate and explain how the current pump physically functions to generate flow
and pressure and how this could be optimised to achieve a significant pump “Height
Reduction”.
This project produced a deep understanding of how the pump works though physical testing and use of high speed
imagery and
the
validation of a reusable
CFD model.

Tim Smyth, Managing Director of Core Builders Composites has been at the forefront of composites manufacturing for 20
years. He has witnessed the uptake of CNC and digital manufacturing and embraced these technologies to produce high tech
racing yachts. He will present his vision for the future composite manufacturing facility.

Wayne Mason is a Senior Technical Leader at Fisher & Paykel Appliances Product Development site in Dunedin. Over 20 years
designing Dishwasher wash systems and leading research and implementation projects.
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Your refrigerators sustainability dilemma
MACREADY, SARA (PRESENTING AUTHOR)
Fisher & Paykel Appliances
sara.macready@fisherpaykel.com

Know how much money you spend on food every year? Know how well
your refrigerator takes care of food you place in it? And how much of
this food goes from the fridge to the rubbish bin without even making
it to your plate?
FAO states that of all the food produced in the world for human
Consumption, as much as 1/3 (approx. 1.3 billion tonnes) gets lost
or wasted. New Zealanders are not blameless, our contribution is approximately 120 tonnes of food wastage
costing $870 million annually. Much of this is wasted in our own homes, nearly half of which is produce - fruit
and vegetables perishing before they make it to our salads.
With the growing cost of food, buying a fridge which optimises food preservation is a strong purchase driver.
So how can the consumer tell how well one fridge performs compared to the next?
When purchasing a new fridge, informed decisions can be made on energy efficiency, aesthetics, design and
cost. But to find out about food preservation performance, you must take the word of the sales person?
Additionally, the last two decades has seen legislation introduced to improve energy efficiency of household
refrigerators, resulting in a 1/3rd reduction in energy consumption. Unknowingly to the customer, this often
comes as a trade-off to food care.
Wouldn’t it be great if we as consumers could make a better informed decision about food preservation
performance?
This presentation will focus on the on-going research effort Fisher & Paykel Appliances is leading in developing
a new IEC International Standard for Food Preservation Test Methods in Household Refrigerators.
We are being supported with research into refrigeration variables impact on food produce, at a fundamentals
level by the superb University of Otago Food Sciences Department led by Professor Indrawati Oey.
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Doing well by doing good: Sustainable manufacturing strategies and
opportunities through ‘lean and green’ thinking
CALDERA, SAVINDI (PRESENTING AUTHOR)
Queensland University of Technology, Brisbane, Australia
savindi.caldera@qut.edu.au
Desha, Cheryl
Griffith University, Brisbane, Australia
c.desha@griffith.edu.au
Dawes, Les
Queensland University of Technology, Brisbane, Australia
l.dawes@qut.edu.au

With growing calls internationally for manufacturing efficiency and waste reduction, sustainable business practice
has evolved over the last few decades as an aspiration for many industries. Despite constant attention on
‘sustainability’ it is still unclear on how exactly the small and medium sized enterprises (SMEs) could holistically
embed sustainable business practice into their daily business operations. This paper explores the role of lean
and green thinking in implementing cost-effective sustainable manufacturing practices, drawing on findings
from multiple case studies. The authors have adopted an interpretive case study method to investigate this area
of lean and green practices in South East Queensland, Australia. Case study findings are used to provide rich,
contextual insights on best practices in areas such as waste, emission, chemical, water and land management. The
paper presents a ‘lean and green matrix’ to guide SMEs to select appropriate lean and green tools and optimise
sustainable business outcomes while maximising benefits from their expenditure. The findings also provide
strategies and opportunities to effectively contribute to key responsible consumption and production targets within
the United Nations’ Sustainable Development Goals.

Savindi is a PhD candidate from Queensland University of Technology, Brisbane and will shortly submit her PhD by publication. Her
PhD explored the co-evolution of lean and green thinking, including enquiry into how SMEs could strategically invest in lean and
green tools and processes to achieve sustainable business practice.

Sara Macready is Technical Leader of Refrigeration Product Evaluation at Fisher & Paykel Appliances. Sara has a Bachelor of
Science, majoring in Human Nutrition from Massey University.
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Facilitating material reuse in the building industry through computeraided fabrication
FINCH, GERARD (PRESENTING AUTHOR)
Victoria University of Wellington
finchged1@gmail.com
Marriage, Guy
Victoria University of Wellington
guy.marriage@vuw.ac.nz

The superior accuracy, detailing capability and mass production potential made possible by computer-aided
manufacturing is collectively seen as an answer to many of the building industry’s key productivity issues.
Specifically, we see computer-aided manufacturing tools as systems that will enable the widespread deployment
of light timber framed building systems that can eliminate construction waste by facilitating material reuse.
To validate this hypothesis researchers at Victoria University of Wellington’s School of Architecture are leading
an ongoing study that proposes radical new light timber construction systems that exploit digital manufacturing
technologies.
The research to date has delivered a full scale prototype structure using an advanced diagrid geometry.
Computer-aided manufacturing process, notably CNC routing, has enabled the fabrication of this structure
that is inherently self-bracing and capable of spanning horizontally and vertically using the same simple
components. This construction system (X-Frame) is unique as it proposes the use of very few discrete members
that are capable of servicing all building requirements to ensure attractive and economical material reuse.
Computer-aided routing technology enables each component to be intricately detailed to facilitate repetitive
assembly and disassembly without the need for any additional materials or fixings (self-assembling). CNC routing
also enables subtle detailing of the frame components to extend the cyclic life of individual members (targeted
chamfering to specific joint locations).
X-Frame is the result of extensive testing and design-led experimentation supported by the New Zealand Institute
of Building and Carter Holt Harvey. Iterations that tested a range of non-orthogonal geometric patterns were
examined through detailed manufacturing simulations that looked at fabrication time (cost), dust waste, solid
waste and repetition potential. A key innovation of the final solution (X-Frame) is the simplification of the geometry
to enable all components to be cut from a single sheet and the almost total elimination of waste in fabrication.

Gerard Finch is a PhD researcher exploring the capacity of prefabricated architecture to reduce waste in the Building Industry.
Gerard’s research is a multidisciplinary study that brings together industrial design, engineering, building science, computer
aided manufacturing technologies and architecture to propose experiential construction methodologies that substantially reduce
building waste quantities.
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Engineering an Artwork
GOOCH, SHAYNE (PRESENTING AUTHOR)
University of Canterbury
Shayne.gooch@canterbury.ac.nz
O’Keefe, Alex
University of Canterbury
okeefe.a.nz@gmail.com
McGregor, Angus
University of Canterbury
angus.mcgregor@pg.canterbury.ac.nz

Len Lye was born in Christchurch in 1901 and became New Zealand’s most well-known international artist. Lye
evolved a concept he called “composing motion” and this concept was illustrated in his experimental films and
kinetic sculptures from the late 1920s through to the early 1970s. He said “if there is such a thing as composing
music then there should be a means for composing motion”.
Following Lye’s death in 1980, the Len Lye Foundation was established to preserve the Len Lye Collection. Soon
after a collaborative relationship evolved between the Department of Mechanical Engineering at the University of
Canterbury and the Len Lye Foundation. This collaboration has involved the posthumous completion of some of
Lye’s sculptures including the 'Wind Wand' in New Plymouth and the 'Water Whirler' on the Wellington waterfront.
This paper concerns the design and analysis of the flexible vibrating elements that create the visual and acoustic
performance of Lye’s kinetic artworks. Lye proposed that his sculptures be built at what he described as a
“monument size”. This requires understanding the influence of changing size on structural properties. There are
practical and economic limits to the size that the sculptures can be built.
Producing a Len Lye sculpture requires a collaboration between researchers and practitioners in engineering and
fine arts. Engineers and artists generally have a different approaches to creating physical artefacts however the
same overall design framework can be superimposed on both approaches. The ownership of the final artefact is
often seen differently depending on whether viewing the artwork from an artistic or engineering viewpoint.

Shayne Gooch is a mechanical engineer and Head of the Mechanical Engineering Department at the University of Canterbury.
He completed a 4.5 year apprenticeship in fitting and turning before a professional engineering degree and PhD. He has taught
mechanical engineering design to 4th year undergraduate students at Canterbury University for almost 20 years.
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Virtual Engineering – Myths and Legends

Design to do More

BATTLEY, MARK (PRESENTING AUTHOR)
Engineering Science and CACM, The University of Auckland
m.battley@auckland.ac.nz

MENARY, CARL (PRESENTING AUTHOR)
4ormfunction
carl.menary@4ormfunction.com

Bickerton, Simon
Mechanical Engineering and CACM, The University of Auckland
s.bickerton@auckland.ac.nz

Lovegrove, David
4ormfunction
david.lovegrove@4ormfunction.com

Allen, Tom
Mechanical Engineering and CACM, The University of Auckland
tom.allen@auckland.ac.nz

Jury, Mathew
Taska Prosthetics
mathew.jury@taskaprosthetics.com

Virtual engineering is defined as integrating geometric models and related engineering tools such as analysis,
simulation, optimisation and decision making within a computer-generated environment that facilitates product
development.

Taking a new idea or new product into market is an adventure and the more innovative the idea the more
challenging the adventure. This is the story of one man’s passion to take a product to market and the design development journey to get there. This is the story of developing the Taska myoelectric prosthesis.

Computer Aided Engineering tools and computational modelling techniques such as Molecular Dynamics, Finite
Element Analysis and Computational Fluid Dynamics provide valuable opportunities for faster and lower cost
development of new products and processes. In principle, we can predict multiple types of physical behaviour
across a range of scales from molecular to large structures. Optimisation routines can assist with efficient decision
making to arrive at a final design or process methodology.

It was a bicycle accident that inspired Mat to develop this product and make a difference in people’s lives. It started
small with a 3D printer in his garage and it was learning from failure that lead to a massive opportunity. A number
of years of development saw the idea evolve, but in order to take it to market successfully he decided early on that
he needed help on the business side and on the mechanical development. 4ormfunction were engaged to take the
initial concept model and develop a robust, attractive and waterproof product that could be easily manufactured.
And given the complexity of a hand it was a significant journey – that for commercial reasons needed to happen
quickly.

But how well do these tools actually work, and what is required to have confidence in their results?
This presentation will give an overview of modern Virtual Engineering approaches with a particular focus on
simulation of complex multi-physics performance and processing. Product performance case studies will
include impact of automotive components, fluid-structure interaction for boats hitting waves and approaches for
simulating behaviour of complex constitutive behaviour materials such as foams.
Processing examples will include simulation of resin flow within the manufacturing of high-performance fibrereinforced polymer composites, and also incorporating the realities of an imperfect world, where we need to
understand the effects that variability and defects have on both processing and performance.
The important role that experimental testing plays in these processes to determine what physics the models need
to include, provide accurate input data and validate the analysis methods will also be discussed.

To be successful Mat knew being better than the competition wasn’t enough. To enrich people’s lives the product
had to disrupt the market. It’s that challenge that drove the team to develop new manufacturing techniques to bring
the idea to life.
An overview of the product will be presented including a brief video. Presenting how innovations in design and
manufacturing and how risk mitigation and manufacturing approaches were always at front of mind including the
creating of accurate prototypes, good analysis and rigorous laboratory and field testing.
Mat Jury’s passion has resulted in a world’s first robust and water-proof myoelectric prosthesis designed for
everyday live – a hand that enables it’s users to “do more”.

Dr Mark Battley is a Senior Lecturer in Engineering Science and Deputy Director at the Centre for Advanced Composite Materials,
The University of Auckland. His research areas include novel computational modelling and experimental characterisation for
materials and structures with complex physical processes, particularly for polymers and fibre reinforced polymer composites

Carl Menary is a trained Industrial Designer and senior product designer at 4ormfunction. He is passionate about using design to
improve lives and strives to help New Zealand companies achieve global success. Working from Waihi Beach he is highly involved in
the local Bay of Plenty creative community and enjoys teaching design to local primary school children in his spare time.
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Doing the laundry with brains, not brawn

Creative Sustainability: A Design-oriented Approach

TRITTSCHUH, JENNIFER (PRESENTING AUTHOR)
Fisher & Paykel Appliances
jennifer.trittschuh@fisherpaykel.com

Ok, Jeongbin
School of Design/Victoria University of Wellington
Jeongbin.ok@vuw.ac.nz

What are the differences between cycles on a washing machine? What
are the parameters of a wash cycle? How are wash cycles developed?
There are more than 20 parameters influencing the performance of a
wash cycle in household clothes washing machines and typically new
products have ~10 different wash cycles. Parameters include physical
dimensions, mechanical and temporal behaviours, as well as chemical
and thermal factors. The standard process to develop a wash cycle is
to wash a test load, measure performance, modify parameter(s) and
repeating until performance is acceptable. Depending on the washer,
this can require substantial man-hours, test facilities, project time
and money.
If we can create a mathematical model of wash action that predicts wash performance for a set of parameter
values, we could use it as the starting point for cycle development. If it could reduce development testing time by
even a third, it would eliminate months from project plans and budgets. This approach has been successfully used
for decades with structural and dynamic components of clothes washers, in the form of finite element analysis. But
modelling the action of a multiphase flow of air, detergent water and foam saturating flexible, permeable fabrics
that are subjected to transient tangential flows along surfaces as well as normal flows through the surfaces with
fabric and drum contact is significantly more complex. And that is before chemical and thermal parameters are
accounted for.
We began developing a model at the 2017 Mathematics in Industry New Zealand workshop. While our idea
was validated, the mathematicians determined that our data was unusable, so we now have a plan for 2018
and beyond. We also have a novel, new analytical technique. Our journey to date will be presented and we are
interested in finding collaboration partners for the development path ahead.

Jennifer Trittschuh is a Product Development Engineer at Fisher & Paykel Appliances. She works within the Laundry Group and is
investigating fundamental factors that influence wash performance. Jennifer has a Bachelor of Science in Engineering & Applied
Science from the California Institute of Technology.
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School of Design/Victoria University of Wellington
Simon.fraser@vuw.ac.nz
CAMERON, SOPHIA (PRESENTING AUTHOR)
School of Design/Victoria University of Wellington
sgccameron188@gmail.com
Taito-Matamua, Lionel
School of Design/Victoria University of Wellington
L.taito_matamua@hotmail.com

Excessive dependence on petroleum-based plastics has not only caused detrimental harm to the environment
but also severely damaged economies and cultures around the world. While various attempts made to address
the global yet local issues entangled with plastic waste have pursued "one size fits all" resolutions, our progressive
approach seeks design-oriented answers for the problems through context-focused analyses, experiment-based
exploration and collaborative engagements with communities, industry partners and government in the affected
areas. Starting from creation of holistic scenarios, our approach incorporates contextual material development,
systematic utilisation of digital manufacturing technologies including CAD and 3D printing, user-centred
product design and practical implementation. Recent outcomes of the approach include: 1) A project aimed at
mitigating harsh consequences of plastic waste in Samoa has grown into a social enterprise that offers customised
STEM+Design education for low-decile primary and secondary schools in the Wellington region; and 2) Plastic
waste collected from local businesses, schools, a sports center and beaches were sorted, cleaned, granulated, and
then formulated for a series of 3D printing filaments each of which demonstrates a unique in-line colour gradation
through 3D printing as a subtle yet discernible indication of its origin.

Jeongbin Ok is a senior lecturer in Industrial Design at Victoria University of Wellington. His research interests span design for
safety, health and sustainability through design-oriented integration of emerging technologies across smart materials, additive
manufacturing and digital processes. Jeongbin is an inventor of 20+ patented products, systems and materials.
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Design for EBM Production

Cognitive Loads in VR and VR Visualisations

CHAND, SUVIG (PRESENTING AUTHOR)
Zenith Tecnica
suvig@zenithtecnica.com

WANG, BRANDON (PRESENTING AUTHOR)
Victoria University of Wellington, School of Architecture
brandon.wang02@gmail.com

Rapid growth in Electron Beam Melting (EBM) technology has given newfound reliability to additive manufacturing
(AM). As a result, EBM is now widely considered as a production process and has opened a gateway for designs not
adhering to a traditional way of mass manufacture.
As per any new industrial manufacturing process, it is important for product designers to understand the
capabilities and limitations of the process to further optimise design functionality and production efficiency.
At Zenith Tecnica, being on the forefront of EBM industrialisation, we try to educate and push EBM design
methodology to achieve these things.
This presentation intends to provide basic information on thinking ‘Design for EBM’ when undergoing component
design. It will briefly cover;
1. What to expect from an Ti6Al4V EBM product – Do you understand physically and mechanically what you’re
going to be designing with?
2. EBM design methodology- What can you do to improve your product to suit mass production?
Having a better understanding of EBM design methodology will ultimately result in faster and a higher quality
of production parts that are repeatable. Equipped with the knowledge, mechanical design engineers will able
to produce more ‘additively friendly’ components, make more informative decisions on what is suitable for EBM
manufacturing and add another means of production to their current arsenal.

Suvig Chand, Mechanical Design Engineer, EBM Applications.
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Moleta, Tane
Victoria University of Wellington, School of Architecture
Schnabel, Marc Aurel
Victoria University of Wellington, School of Architecture

The products architects use to design, document and manage the building process have historically relied on off
the shelf products from international corporations. These ‘one fit for all’ applications have often been criticised
for forcing the hand of the designer, and ultimately, influencing the final output. This body of research outlines a
number of design tools and a method to test their effectiveness for the discipline.
This research project documents a grassroots project that defines how the Realistic visualizations of architectural
designs have historically been limited to “single frame moments”. Carefully chosen, they are captured and rendered
in detail by the architect or designer. In doing so; the connection and flow of experiencing a building as an inhabitant
are severed. The architectural complexity of ‘experience’ is not explored, and the attempt to create immersion
or presence in designed environments is easily lost. This research project explores the act of designing. The
introduction of Virtual, Augmented and Mixed Reality (VAM) has produced a new means of experiencing a design
before construction. This workbench has seamlessly added to the achievements all that traditional modes were
unable to. However, utilization of virtual environments and the potential it offers has not often ventured out of the
representation stage of design. The ability to test scale, stress, complexity, and flow of a large design freely and
easily such as SketchSpace’s (Innes, Moleta & Schnabel, 2017) interactive, full scale modelling, Tilt brush ("Tilt
Brush by Google", 2018), or Fuzor ("Fuzor - The Best VR for AEC!", 2018) both focusing on a human-centric design
in virtual 3D space will have large implications for architectural design if conducted correctly and understood. This
research project seeks to explore how: Design perception and experiences differ between VAM and the real world.
This project explores how non-bias biometrics may be recorded. The project explores the use of eye tracking in
conjunction with VAM to document the behavioural characteristics, stress and cognitive loads. Qualities that are
invoked within an occupant when navigating spaces with different uses, intentions and spatial qualities. The design
of this research employs a number of focus group studies. The project is initiated through presenting the two
designs; the first is a real-world environment and, and the second a virtual environment via VAM. A digital model
produced in Rhino 3D and ‘virtualized’ in Unity using the HTC Vive. Focus group participants are given the task of
navigating and moving towards a destination; different behavioural and subconscious characteristics caused either
by the architectural design or method of representation are found.
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The Flying Lounge
PERVAN, MICHAEL (PRESENTING AUTHOR)
AIM Altitude
michael.pervan@aimaltitude.com
Balasingam, Gavin
AIM Altitude
gavin.balasingam@aimaltitude.com

Kim, Nam Kyeun
AIM Altitude / Centre for Advanced
Composite Materials
NamKyeun.Kim@aimaltitude.com
Bhattacharyya, Debes
Centre for Advanced Composite Materials
d.bhattacharyya@auckland.ac.nz

AIM Altitude, part of AVIC International, is a multi-national organisation providing aircraft interiors to the
international airline market. AIM Altitude has a significant design and engineering presence in Auckland and
Christchurch that has worked extensively with some of the world’s top airlines to create highly marketed
passenger experiences.
The market for inflight bars and lounges for premium cabins of long haul airlines has recently been described
as ‘booming’ in the Bloomberg article “The Best Airplane Bars in the Skies”. AIM Altitude is proud to have
delivered four of the top six inflight bars and lounges as identified by Bloomberg, with two of those coming
from the New Zealand based design team.
AIM Altitude’s design process works to deliver the intended passenger experience through user centred design
whilst negotiating the numerous complexities and risks associated with aviation flammability, structural and
electrical requirements.
Leveraging off its collaboration with the Centre for Advanced Composite Materials (CACM) at the University of
Auckland, AIM Altitude has been able to solve complex structural and flammability challenges and successful
to delivering stunning outcomes for its customers. AIM Altitude will share its journey in creating the world’s
best flying lounges.
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Freeform 3D Printing: towards the spatial
production of digitally crafted products
MILLER, TIM (PRESENTING AUTHOR)
Victoria University of Wellington
tim.miller@vuw.ac.nz
Molloy, Isabella
Victoria University of Wellington
molloy.isabella@gmail.com

Current 3D printing techniques generally construct an object layer by layer, building vertically in the z-axis,
commonly referred to as 2.5D printing. Recently developed, 'freeform 3D printing' is an additive manufacturing
(AM) method which builds through the deposition of material that solidifies upon extrusion. The result is freestanding spatial structure diminishing the need for support material and offers new design opportunities to explore
the integration between structure, performance and aesthetics.
Building in this spatial manner, using simultaneous x, y and z-axes movement, allows the designer to disregard
the prerequisite that, solid forms need to be delineated prior to considering material deposition. By intimately
understanding and controlling the FDM printer and developing custom computational processes the designer can
encode material deposition with qualities that are tactile, visual and expressive of this new method of production.
This research through design, illustrates how parametric modelling could be used for mass-customisation
and suggests a possible path for AM beyond prototyping, towards the manufacture of bespoke products that
are skilfully crafted from an industrial design perspective. Through iterative abstract and application based
experiments, this research pursues an increasingly integrated process between the user, the designer, the digital
and the physical, towards the creation of digitally crafted, spatially printed product.

Spatial printing on MendalMax,
layered to open mesh variable density
exploration

Michael Pervan is the Managing Director of AIM Altitude New Zealand and has been instrumental in creating New Zealand’s
significant international presence in aircraft interior design and engineering.
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Freeform printed mouse, considering
materiality, strength and
customisation

Tim Miller, Senior Lecturer, Victoria University of Wellington
The focus of Miller’s research is to utilize advances in digital technologies in two overlapping areas, experimental furniture design
and digital manufacture/3D printing. Through hardware and software manipulation, Miller explores new production methods and
aesthetic possibilities.
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Metrology in Additive Manufacturing

Extending Wear Life by Laser Cladding

SEFONT, PETER (PRESENTING AUTHOR)
Zenith Tecnica
pete@zenithtecnica.com

SCHULZ, CHRISTIANE (PRESENTING AUTHOR)
Future Industries Institute, University of South Australia (UniSA)
Christiane.Schulz@unisa.edu.au

The introduction of additive manufacturing in a production environment has provided engineers almost limitless
freedoms of geometry and simultaneously caused a predicament for quality control. More and more engineers
unfamiliar with the process are designing parts to be made leading to tolerances not being met and less than
optimal results. It is Zenith Tecnica’s job to both push the technology to its limits and educate fellow engineers to
achieve the result a customer needs.
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Hall, Colin
Future Industries Institute, University of South Australia
Colin.Hall@unisa.edu.au
Charrault, Eric
Future Industries Institute, University of South Australia
Eric.Charrault@unisa.edu.au

There are two goals to performing metrology:
1. Ensure the parts meet the customers specification and adjust if they are not.
2. Continuous improvement.
As a production orientated company Zenith Tecnica uses 3D laser scanning and CT scanning to conform
production parts to customer specifications. The parts produced tend to be of complex geometries where classical
measurement methods no longer provide enough information due to complex surfaces or internal geometries.
To drive the research required to make the machines perform better there needs to be an indication of what to
address. The main output of the system are the parts built; therefore, there needs to be some way to analyse them
in a holistic manner to determine a quantifiable target to improve upon. This target for Zenith Tecnica is a global
surface profile. We produce colour maps of parts to show if and where parts have deformed. The presentation will
cover a case study of this in action.
The time spent ensuring a part conforms to a customer drawing will usually result in an understanding of what
parameters have caused issues or imperfections that may relate to heat theory, geometry, algorithms, or even
machine hardware. As time goes on these lessons learnt are applied to new builds and slowly but surely Zenith
Tecnica can improve the quality of the parts it produces.

Peter Sefont, Mechanical Engineer, EBM Applications.

The cost of wear contributes to approximately 4 % of the gross national product in industrialised nations.
Productivity loss in the mining industry makes up a large portion of this amount. By extending the service
life of components in mining, costs associated with maintenance, downtime and new components can be
reduced drastically.
University of South Australia is collaborating with LaserBond, a Sydney based SME specialised in wear resistant
coating technologies, and Boart Longyear, the world’s leading provider of drilling services and equipment for a
three year, AUD$ 8 m multi-party project. The project is aiming at significantly reducing the wear of key drilling
components in order to reduce overall drilling costs. Fast wearing components are significant driver of drilling
costs. Reducing drilling costs ($/m of hole drilled) arises by extending drilling time between changeouts; or more
utilised hours of drill availability (increased capacity to drill rock). More hours drilling rock and faster penetration
rates converts to lower cost holes, more exploration, and a more profitable mine operation.
Within this project a wear-resistant coating is applied using Laser Cladding, an advanced additive manufacturing
process. The laser clad coatings are tested in several accelerated wear tests mimicking the real-life wear
mechanisms like abrasion, erosion and corrosion. Appearance of worn surfaces is compared with the wear
observed on drilling components operated at drilling sites in different type of rock. Thereby it can be verified
that suitable lab tests are utilized to test coating performance for drill components in accelerated conditions.
The developed coatings are optimized regarding amount, size and type of hard phases as well as hardness and
ductility of the matrix material. It has been found that a key criterion for long lasting drilling components is to
control the balance between high hardness and ductility by allowing and preventing temperature dependent
reactions during processing.

Christiane is employed as a Research Fellow: Thermal Spray Specialist at the Future Industries Institute at UniSA. Her area of
expertise are thick coatings applied using thermal spraying and deposition welding techniques for wear and corrosion protection
in heavy industries.
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Additive manufacture as an accessible and
novel method for valuable innovation in healthcare
MURPHY, ELLA (PRESENTING AUTHOR)
School of Design
Victoria University of Wellington
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School of Design
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Young, Jeremy
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jeremy.young@ccdhb.org.nz
Broadbent, James
Wellington Hospital, Capital and Coast DHB
james.broadbent@ccdhb.org.nz

Additive manufacture (AM) is by no means new technology, however, it remains under-utilised as a creative tool in
standard healthcare and idea prototyping. In New Zealand AM is often perceived as difficult and unreliable relative
to the investment required and output quality. However, this study shows that the cause of this is not necessarily a
lack of technological efficiency, rather a lack of insight into how to access its different methods best.
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Metal additive manufacture of a heat exchanger
GLASSON, NEIL (PRESENTING AUTHOR)
Callaghan Innovation
neil.glasson@callaghaninnovation.govt.nz

Metal additive manufacture (metal AM) enables design of complex parts that could not be produced by more
conventional methods. Callaghan Innovation runs a 3D Systems ProX DMP 320 machine configured to build parts in
aluminium alloy (AlSi10Mg). This machine can make solid parts with surface finish and dimensional precision similar
to what you would expect from investment cast parts. The material strength is comparable to wrought aluminium.
One of the challenges with metal AM is to identify candidate parts for production that are of sufficient value to
justify the expense. The machine, the process and the consumables are expensive compared to more conventional
manufacturing methods. In general terms, if it is possible to manufacture a part by subtractive manufacturing, then
it should be made that way (it is likely to be cheaper and better quality than making the part with metal AM).
In the current work, an existing heat exchanger component from one of Fabrum Solutions cryocoolers was analysed
as a prospective candidate for metal AM. The heat exchanger is for water cooling a flow of warm helium. The helium
flows thru many fine slots (produced by EDM wire-cutting). The water flow path is a helical groove machined on
the outside of the part and formed to a closed channel by fitting into a cylindrical shell housing. An initial attempt
was made to replicate the original design on our DMP 320. The print was successful but the resultant part needed
extensive machining to finish it. The cost of producing the print only was already several times the total cost of the
original part so metal AM adds no value over the existing manufacture.
To explore the limits of what may be possible with metal AM, the part was re-designed to consolidate with adjacent
parts in the assembly, thereby eliminating seals and related machining to make a more effective design.

A paradigm for healthcare is presented, with suitable workflows and applications for AM, 3D printing, and the
digital technologies that facilitate it. As a design and manufacturing process, it is demonstrated to be scalable
based on the desired engagement, monetary investment, and purpose.
AM is not restricted to those who are highly experienced in the area; open-source software, automated systems
and low maintenance production methods provide democratised access. This process becomes advantageous
for novices for its reduced cost in time and money and reasonable output quality. With further investment,
sophisticated AM systems and experienced designers’, higher fidelity outcomes can be achieved. These include
novel emulations of anatomical structures.
Our research clearly indicates the specific opportunities AM brings to innovate when knowledge and resources are
shared between medical clinicians, engineers, and designers. Clinicians bring a contextual driver, designers give a
contemporary, conceptual element, while engineers can guide based on constraints of the physical world.
In this interconnected digital age it is imperative that an AM awareness exists. If New Zealand industry wants to
take advantage of this developing technology, it is critical to create a community where individuals' complementary
skills and research can be connected and unified.

Original design

		

Metal AM optimised design

Neil Glasson is a Lead Research Engineer working to identify valuable applications for 3D printing to help New Zealand companies
to grow thru application of new technology. His main current interest is additive manufacturing to produce metal parts.

Ella Murphy completed her Bachelor of Industrial Design in 2017 and is currently a Research Assistant at the School of Design,
Victoria University of Wellington. Ella worked on this project as a Summer Scholar, and was kindly supported by the J Campbell
Barrett Wellington Anaesthesia Trust.
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Metal 3D printing — beyond the hype

The Future of Manufacturing — based on Surface Coating Techniques

DOWNING, WARWICK (PRESENTING AUTHOR)
RAM3D
warwick@ram3d.co.nz

SCHAEFER, MARCEL (PRESENTING AUTHOR)
Auckland University of Technology
marcel.schaefer@aut.ac.nz

Metal 3D printing has been the subject of much hype and conjecture over the past few years. The reality often lays
somewhere between the two. This presentation will endeavour to start the process for industry participants to gain
an understanding of the key considerations to apply metal 3D printing into their business.

A significant reduction in carbon dioxide emissions cannot be achieved by merely increasing the efficiency of
existing technologies. Instead, we must make production processes more environmentally friendly. In this project,
we develop one such novel production process.

The focus will be from an industry perspective using real projects as an example where the technology has been
used to good effect.

In the future, many hard materials could be harvested from seawater. Goods could be manufactured at standard
temperature and pressure, and the manufacturing process would produce no waste or toxin. Impossible? Such
manufacturing occurs every day in nature’s closed biogeochemical cycles. People of the 21st century face two
challenging trends, increasing scarcity of almost all essential resources and a rapid accumulation of atmospheric
CO2. Business-as-usual scenarios predict an increasing demand of every material used in manufacturing and
unprecedented extremes in the human environment.

The projects will look at the technology from prototyping through to use as a production technique.
Warwick Downing is a Director and CEO of Rapid Advanced Manufacturing (RAM3D). He has been involved in
metal 3D printing since 2008 and was part of the team that set up the first machine in NZ and continues to work
extensively in the metal 3D printing arena. Warwick was one of the core members who established TDA Limited
(formerly the Titanium Industry Development Association) and led the new organisation from its inception until
2016. In 2013 Warwick established Rapid Advanced Manufacturing Ltd (RAM3D) with a group of like-minded
shareholders, to grow the commercial opportunities created by the growth of the metal 3D printing sector.
Over many years the team at RAM3D have developed a deep knowledge of the AM powder bed technology and the
requirements to repeatedly deliver for the aerospace, defence, marine, consumer and industrial markets.
RAM3D has become a leading 3D metal printing service provider in Australia and NZ and is gaining a reputation
globally for delivering challenging projects across a wide range of sectors.

In this study we mimic the shell-manufacturing process of marine diatoms, microalgae that strive in the world’s
oceans, to develop the basis for next-generation surface coatings and self-assembling nanostructures. This process
is termed as “templating”. The first critical project step identifies the template for mineralisation—a molecule
structure that directs the mineralisation process. The second critical step addresses the templating process,
including heat and mass transfer as well as crystal growth of the composite.
The application for these next-generation coatings and nano-scaled structures is nearly limitless. It ranges from
self-healing corrosion-protection coatings for offshore structures to highly efficient solar cells and sensors. Even
internal human body monitoring systems are conceivable.

Marcel works as a lecturer at Auckland University of Technology. His research focus is on future manufacturing technologies.
Currently, he focuses on developing a basis for protective composite surface coatings.
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Manufacturing flexible circuits using conductive plastic

Advancements in Nanofibre Technology

NEDOMA, ALISYN (PRESENTING AUTHOR)
The University of Auckland
a.nedoma@auckland.ac.nz

HOSIE, IAIN (PRESENTING AUTHOR)
Revolution Fibres Ltd
iain@revolutionfibres.com

Stringer, Jonathan
The University of Auckland
j.stringer@auckland.ac.nz

Lepe, Pablo
Revolution Fibres Ltd
pablo@revolutionfibres.com

Deva, Maneesh
Waitemata District Health Board
maneesh.deva@wdhb.govt.nz

Beckermann, Gareth
Revolution Fibres Ltd
gareth@revolutionfibres.com

Conductive plastic continues to inspire a new generation of flexible, inexpensive electronics for devices such as
solar cells, transistors, environmental sensors, radio frequency ID tags and self-healing biological scaffolds. The
greatest challenge to commercialising flexible plastic circuitry is the short lifetime under conditions of moderate
wear and tear. Each time the device bends, the conductive plastic channels deform slightly, eventually fracturing
and breaking the electrical pathway.

Revolution Fibres Ltd is a global leader in nanofibre production and advanced textiles manufacturing. Revolution
Fibres already commercialize different products for various clients in areas like filtration, skin health, composites,
acoustics, biotechnology and anti-allergy bedding.

Our work harnesses the high conductivity of plastic nanofibres and their exceptional flexibility to design robust
printed circuits.

Images of poly-3-hexylthiophene nanofibres
measured using atomic force microscopy. Sparse
and percolated fibre networks are shown.

The manufacturing conditions used to prepare and print conductive polymer inks can be used to enhance the
conductivity and mechanical strength of a printed circuit. We prepare the polymer ink by introducing a chemical
additive that induces the growth of long fibres within the formulation. Each fibre is a highly conductive crystal.
Unlike conventional crystals, which are brittle, the nanoscale dimensions of the polymer crystals enable them to
bend and flex freely.
Carefully controlling the temperature and concentration of the ink, we are able to optimise the structure of the
fibres. Sparse fibre coverage results in moderately conductive channels; dense, percolated fibre structures lead
to high conductivity due to the overlap of conduction pathways. Not only do percolated crystals improve the
conductivity of a circuit, they reinforce the mechanical strength, enabling repeated bending without degradation in
performance. Our ongoing work seeks to streamline this manufacturing process towards upscaling the printing of
flexible plastic circuits.

Revolution Fibres has developed the most adaptable and robust electrospinning method in the world, allowing
us to make non-woven textiles from a wide range of polymers and biopolymers, with functional bio-materials.
Electrospun nanofibre technology has a vast innovation potential for many markets.
Revolution Fibres products are created through a process called sonic electrospinning. Electrospun nanofibres can
be readily functionalized with a wide range of materials and in particular, our trade secret process allows us to carry
very high loadings of functional additives. Revolution Fibres deep understanding of nanofibre technology potential,
allow us to fast-track innovation and product development.
For Revolution Fibres, electrospinning is not just about creating small synthetic fibres, but instead active fibres
which do things like absorb sound, capture pollutants, sustain life, alter your skin appearance, and toughen the
world’s strongest materials.
To unlock the potential of nanofibre, Revolution Fibres has adopted an open innovation business model, an
essential strategy for the adoption of advanced materials into the global markets. Revolution Fibres bridges the
gap between research and commercialization, focussing on nanofibre manufacturing and product development for
real-world benefit.

Iain Hosie (Founder, CEO): Iain co-founded Revolution Fibres in 2009 and has led the business since 2012. A scientist (BSc,
Biochemistry) with a background in environmental health, government policy, product development and sales. Iain is a passionate
advocate for nanofibre manufacturing and its commercialization in many sectors.

Dr. Alisyn Nedoma is a Lecturer in the Department of Chemical and Materials Engineering at the University of Auckland. Her
expertise in polymer physics is applied in the development of plastic solar cells, photocatalysts for water treatment, functional
membranes, food-quality sensors, smart packaging, and supercritical processing methods for next-generation recycling.
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Better by Analysis: Modernising Simulation Approaches

Manufacture of superconducting devices and machines

DALY, LEON (PRESENTING AUTHOR)
Motovated Design & Analysis Ltd
Leon@Motovated.co.nz

Badcock, Rodney A
Robinson Research Institute, Victoria University of Wellington
rod.badcock@vuw.ac.nz

Design thinking, Agile development, Lean product and process development etc. are gradually gaining mainstream
adoption in NZ and rightly so – too many products are designed which don’t achieve “product-market fit” or do
so only after a costly and slow development process. There seems to be a gap, or perhaps chasm, between these
rapid, self-correcting methods and the use of engineering simulation technology.
In this presentation, the author shares insights and examples from direct experience leading analysis teams on how
to dramatically increase both the quality and quantity of simulation output.
Whether aerospace or agriculture, meaningful progress often grinds to a halt once the analysts get involved. Rather
than “throwing the baby out with the bath water”, this talk is a call for a “better by analysis” type approach for
effective and rapid simulation use in NZ.
A short case study of the KiwiRail passenger bogies developed for the TranzAlpine, Coastal Pacific and Northern
Explorer services will demonstrate how ideas gleaned from modern product development methodologies can
be applied to simulation management. These were the first passenger bogies designed in NZ and some have now
reached over 1 million kilometres of reliable, safe travel in very challenging conditions.

Oral Abstracts

Hamilton, Kent A
Robinson Research Institute, VUW
kent.hamilton@vuw.ac.nz
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Robinson Research Institute, VUW
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Robinson Research Institute, VUW
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Robinson Research Institute, VUW
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This presentation discusses our strategy for the commercial manufacture of novel superconducting power systems
for markets that can be addressed from New Zealand. We examine the technology roadmap for implementation
in traction transformers and application in the next generation of hybrid-electric aircraft that enable significant
improvements in greenhouse gas emissions and efficiency. With the use of specific example machines and devices
we explore key market niches and advantages.
High temperature superconducting wires are a thin ceramic film deposited upon a metal substrate and produced
in continuous long lengths up to 1 km. The very high engineering current densities achievable (up to 200 A/mm2),
make this a highly promising material for next generation power systems, high power motors and generators and
extreme field magnets. In order to deliver these high power density machines a number of discrete devices and
subsystems are required that overcome limitations of working with superconducting coated conductors.

Leon is Operations & Analysis Manager at Motovated Design & Analysis Ltd. His expertise primarily resides in the ability to utilise
simulation technologies to design better products and identify risks early on. He believes that a little math and physics can lead to
design clarity and deep product knowledge.

In this paper we discuss the development, and manufacture, of: a) Low ac-loss superconducting Roebel cable
that form a flexible winding cable. b) A new type of brushless exciter for HTS rotors, which is based on a dynamotype HTS flux pump, that doubles the cryogenic efficiency of rotating machines. c) A high speed superconducting
homopolar motor. We then show how this technology has been utilised to provide key performance enhancements
in application in a 1 MW HTS transformer and flywheel energy storage for subway transport usage.

Rod Badcock is the Deputy Director, and a Principal Engineer at the Robinson Research Institute at Victoria University of Wellington.
His research spans a wide range of topics encompassing the application of HTS technology, manufacturing engineering, materials
engineering, sensing, control and instrumentation. He has undertaken multiple commercial R&D projects for international and
domestic manufacturing companies.
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Manufacturing high-quality, low toxicity quantum dots
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Victoria University of Wellington
thomas.nann@vuw.ac.nz
Laufersky, Geoffry
Victoria University of Wellington
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Lein, Matthias
Victoria University of Wellington
matthias.lein@vuw.ac.nz

Colloidal indium phosphide (InP) quantum dots are an attractive alternative to the frequently used and studied
cadmium selenide (CdSe) ones. They luminesce in a similar range of the visible spectrum while being much less
toxic. Perhaps the most prominent application of InP quantum dots is in QD television screens as recently marketed
by several companies, for example Samsung.
Common synthesis methods that result in high-quality InP quantum dots require tris-trimethylsilylphosphine
((TMS)3P) as a reagent. Unfortunately, (TMS)3P is not commercially available in some countries including Australia
and New Zealand. This makes the synthesis of high-quality InP quantum dots extremely difficult for researchers in
these countries. Recently, Song et al. and Tessier et al. described a new synthesis method that does not require
(TMS)3P, thus allowing Aussis and Kiwis to fabricate InP quantum dots. Compared with the more hazardous
methods mentioned above, the new synthesis results in particles of moderate optical quality with a poorly
understood synthesis mechanism. We present a study aimed at uncovering the mechanism of InP quantum dot
formation using the non-(TMS)3P route, which resulted in high-quality InP quantum dots as a consequence.
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A Successful Model for University
Industry Cooperation with Case Studies
PEARSE, JOHN (PRESENTING AUTHOR)
Department of Mechanical Engineering, University of Canterbury
john.pearse@canterbury.ac.nz

A successful model for industry – university cooperation is described. This model is based on commercial testing
which provides a basis for the development of a relationship with a client and an understanding of their products
and business to be achieved. Commercial testing provides a way of establishing credibility with appropriate
procedures and practice and provides a vehicle to demonstrate commitment to the client’s interests.
Product development activities are then identified and developed largely based on this relationship. The economic
and research benefits can be substantial. These include facility utilisation, introduction to related opportunities as
well as the more obvious financial benefits which accrue to both organisations.
Some of the commercial testing undertaken for Government organisation can readily be transferred to commercial
organisations with an interest in related products or services.
A number of case studies are presented to illustrate the model. Factors involved in the success of the subsequent
relationship and products are described.

The author manages the Acoustic Research Group in the Department of Mechanical Engineering at the University of Canterbury.
He also teaches engineering design and acoustics. His research interests are in acoustics and noise control.

Our design-led approach employed density functional theory (DFT) to model and elucidate the redox properties
of InP quantum dot precursors for the ‘new’ method mentioned above. We explained the so-far unknown role of
zinc in the synthesis and modified the fabrication method to incorporate these findings. As a result, we obtained
InP quantum dots with tuneable optical properties of unprecedented quality using an up-scalable, low-hazard
synthesis method.

Thomas Nann is Alan MacDiarmid Professor of Chemistry at the School of Chemical and Physical Sciences at the Victoria University
of Wellington. His research interest is in the synthesis and application of different – mostly inorganic – nanomaterials.
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Competitive science funding that encourages failure!
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Science for Technological Innovation and Victoria University of Wellington
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Most parts of the NZ science funding system are highly competitive and encourage organisations to win and
then fight hard to retain funding. This can encourage projects that are evolutionary, built on past successes, and
relatively low-risk so they cannot be labelled as having failed.
To undertake the risky, revolutionary science likely to generate major economic transformation requires much
higher risk tolerance and acceptance of failure. Ideally any failure should be quickly recognised and the funding
redirected. Globally, at best 70% of projects deliver well with high quality project management*, while half of
these may be challenged**. Given their uncertainty, we would expect research projects to fail much more often.
However, currently reported failure is rare, is associated with loss of funding and carries a huge negative stigma,
and decisions to terminate projects tend to be slow and tortuous.
This paper explores mechanisms to change this paradigm being debated and trialled within the Science for
Technological Innovation (SfTI) National Science Challenge. Some key issues include:
• How to encourage organisations to bid high risk science e.g. should an organisation with a failed project keep
the funding for alternative research, should funding never be guaranteed for longer than 1 year, how to assess
quickly and cost-effectively across a wide range of science that rewards risk?
• How to make a fast decision on failure e.g. who deems failure; can organisations self-report rather than require
external review; can stage gate milestone expose failure appropriately?
• How to minimise the effect of failure on organisation and researcher job security?
• How to keep the project oversight costs low?
The paper will argue that fast-failure with competitive funding need not be an oxymoron but requires significant
shifts in how science funding is administered and how the research community perceives failure.

* Pulse of the Profession 2017. Project Management Institute. https://www.pmi.org/-/media/pmi/documents/public/pdf/
learning/thought-leadership/pulse/pulse-of-the-profession-2017.pdf
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A Collaborative Approach to the Development of an ETCO2 Signal
Generator for the Hartwell Simulator Immersive Clinical Trainer
MOREHOUSE, GREG (PRESENTING AUTHOR)
Managing Director
Motovated Design & Analysis Ltd
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Biomedical Engineer
Medical Physics & BioEngineering, CDHB
Michael.Sheedy@cdhb.health.nz

Hartwell, Daniel
Anaesthetic Specialist and Simulation Lead
Hartwell Simulation
Daniel.Hartwell@cdhb.health.nz
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Electronic Solutions & Business Management
Brush Technologies
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Anaesthetists rely on End Tidal carbon dioxide (ETCO2) readings displayed on anaesthetic monitors to indicate
a patient’s breathing patterns. Dr Dan Hartwell, an Anaesthetist at Christchurch Hospital, recognised a need to
generate ETCO2 values when simulating crisis events in a real operating theatre using real monitoring equipment.
Working closely with Michael Sheedy, in the Medical Physics & Bioengineering department within Christchurch
Hospital, they were able to create a basic working prototype capable of producing varying ETCO2 waveforms in late
2016.
The breadboard prototype needed to be developed into a commercial prototype for customer testing.
Unfortunately time was getting short, as exposure to industry was planned for mid-2017. 5 pre-production
prototypes were desired for the Australian Simulation Congress meeting. From an engineering point of view it
needed to be intuitive, robust and safe. Motovated Design & Analysis was retained to ensure the reliability and
timeframes could be met. Motovated recognised the need to involve some additional expertise and so reached out
Brush Technology for software, hardware and electrical engineering support.
Motovated and Brush worked closely with Michael Sheedy to meet the aggressive deadline. Pre-production
prototyping was complete in time for the Australian Simulation Congress meeting as promised. 3D printed parts
where used to reduce lead times and development costs. Initial testing in the operating theatre validated the
performance of the ETCO2 device, alongside the Hartwell Simulator.
The collaborative approach of the CDHB and VIA Innovations using industry commercialisation experts allowed
this cross disciplinary product to be developed, tested and presented to industry in a very compressed timeframe.
Doctors, Clinicians, Biomedical experts working with mechanical & electrical engineering commercialisation
experts to create a great outcome in a very short time!

Greg is the Founder and CEO of Motovated Design & Analysis. Graduate course work in Finite Element Analysis (FEA) progressed to
verifying Hercules Aerospace tool designs for the US Airforce, and validating and designing tools for Boeing. Motovated’s mission is
to engineer our client’s visions, on time and within budget!

** Chaos Manifesto 2013, The Standish Group International. https://www.versionone.com/assets/img/files/
CHAOSManifesto2013.pdf

Don Cleland is Professor of Process Engineering in the School of Engineering and Advanced Technology at Massey University and
the Theme Leader for Materials, Manufacturing and Design in the Science for Technological Innovation (SfTI) National Science
Challenge. His research interests are industrial refrigeration, heat pumping, energy efficiency and food processing.
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When we work together, we can achieve great things

Integration — It is not just about connection
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Prince, Jonathan
Caliber Design
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IMS Projects Limited
adrian.packer@ims-projects.co.nz

We are a small country, but we punch above our weight on the global stage. To compete, New Zealand
businesses need to innovate and collaborate; using our collective skill sets to make collective gains.
Caliber Design is an engineering, analysis, and mechanical design consultancy with offices in Auckland,
Hamilton, and Christchurch. We work closely with Universities, Callaghan Innovation and other Economic
Development agencies, and Industry. We know the people. We know the industry. We specialise in pulling
teams together to get the job done. We are passionate about developing world class products that make a
difference.
In this presentation, we’ll share how we’ve built our business model around collaboration. We’ll show case
some success stories and let you in on some of the lessons we’ve learnt along the way.
By working together, we help our clients and collaborators reduce their risk and make better products. We
support them through design, development, and commercialisation. When we work together, we can achieve
great things.
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This is a case study presentation for next generation integration services using semantic (AI) technologies.
FeatureIT Limited have been providing solution integration to SME and Medium size manufacturing clients for the
last 5+ years.
The presentation will evaluate the benefit of mitigating growing technical debt through a better integration
platform.
Integration benefit – integration framework independent of solution implementation
When integrating multiple sales channels to a single inventory system – why a point to point (1st generation)
integration is not a long-term solution. Here I will discuss how a solution dependent integration endpoint can
easily break. I will then outline a more durable domain information model approach to integration and why this has
strategic longer-term value. Case Study – solution provider API updates and customer sales workflow changes over
5 years.
Integration benefit – Virtual data transformation
When local data variation makes group reporting impossible an advanced integration platform can transform your
existing data into a new conformed context without updating all the existing records in source systems.
Case study for 30 instances of ERP financial module with data model variations to a single web-based group
financial dashboard application. How integration transformation rules can manage a layer of historical business
data input while providing a new group reporting capability.

Simon Hall is Design Manager at Caliber Design. He has worked in mechanical design roles for Fisher & Paykel, Compac
Sorting Equipment, Advanced Aerospace, Tru-Test, PTL, and Service Engineers. Simon gives back to the industry through his
active involvement in Engineering New Zealand (formerly IPENZ).

Integration benefit – Ability to migrate easily as you grow
As your business grows you will inevitably outgrow your current software solutions. Here I will discuss the ability
to migrate parts of your solution over time rather than all in one ‘big bang’ implementation. I will also cover how a
good integration framework will provide the basis for interpreting historical data and maintaining a full audit trail
from legacy solutions to new solutions going forward. Case study – helping our earlier clients migrate again.

Penny Anderson is Co-founder, Solutions Director for FeatureIT. Her passion - information and how it informs design. Penny
has 20+ years working with IT and business stakeholders from multinational banking & insurance corporations to local retail &
manufacturing SMEs. Her experience includes the varied world of solution integration.
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Tribology Research at Auckland University of Technology

Internet of Things: Trend, Technologies, and Evolution

RAMEZANI, MAZIAR (PRESENTING AUTHOR)
Auckland University of Technology
maziar.ramezani@aut.ac.nz

Little, Stuart
National Instruments
stuart.little@ni.com

Tribology plays an important role in almost all aspects of modern technology where one material slides or rubs
over another and tribological performance is a crucial factor for engineering design. It is immensely important
to the successful operation of engineered machines and natural mechanisms of all scales, and demands
multifunctional surfaces.
Tribology is core to future transport and energy-efficient machines, the control of emissions and lowmaintenance renewable energy systems, and to biomedical applications. In order to develop advanced
components for these applications, it is necessary to understand and control basic friction, wear, and
lubrication processes at the sliding interface.
Tribology and Surface Engineering Lab at Auckland University of Technology is a multidisciplinary lab
conducting research in different aspects of tribology. This presentation will introduce some of our current and
past research projects and our facilities and capabilities. We have an extensive range of industrial expertise on
tribology-related problems that can be provided to New Zealand industry through joint projects, consultancy
and problem-solving services.

Dr Maziar Ramezani is a Senior Lecturer in Department of Mechanical Engineering, Auckland University of Technology. He is the
founder and director of Tribology and Surface Engineering Lab in AUT. His research activities can be broadly divided into four
main categories: tribology, additive manufacturing, metal forming and composite materials.

Oral Abstracts

CHEN, YU-AN (PRESENTING AUTHOR)
National Instruments
yuan.chen@ni.com

The Internet of Things (IoT) is the vision of connecting everyday items such as phones, bicycles, and even white
goods, to the internet. Thanks to faster and more efficient network, IoT is also converging the traditionally isolated
industrial assets; Operational Technology (OT); to the consumer network; Information Technology (IT).
With a focus on industrial assets, managers are striving to reduce asset downtime and increase performance.
Equipping these assets with connected and synchronized measurement and control technologies unlocks insights
that can increase uptime, boost performance, and drive innovation all while reducing operational costs. Those
insights, however, hinge on the availability of accurate and reliable real-world data, resulting in computing moving
closer to the machines.
With the need for computing to occur closer to the asset, cloud tools, machine learning algorithm and various
business intelligence integration, IoT application developers are facing design challenges from implementation to
integration of technologies.
In this presentation, explore the key trends and technologies being used in IoT applications today. As well as, how
National Instruments (NI) is working with customers and technology partners to standardize the challenges faced
by developers.

Stuart Little, B.Eng (Electrical), Technical Consultant – Auckland Region, National Instruments
Since joining NI 5 years ago, Stuart has been responsible for running training courses, providing technical support, and more
recently being at the frontline in Auckland to help companies solve challenges in a variety of applications and industries that
involve test, measurement and/or control.
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Building an Industry 4.0 network guide for New Zealand

Driving Industry 4ward
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Many industries around the world and in New Zealand are currently facing the challenge of ‘digital convergence’:
digital data is becoming more widely available and accessible. Companies need to figure out how to best integrate
digital data into their existing products and processes in order to build a solid foundation for staying in business
and to realize growth opportunities in the near future.
Moreover, we see entirely new opportunities arising through the smart use of data, which have the potential to
disrupt long-standing industries through radically different business models. The term ‘Industry 4.0’ has been
coined to summarize all these developments, that are expected to lead to a fourth industrial revolution over the
next two decades. The Industry 4.0 process or development of digitalisation, will require boosting digital skills and
investing in education and training that will be useful in an automated world.
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The term “Industry 4.0” has been discussed so often in recent times. But what is the meaning of this term and how
will it impact the future of manufacturing. Industry 4.0 is a project of the future initiated by the German industry. In
Europe, research and industry are dealing with Cyber-Physical Systems, in America with the Industrial Internet, and
in Asia, there are similar initiatives, all aiming at the intelligent factory.
The presentation will cover the Industry 4.0 concept, provide real life examples of adopting Industry 4.0 initiatives
within the manufacturing, agriculture and dairy Industries. Then discuss the steps needed to transition towards
Industry 4.0 by developing a digital strategy that incorporates real time traceability, improved safety and predictive
maintenance (through Artificial Intelligence).

Sean Carter is a thirty three year veteran of the Australian electrical industry and has served in a number of roles as diverse as
applications engineering and design through to sales and marketing. Originally trained as an electrician, Mr Carter has worked
with companies ranging from large multinationals such as Siemens through to small Australian family owned businesses. After a
spell managing the Victorian manufacturing facility of an Adelaide based company, Sean was proud to take up a position in 2011
as a product manager with SICK Pty Ltd (Australia/New Zealand) and currently manages their laser distance, ultrasonic distance,
and LiDAR sensor portfolio.

From a technology perspective, Industry 4.0 has become a container for a large and diverse number of digital
technologies, including sensors, AR/VR, Artificial Intelligence, Internet of Things, etc. Keeping pace with all these
rapidly evolving technologies is a real challenge, for small and medium sized companies even more so.
Hence, Callaghan Innovation, in collaboration with EMA and The Manufacturers’ Network have developed a
navigating system through the growing Industry 4.0 landscape in New Zealand. This system is designed to act as a
guide for users (companies, researchers, others) looking for relevant providers of digital technology and data.
The guide establishes a high-level taxonomy for Industry 4.0, introducing a small number of categories. Providers
are assigned to these categories, based on their core offerings.
We will present the current status of the guide itself, as well as other related activities and initiatives in the field.

Robert Blache is the National Technology Network Manager for Advanced Manufacturing at Callaghan Innovation. His main focus
is on identifying and promoting new and emerging technology opportunities, relating to Industry 4.0 and 3D Printing/Additive
Manufacturing.
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PC-Based Automation provides a solid technological
foundation for Industry 4.0 architectures

Drag and drop robots! Increasing robotic
freedom in uncontrolled environments

PEARCE, NEIL (PRESENTING AUTHOR)
Beckhoff Automation Limited
n.pearce@beckhoff.co.nz

MCMEEL, DERMOTT (PRESENTING AUTHOR)
Creative Arts and Industries, The University of Auckland
d.mcmeel@auckland.ac.nz

Industry 4.0 or Industrial IoT is a hot topic in the world of smart / high-tech manufacturing at present and there are
different perceptions out there as to what it is, what the benefits are, how it needs to be implemented as well as
potential risks and associated costs.
The focal point of Industry 4.0 is commonly identified as the convergence of IT (Information Technology) and AT
(Automation Technology); the resulting technology is PC-based Control; an automation solution that German based
BECKHOFF Automation has pioneered for over 30 years.
BECKHOFF Automation is one of the driving forces among the 24 core companies of “it’s OWL” which is considered
to be the largest and most concrete projects in the context of Industry 4.0 and has delivered two projects for
Scientific Automation and eXtreme Fast Automation applications.
BECKHOFF Automation’s control platform is known as TwinCAT 3. The TwinCAT software transforms almost any
PC-based system into a real-time control with multiple PLC, NC, CNC and/or robotics runtime systems. The
TwinCAT engineering and control software, integrated into the Microsoft® Visual packages are available for the
creation of applications such as Big Data, pattern recognition as well as condition or power monitoring, in addition
to traditional control tasks – which can sustainably increase production and engineering efficiency as a result. New
software libraries are now available for advanced analytics and communication between controllers and cloudbased services. TwinCAT Vision seamlessly integrates machine vision into automation technology.
With PC Control as a globally accepted platform that supports the ADS, EAP and OPC UA protocols, the
prerequisites for the universal vertical and horizontal integration demanded by Industry 4.0 are already fulfilled.

Neil Pearce is the Managing Director of Beckhoff Automation Limited and has been working with industrial automation and
industrial communication technologies for the last 15 years. His roles have included engineering, sales, project management and
business management within automation companies in New Zealand and South Africa.
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Battley, Mark
CACM, The University of Auckland
m.battley@auckland.ac.nz

In this presentation we will report on an ongoing research into how emerging technologies can assist with highly
specialised, precise and complex design, manufacturing and assembly processes. This project investigates the use
of general purpose robotics to build a composite ‘igloo’ structure. Specifically we are exploring techniques that will
allow for a robot to be easily moved around a workshop space and collaborate with people on assembling a larger
object than possible from a fixed location.
Within the burgeoning field of digital fabrication there are two main obstacles that reoccur. Firstly the technology
dictates the size of thing that can be fabricated, be that a small 3D printer, mid-range CNC router or the vast
Poseidon KX5; they all have a limited fabrication volume. Secondly these precision machines require very accurate
calibration to achieve precision. In this research we investigate how we can manually reposition a general purpose
ABB manufacturing robot in a workshop to facilitate the assembly of a considerably larger object than can be
achieve with the robot in a fixed location. To overcome the problem of calibrating the new robot position, we
will be using an Optitrack system in combination with parametric design software to investigate techniques for
recalculating the robots position then automatically rewriting the instruction set to continue assembling from
the new position.
There are three aims of the research (1) develop techniques to overcome the aforementioned obstacles
of digital fabrication specifically general purpose robotics, making them more accessible and easy to use.
(2) Overcoming limitations of size and calibration create new markets and applications in sectors such as
construction and deconstruction which have a severe lack of human capital and drastically need to increasing
productivity. (3) Explore methods for collaborating with robots in ‘uncontrolled’ environments.

Dermott McMeel is a lecturer and researcher in Design and Digital Media at the University of Auckland. He has degrees in
Architecture from the Queens University in Belfast (1995, 1999) and a PhD (The Artistry of Construction) from the University
of Edinburgh (2009). His research focuses on the social, organizational and cultural disruption that technology causes in the
built environment. He has sustained a critical enquiry into how architecture, public space and design processes are influenced
by various communication technologies through a variety of installations, funded research, journal articles and conference
publications.
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PIMs, AIMs and the path to the elusive 'digital twin'

OOTB Industry 4.0 Apps for SMEs with optional AR Interaction

FULTON, BERNARD (PRESENTING AUTHOR)
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Bernard.Fulton@fonterra.com
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LEAP Australia
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Asset information is increasingly at the heart of manufacturing industry. Fonterra have long recognised the need
to gather, create, and give their operating teams’ access to, accurate and up to date asset information. Accessible
and accurate information allows staff to make the best decisions, in the least time driving value creation for
Fonterra’s business.
The complexity (and value) of asset information is increasing with the age of digitalisation. Industrial clients
are struggling with utilising, maintaining and extracting value from the rich information now available to them.
Consequently, the opportunity translate this information into operational benefits is often missed: Common
issues include:
•
•
•
•
•
•
•

What information is required to improve performance
Integrating the information into “operations”
Making it accessible to stakeholders
Managing the quantity & accuracy of the information
Knowing where the gaps are
The skills and effort required to maintain it
Knowing how will this information be used in the future

Fonterra has embarked on a journey to radically change the way they approach asset information management.
In partnership with Beca, Fonterra is applying Building Information Management (BIM) processes to their current
cream cheese plant project in Darfield. Information models that link the asset’s 3D geometry on site with other
asset information sources have been created. This begins with the creation of information models for use by the
greenfield project team (PIM) that will migrate to a model for use during the operational life of the asset (AIM).

It is increasingly clear that companies worldwide need a rapid way to deploy and benefit from Industry 4.0
technology – starting with connecting their networked devices through the Industrial Internet of Things. The
new ThingWorx Manufacturing Apps provide an Out of The Box (OOTB) option for IoT, giving you enhanced
visibility, productivity and performance across your manufacturing environment with the benefits of a fast and
easy deployment. These OOTB role-based apps provide you with pre-configured connectivity to your industrial
equipment and provide visibility of real-time data to the people who need it, when they need it.
Digitisation is now impacting every aspect of business—from Operations and IT to financial forecasting,
customer relations, and sales.
Traditional IoT offerings are often restricted to a single business aspect, protocol, or standard. Instead of
needing to integrate multiple solutions across several business functions, companies can now utilise the
ThingWorx IoT Platform from PTC to enable company-wide device-to-cloud connectivity with one overarching
toolset. Utilised as a single source of smart solutions for IoT, the ThingWorx platform can provide analytical
insight into a company’s data through business system integrations and industrial connectivity, streaming data
from ERP, PLM, CRM as well as the IoT Gateway into Big Data analytics, as well as enable remote equipment
monitoring from a centralized dashboard to promote predictive and proactive maintenance.
Augmented Reality (AR) technology is also a core Industry 4.0 technology that is being used to enhance
the design, manufacturing and in-service stages of products and manufacturing processes. Also utilising
Thingworx IoT connectivity to overlay real-time data on equipment to be viewed in-context, with measurable
benefits to the training of new staff and in providing in-context feedback on faults and remedies to remote
maintenance technicians. Allan will showcase AR with a live demonstration of how to create and interact with
AR experiences using both the Microsoft Hololens and consumer smartphones/tablets.

Allan Thompson is PTC Technical Manager at LEAP Australia. For 19 years, Allan has worked with companies across ANZ
as they transform the way they develop, design and service their products though Digitisation, including Industry 4.0
technologies such as IoT, Augmented Reality (AR), CAD/CAM/CAE and PDM/PLM.

So what’s the big deal? A 3D file structure for asset documents? No, this is only the start of this opportunity for
Fonterra. The first steps to unlocking the multitude of ‘Industry 4.0’ opportunities including the Shangri-la of it all...
a complete ‘Digital Twin’ that Fonterra can use to view both current asset status as well as testing future scenarios!

Bernard is Fonterra’s Group Asset Manager. His career covers designing, building and operating Manufacturing & Utilities plants
in Europe, Africa & Asia. His current role is the life cycle management of Fonterra’s assets globally and to lead Engineering &
Maintenance disciplines in this regard.
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New antimicrobial and antifouling coatings
for industrial and consumer applications
JOHNSTON, JIM (PRESENTING AUTHOR)
Victoria University of Wellington
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Inhibit Coatings Ltd
eldon.tate@inhibitcoatings.com

Inhibit Coatings Limited is a New Zealand based start-up company producing antimicrobial coatings using
technology developed at Victoria University of Wellington by Prof Jim Johnston and Dr Eldon Tate. It is affiliated
to the NZ Product Accelerator. The coatings are initially targeted for use in food safety, food processing, medical
and HVAC applications. Traditionally antimicrobial coatings trade off antimicrobial activity and the physical (i.e.
wear and tear) properties of the coating. Either the hard-wearing characteristics of the coatings are compromised,
or there isn’t enough antimicrobial agent to elicit an effect. However, this is not the case with Inhibit’s technology.
The company is also developing a marine antifouling coating and is progressing the performance testing and EPA
compliance aspects of this.

Fisher & Paykel’s stated goal is to be the #1 Premium Appliance Brand globally. The perception of product quality
is a key part of achieving this. In turn, the feel of the dials is one of the most important touchpoints for a product.
Dial feel is a complex mix of a number of human factors and perceptions, including combinations of torque, wobble,
noise, backlash and looks. In its product design Fisher & Paykel use a Learning First approach, derived from Toyota’s
design practices. In this system, we aim to have deep understanding of the Customer Interests in any given system.
So we seek to move beyond “That dial feels nice” through quantifying the subjective to having limit and trade-off
curves for many of the factors involved.
Aathira Nair, a Summer Student from the University of Auckland Engineering School, has helped us develop
a method of testing for dial wobble, defined as the free motion of a dial with an applied force resulting in a
displacement. This method was then applied to a number of products, both F& P and competitors and checked
for statistical significance. This was cross checked with a small user survey of the same products.
This presentation will discuss the factors contributing to dial feel, a brief introduction to Learning First and Aathira’s
finding leading to a defined test procedure for dials.

Inhibit Coatings uses a unique silver nanoparticle functionalisation method that produces physically robust, low
leaching and long life-time antimicrobial coatings. The technology produces silver particles evenly dispersed
throughout the polymer coating and chemically bound to it. Only very small amounts of silver are required —
typically less than 0.1% — thanks to silver’s excellent and well documented performance as an antimicrobial
agent, with proven activity against over 650 different microorganisms.
The antimicrobial technology has been applied to a number of coating systems including acrylics, epoxies and
polyurethanes. Independent laboratory testing of these coatings has shown them to be effective at reducing
Escherichia coli, Staphylococcus aureus and Listeria monocytogenes by over 99.997%, and to have retained this
antimicrobial activity after numerous cleanings with common cleaning agents, making them ideal for food safety,
medical and HVAC, amongst other applications.
An overview of the innovation and technology, company development and the product applications will
be provided.

Professor Jim Johnston has a Personal Chair in Chemistry at Victoria University of Wellington. He is a Principal Investigator in the
NZ Product Accelerator. He works at the university-industry interface where he is recognised nationally and internationally for
his research contributions and achievements in materials science, nanotechnology and new chemical technologies and product
developments.

Simon Brown is a Senior Specialist involved in Customer Interfaces at F&P in Dunedin. With 30 years’ experience including being a
Chief Engineer (Cooktops). He is also involved part time outside F&P in the production of high end audio gear.
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New surface processing technology for New Zealand manufacturing

Virtual Gemba Walks
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Surface properties are often key to high performing products and industrial systems. Whether you are working with
heat-exchangers, the maintenance of a food processor, or designing transparent windows and panels, optimising
the surface properties might be a solution.

“Gemba Walks” are routinely used by Fonterra to transfer knowledge to personnel who attend one of their
Manufacturing Sites and Distribution Centres around New Zealand. A Fonterra Gemba Walk involves a walk
‘facilitator’, who knows the facility and process well, leading one or more ‘trainees’ in a structured tour of the
facility. These tours familiarise trainees with the manufacturing environment and inform them of potential hazards
to people, to the environment, to the equipment and to the quality of the manufactured product along with other
site specific knowledge.

Ion beam surface modification (IBSM) processes involve atomic or molecular ions hitting a surface at high velocity.
Because of the high energy involved in the process, IBSM can be used to largely alter surface composition and
properties of a materials. For example, IBSM processes can: change the topography allowing smoothing or
nanostructuring the surface; affect the wetting properties – affinity or repellence to water or oils; or even to imbue
antimicrobial properties to a surface. Thus, IBSM can enable original designs and solutions
To date, IBSM have mostly been applied to the microelectronics industry. However, over the past decade, we have
been demonstrating these processes that are relevant for New Zealand industry. We have recently developed an
IBSM system which is capable of modifying large planar glass, metal and plastic surface. Only a handful of systems
worldwide can be used to deliver this type of surface modification at these scales.
In our presentation, we will introduce further the platform technology and our prototype capability. We will then
demonstrate its benefit on selected case studies. Most importantly, we will invite questions and suggestions to
gauge how this technology could be applied in your field of interest.

Dr Jérôme Leveneur is a materials scientist and innovator at GNS Science. He received his PhD in Chemistry from the University of
Auckland in 2013. His research focuses on the development and application of new ion beam processes and nanotechnologies
(nanomagnetics, nanocomposites, magnetoelectrics) to solve broad industrial challenges.

Gemba Walks are a valuable tool for Fonterra however they have known limitations including;
• Walk facilitators are often a scarce resource.
• Walk knowledge remains with, and can be lost with, individual facilitators.
• Walks are ‘synchronous’ activities requiring facilitators and trainees to physically be
together on site which can take time to arrange.
• Walks require trainees to be close to hazards in order to receive training and familiarise
themselves with them.
To overcome these limitations, and to explore new opportunities, Fonterra are investigating the use of virtual reality
(VR). Working in partnership with Beca, Fonterra have developed a proof of concept ‘virtual’ Gemba walk. Beca
were approached due to their known technical expertise in producing VR products to support industrial clients. The
virtual walk is completed in an immersive virtual environment and provides site familiarity and knowledge transfer
to trainees. The virtual walk also tests trainee’s knowledge and provides metrics that allow Fonterra to assess
training effectiveness and improve future virtual walks.
The proof of concept is being tested within Fonterra. Initial results are extremely positive with respect to site
familiarisation. The effectiveness of the transfer of site specific knowledge requires analysis of the metrics of a
larger test audience which will be complete mid-April 2018.

Peter Laurent is Health & Safety Risk and Projects Manager, he has been with Fonterra for 18 years and has had considerable
experience in Operations and Continual Improvement at site level as well as the current Health & Safety activities the Risk & Project
team are involved in.
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viable ultra-fast laser materials processing
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Open innovation literature suggests that searching externally for knowledge and new innovations are important for
optimising the innovation outcome in organisations. This paper suggests, that instead of focusing only on accessing
external knowledge and other innovation inputs, knowledge organisations such as universities and R&D-based firms
need to put more focus on how to identify interesting problems externally. These problems should be aligned with
the problem-solving capacity available in the organisation.

Simpson, M. Cather
a Department of Physics & School of Chemical Sciences, The University of Auckland,
b Photon Factory, MacDiarmid Institute for Advanced Materials and Nanotechnology
& Dodd-Walls Centre for Photonics and Quantum Technologies
c.simpson@auckland.ac.nz

Following this perspective, it becomes important to understand how organisations identify and access such
problem-rich environment. Focusing on accessing a problem-rich environment will also have internal organisational
implications. The organisation of the innovation process will depend on the problems it is attempting to solve, not
so much the solutions it plans to create. Specifically, understanding the problems and problem-rich environment,
which the organisation operates in, becomes an important precursor to choosing the innovation methods to solve
these problems.
This study aims to conceptualise the problem-rich environment. Specifically, we delineate the boundaries of
problem-rich environments comparing to other environments. Through an in-depth explorative case study on
The Photon Factory, we characterise innovation-worthy problems, identifying key characteristics of organisations
trying to access and innovate for the problem-rich environment.
The main contribution of this study is in conceptualising the problem-rich environment. We argue that sources
of innovation are not only coming from external or internal sources, but also from the organisation’s environment.
We show that research agenda in research institutes is set through the problems they see or face from the
operating environment.
The main practical implication is that, instead of imitating local and overseas competitors, organisations
should focus on creating solutions to address the problems offered in the problem-rich environment. Working
collaboratively with universities, suppliers, and customers would enable the development of solutions targeted
at specific problems arising from such environment.

Kenneth Husted is Professor of Innovation and Research Management, and Head of Department at the Management and
International Business Department. His research interests are in innovation and research management, knowledge management,
and research commercialisation.
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Femtosecond laser pulses have shown the ability to perform extremely precise cutting of a wide variety of materials
with increased precision and quality compared to traditional machining techniques. Their extremely short pulse
widths have the ability to cut and shape materials through a ‘cold-cutting’ mechanism, making them useful tools
when avoiding excessive heating of the material is crucial. Despite these benefits, femtosecond lasers have yet to
be implemented widely in industry due to their slow processing speeds when compared to mechanical tools.
Using a femtosecond pulsed laser system (pulse width = 130 fs, repetition rate = 500 Hz, λ=800 nm) as our
primary ultrafast laser source, we investigate a multitude of laser properties to tailor the machining of a variety of
materials and enhance machining efficiency for applications in industry. Meanwhile, we observe the quality and
ability to cut a wide variety of materials, from biological hard tissue such as bone to transparent materials such as
quartz and fused silica.
Implementing Liquid Crystal on Silicon Spatial Light Modulator (LCoS-SLM) technology we can alter the intensity
profile to any arbitrary pattern in three-dimensions whilst also investigating the effects of machining efficiency
using complex beam types such as Bessel and vortex beams.
In addition, the ultrashort pulse widths allow us to produce multiple wavelengths of light through second harmonic
generation. With access to these wavelengths, we can observe the effect on ablation efficiency when machining
with multiple pulses of different wavelengths arbitrarily separated in time.

Dr Claude Aguergaray is a Senior Research Fellow at the Photon Factory. He obtained his PhD in 2007 from the University of
Bordeaux (France). His research focusses on the design of custom laser sources, fibre laser, laser micromachining, and laser
industrial and medical applications of laser.
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The particulate injection moulding fabrication process.
Are micro-scale products viable?
EWART, PAUL (PRESENTING AUTHOR)
Waikato Institute of Technology
paul.ewart@wintec.ac.nz

Advances in consumer technologies are enabling a variety of products to be developed using novel approaches
to historical manufacturing processes. The sophisticated fabrication process of particulate injection moulding
is one such process, ideally suitable for the production of components 1 to 100g. Derived from the merging of
technologies from the powder consolidation sector to the polymer injection moulding industry it is one of the
fastest growing areas of the mid volume manufacturing sector.
This paper presents a review and analysis of a range of NZ products produced from titanium metals. A focus on the
drive to size reductions and the requirements that arise from such miniaturisation is seen through comparisons
between current products, products under development and targeted future products.

Paul Ewart an academic and researcher at Wintec, Hamilton graduated from the doctoral programme at the University of Waikato
2015. He is a recipient of the QEII technicians award, a Fulbright Fellow and co-founder of AME technologies. Research interests,
materials design, CAE and prototyping, manufacture processes and product commercialisation for health and well-being.
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Achieving Product-Market Fit is the Key to Success
MCDERMOTT, OLIVER (PRESENTING AUTHOR)
Blender Design Ltd
ollie@blender.nz

About
There is one mistake that entrepreneurs, startups and even experienced businesses continuously make that kills
products and waste huge amounts of resources. This mistake is that they are simply not achieving product-market
fit. It’s doesn’t take a genius to know that for a business to be successful they need to make something the market
wants, yet, so many fail. Why? Mostly it is because product development teams are so focussed on the solution
rather than the problem and the market. Achieving the right product-market fit is the difference between success
and failure. By following a disciplined process, success can almost be guaranteed.
Approach, findings or results
With ten years of experience turning ideas into successful products, Blender Design Ltd has formulated a winning
New Product Development process. A process which prioritises product-market fit, true problem solving, user
experience and design-led engineering. Blender’s proven NPD process delivers products with the right productmarket fit and true competitive advantage. Following the right process reduces risk, speed up time to market, and
therefore increase the chance of success.
Conclusion
It’s not just about the idea, the design, the engineering or manufacturing - it is about solving the real problem and
coupling the different disciples together with user-centred design. Before diving into creating a product, businesses
must ask “what do we uniquely offer, that people desperately want?”. Through following a proven process and
achieving the right product-market fit, more successful products will be made. This will allow New Zealand
companies to really show the world how great products are made.

Oliver McDermott is the Managing Director of Blender Design. Oliver has over ten years of experience creating successful (physical)
products. He has developed and perfected a winning formula for repeat success. Oliver is a national leader in looking for new and
novel ways of designing and developing successful products.
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How provenance can support NZ manufacturing
HAINES, RUSSELL (PRESENTING AUTHOR)
Memory
russell@memoryxdesign.com

One of the first things we like to know about people when we meet them is where they’re from and what their story
is. The same is true for products.
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How did we create the next generation
of gas leak sensors – using Lasers!
MAHAPATRA, OJAS (PRESENTING AUTHOR)
Photonics Innovations Ltd
ceo@photonicinnovations.com

With new processes changing the way products are produced, countries like NZ can get to cost and leverage a
reputation for quality, sustainability & personality to compete globally.

Existing chemical sensing technology suffers from very high unreliability and maintenance costs (needs regular
calibration, sensor replacement and gives false alarms). The chemical sensing element gradually degrades after
reacting with the target gas and starts giving inaccurate readings/no readings without any heads up.

1. What is the NZ story?
What is the worldview of New Zealand & what characteristics can we communicate that are relevant to the way
products of the future will be produced?

If you are a worker inside a hazardous gas filled space (mine, metal making, oil and gas) you need to trust the
sensing equipment to give you right readings at all times otherwise the consequences can be detrimental (We all
know about Pike river tragedy).

2. Isolation as an asset:
Leveraging our location (Isolated = independent) to communicate the values, which align with what is expected
of future products.

Photonic Innovations specialises in laser based gas leak sensing. The laser based technology does not degrade
and stays accurate and reliable throughout its lifetime. The products also do not need any calibration, sensor
replacement nor give false alarms thereby eliminating significant maintenance costs. The company is currently
focused on refrigerant (ammonia) leak detection in the food processing sector and is set to enter market verticals of
Oil and gas, Mining etc in 2019. All PIL products are IoT enabled which means the management can keep an eye on
their sites and the health of their units from anywhere in the world.

3. Our people are our story:
Products of provenance come to life through the context of where the work is done and by whom. NZ’s rich
tapestry of cultures (expertise) is a means to communicate quality and authenticity.
4. Transparency delivers value:
When developing partnerships to deliver complex products, honesty and trust is key. The fact we are able to pull
back the curtain on where our products are made and by whom is key.
5. Innovative DNA is unique:
New Zealanders ability to problem solve and innovate from the factory floor to the boardroom ensures
development stays in motion as complex problems can be resolved at all levels of operation.

With a manufacturing facility in Dunedin and Christchurch the start-up is making waves in the gas detection
community worldwide and has garnered interests from multinationals like Honeywell, Drager, NASA etc.
The technology has originated in the University of Otago and is an awesome commercialisation story of how the
products travelled through a lab on bench, prototype, pre-production and finally to a saleable model.

Russell Haines / Design Director / memoryxdesign.com
Russell designs & delivers quality product solutions for the worlds leading technology companies. Working between Auckland and
Beijing, Russell bridges insight with technology to design and build innovative hardware products and brands.

Dr Ojas Mahapatra is the CEO of Photonics Innovations Ltd. Well known in the gas detection community as one of the pioneers in
laser based gas leak detection, he was also the recipient of prestigious Prime Minster’s Business Award 2017. He is an Alumni of
London Business School and has a PhD in Physics form University of Canterbury.
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Computational alignments: new territories in
indigenous Parametric Design and Fabrication
KAWITI, DEREK (PRESENTING AUTHOR)
Victoria University of Wellington
derek.kawiti@vuw.ac.nz
Gordine, Stacy
New Zealand Māori Arts and Crafts Institute Rotorua, New Zealand.
stacy @nzmaci.com
Wilson, Craig
CEO Kilwell Sports Group, Rotorua, New Zealand.
Craigw @kilwell.co.nz

The use of contemporary (parametric) digital design tools and fabrication to model and construct Maori geometries
is only recently enjoying limited exposure. This paper examines this important shift through discussing the design,
3d modelling and fabrication process for the construction of a large scale civic sculpture for the Rotorua town
southern gateway. The project, associated with the New Zealand Māori Arts and Crafts Institute (NZMACI) explores
contemporary variations on the traditional spiral/helix geometry or Takarangi. Modelled and detailed for fabrication
using parametric tools and its subsequent construction (to be completed 2018) using small scale 3d printing and
carbon fibre, highlights various technical and cultural tensions.
The project challenges a narrow definition of Maori art as ‘ornament’ through the analysis of the sculptures inherent
structural efficiencies, inadvertently arguing for deeper consideration of the performative efficacy of pattern and
line found explicitly in the articulation of surface (ornamentation), figure, and topography widespread in Māori
material culture. The correspondent alignment between aspects of parametricism and ‘natural’ Māori figurative
geometry is a key focus. Key challenges around rapid prototyping and hybrid digital fabrication processes will also
be discussed.
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Remote Monitoring of Handwashing Practice in Hospitals
DEVA, MANEESH (PRESENTING AUTHOR)
Waitemata District Health Board
Maneesh.Deva@waitematadhb.govt.nz
Powell, Jake
The University of Auckland
jrua469@aucklanduni.ac.nz
Nedoma, Alisyn
The University of Auckland
a.nedoma@auckland.ac.nz
Smith, Anton
The University of Auckland
asmi803@aucklanduni.ac.nz
Stringer, Jonathan
The University of Auckland
j.stringer@auckland.ac.nz

Poor handwashing practice in hospitals is linked to healthcare associated infections, which affect 1 in 25 patients.
The World Health Organization estimates that these infections are responsible for financial losses on the order of
tens of billions of dollars and that complications arising from these infections lead to millions of deaths annually.
Despite this, the accepted ‘gold standard’ time for hand washing in health care settings are unfortunately not met.
At least twenty seconds of handwashing can change these statistics by removing sanitizer-resistant pathogens,
like Clostridium difficile. The demand for a technological intervention that will not only remotely and anonymously
monitor the frequency of handwashing in the hospital but also provide healthcare workers with a visual display of
the elapsed time of handwashing is therefore compelling.
This talk will discuss the design and prototyping of a device to enable anonymous and autonomous recording
of hand washing duration in a hospital environment with data-logging capability. The results of initial trials of
the device showed that handwashing duration was reliably recorded to within 1 second accuracy. Potential
development of this platform, in the form of behaviour-dependent interventions, will also be discussed.

Derek Renata Kawiti. Senior Lecturer, Interdisciplinary Digital Design, director of multidisciplinary practice - CILOARC
Background in advanced parametric/procedural design methods, digital heritage, ‘low’ and ‘high’ tech’ digital fabrication.
Founder; collaborative research lab - SITUA (Site of Indigenous Technologies Understanding Alliance). Research collaborator, New
Zealand Maori Arts and Crafts Institute of Te Puia, Rotorua. Research into new technical territories, indigenous hybrid fabrication
practices and materials and additive manufacturing.
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Dr Maneesh Deva: General Paediatrician, Waitakere Hospital, Waitemata DHB
i3: institute for innovation and improvement, Waitemata DHB
Royal Australasian College of Physicians Fellow (2013)
MBChB, BHB (Auckland), DipPaeds (Auckland)
Clinical lead: Engineers in clinical residence programme, WDHB
Areas of research: patient centred care, healthcare technology/ innovation
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Computational design optimization of a dry powder inhaler

Designing medical devices: a translational collaboration

SYMONS, DIGBY (PRESENTING AUTHOR)
Department of Mechanical Engineering, University of Canterbury
digby.symons@canterbury.ac.nz

GARCIA, LORENZO (PRESENTING AUTHOR)
Auckland University of Technology
lorenzo.garcia@aut.ac.nz

Kopsch, Thomas
Cambridge University Engineering Dept.
tk434@cam.ac.uk
Murnane, Darragh
Hertfordshire University, Dept. of Pharmacy
d.murnane@herts.ac.uk

Dry powder inhalers (DPIs) are commonly used to treat lung diseases such as asthma, but can also be used to
treat systemic diseases such as diabetes. Advantages of DPIs compared to oral or injection drug delivery include
directness, rapid effectiveness and lower doses. An additional advantage of DPIs is their breath activation: in a
passive DPI drug is only released when the patient inhales. The flow of air entrains and disperses the dry powder
formulation and carries the drug dose to the lung.
Currently no DPI exists which can consistently deliver drug to the desired target sites in the lung independent of the
patient’s inhalation rate. This is because inhalation rates, and thus drug release, can depend on a patient’s health,
size or age. To maximize efficacy we aim to optimize a DPI design to achieve drug delivery that is (A) independent of
a patient's inhalation rate and (B) targeted to the correct site in the lung.
In this work a DPI design has been numerically optimized. First, two clinically justifiable cost functions were
conceived. These correspond to the design objectives (A) and (B). Second, computational methods have been
developed to simulate two parts of a DPI design: 1) Eulerian-Eulerian computational fluid dynamics (CFD) to model
powder entrainment, 2) coupled finite element analysis and CFD to model a variable air bypass element. Finally,
both computational methods have been experimentally validated and used to optimise a DPI with respect to
objectives (A) and (B).

Oral Abstracts

To design and to develop medical products requires dealing with specific challenges associated with the medical
industry. Both patient safety and cost containment are key factors. The medical sector is nowadays a hugely volatile
and competitive business. The engineers must develop products in a fast way, cost-effective at the time it keeps
high quality and performance. On the other hand, it is required to meet the governmental standards as well as the
physician's requirements.
In addition to those challenges, in particular, the orthopaedic industry is been threatened by a reduction in the
innovative potential during the last years. The reason lands the fact that patents protections have expired what has
contributed to the irruption of several new actors in the market that they have been based their business model in
the exploitation of third-party technologies instead of developing their own ones.
Notwithstanding that the innovation outputs seems to be reduced, there is an excellent opportunity to design
new products if the companies look for alliances in universities and public research institutions. To explain the
advantages of this procedure for designing medical devices, a novel concept could be introduced: the “translational
collaboration”.
Translational collaboration is the notion by which a design project shift from one point in space to another in a way
the project is developed by an action; a need or a motivation different from the one initially had triggered it.
Is going to be presented the design of a minimally invasive orthopaedic implant where a medical technology
company, a hospital and a university worked together, as a successful example of translational collaboration.

Lorenzo Garcia is a Lecturer in Engineering Design at Auckland University of Technology since 2016. His research area is centered
on medical devices and biomechanical design. Previously, from 2003 to 2016, he worked as Invention Manager where he
specialized in Intellectual Property Management, Patent Searching, and Business Model Generation.

Digby Symons is an Associate Professor in Mechanical Engineering. His research interests include mechanical design, optimization,
medical devices and sports engineering.
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Heat Pump Condensing Dryer Efficiency

The Mechanical Properties of Auxetic Plate Metamaterials

OTTE, GORDON (PRESENTING AUTHOR)
Fisher & Paykel Appliances Ltd
Gordon.otte@fisherpaykel.com

TUNNICLIFFE, MARK (PRESENTING AUTHOR)
School of Engineering and Advanced Technology, Massey University
m.c.tunnicliffe@massey.ac.nz

Heat pump condensing dryers are a growing category of tumble dryers that have several significant advantages
over the traditional vented type. Firstly, they use much less energy due to the use of a refrigeration-cycle heat
pump to recycle the heat of vaporisation from the water that is evaporated from the clothes load.
Thirdly, they have the potential for faster dry cycle times than traditional electric dryers – although this has not yet
been realised in the products available to the market. In fact, heat pump dryers have a reputation of taking longer to
dry than comparable electrical heating models. Furthermore, most design choices in the heat pump system seem
to trade off energy for cycle time. This should not be. Dry times are roughly controlled by the amount of power that
can be transferred into the process airstream, and heat pump dryers transfer more heat into the airstream for the
same electrical power consumption than a heating element can. Therefore it should be possible to design a dryer
with shorter dry cycles than a comparable electrical heating model.

The University of Otago Science Department has long experience with refrigeration-cycle dehumidifiers in the
agricultural and timber industries. They have made some proposals for changes to our heat pump dryer cycle
based on their experiences that should improve both efficiency and cycle time on our product – in theory.
Their project with FPA has begun with characterising and mapping the performance of the heat exchangers used
in the dryer to create better thermodynamic math models of the system, which can then be used to design an
optimum system layout.
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Olson, Gerald
School of Engineering and Advanced Technology, Massey University
geraldolson@whatever-works.co.uk
Frater, Greg
Formerly of the School of Engineering and Advanced Technology, Massey University
gfrater@waspnet.co.nz

Auxetic materials exhibit an interesting material property since they have a negative Poisson’s ratio. When
stretched, Auxetic materials expand in a direction perpendicular to the force applied. Auxetic metamaterials can
be fabricated by perforating sheet or plate material with specific patterning, but, research reported by others has
been limited to thin sheets or materials that are flexible or malleable in nature (such as copper or rubber). The
research reported here simulated the mechanical behaviour of perforated plate metamaterials and compared them
with physical tests of the plate, to determine if simulation could predict the physical behaviour of the stiffness of the
metamaterial. Analysis showed that simulation of the auxetic metamaterials could predict a close approximation
of stiffness for the final fabricated plates. This suggests that normally inextensible plate materials, such as acrylic
and steel, can be cut into auxetic metamaterials exhibiting a tuneable range of flexibility. Close attention to the cut
tolerance of fabricated plates will be required as stiffness can vary considerably as the hinge width is increased
or decreased. As only one sample was run using a single base material type (PMMA) to obtain the experimental
values, further tensile tests of the same pattern geometries, with the inclusion of a steel plate as an alternative
base material, would improve validation of these results. Auxetic perforated plates displaying tuneable stiffness
offer possible application as tuneable filters in industry, or act as flat plate ‘springs’ in dampening of vibration for
equipment. The simulation model also needs to be developed to optimise the geometric patterning and setting of
key dimensional factors.

Mark Tunnicliffe, PhD, Senior Lecturer in Product Development, School of Engineering and Advanced Technology, at Massey
University, Palmerston North since 2015. Prior Mark worked as a Development Engineer at a medium-sized manufacturing
company for 18 years. Research interests include novel materials, project-based learning, Rapid Learning Cycles (for education
and NPD)

This presentation will outline the modelling approach and highlights of the results to date.

Gordon Otte is a Technical Leader at Fisher and Paykel Appliances in Auckland. He has 15 years background in refrigeration
system design, testing and modelling, and has recently moved to apply this experience to improve the performance of current and
new heat pump dryers in our product portfolio.
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Software for selection of geared motors & motion controllers
GILPIN, LUKE (PRESENTING AUTHOR)
SEW – EURODRIVE NZ
luke.gilpin@sew-eurodrive.co.nz

This is a demonstration of free Workbench software from SEW-EURODRIVE. Workbench is a project planning and
configuration tool for engineering drive systems. The machine designer can use Workbench to configure basic
as well as complex applications and virtually test their functionality. You can conveniently drag and drop various
components such as the drive, motion controller, cables and field distributor, into a complete drive system.
Workbench checks your configured drive system and reports possible combination errors like inertia mismatches
between the motor and driven load and thermal rating of the gearbox. The start- up parameters for the motion
controllers can be loaded directly from Workbench to reduce time and effort during commissioning.
You can create and save multiple projects in a project folder, very useful for multi-axis applications. Workbench
also offers more, like a kind of saveable shopping cart, you can exchange existing projects directly with other
Workbench users. This allows multiple project participants to work together on your project and ensures optimal
order processing. CAD drawings are directly available for configured geared motor units.
The result of your Workbench configuration is a product list and project planning record that can be saved as a PDF
file and printed or sent directly for order processing.

Luke Gilpin has been involve in the engineering field for more than a decade and holds a degree in engineering. He is currently
a Mechatronic Sales Engineering for SEW Eurodrive NZ. He is actively involved in customer applications including project
planning, sizing and product selection. Some of the applications include, but are not limited to cranes, hoists, rotary tables, crank
mechanisms, pumps, fans and conveyors.

UC’s
UC’s Advanced
Advanced Design
Design and
and
Manufacturing
Manufacturing Laboratory
Laboratory
Our skills and facilities include:
Our skills and facilities include:
• Additive Manufacture
• Additive Manufacture
• Mechanical Design
• Mechanical Design
• 3D Scanning
• 3D Scanning
• Laser Cutting
• Laser Cutting
• Research
• Research

•
•
•
•
•
•
•
•
•
•

Kreon Arm with Probe and Scanner
Kreon Arm with Probe and Scanner
Geomagics Wrap and Design X
Geomagics Wrap and Design X
Artec Eva and Spider Scanners
Artec Eva and Spider Scanners
Stratasys Connex Polyjet Printer
Stratasys Connex Polyjet Printer
Stratasys Elite FDM Printer
Stratasys Elite FDM Printer

We invite industry to work with us on research projects, sponsor a final-year student project in one
We
invite
industry todisciplines
work with or
uslook
on research
projects,
sponsor
final-year
student project in one
of our
9 engineering
at how we
can partner
on ayour
research.
of our 9 engineering disciplines or look at how we can partner on your research.
Find out more: www.canterbury.ac.nz/engineering
Find out more: www.canterbury.ac.nz/engineering

98 MaD2018

UC’s world-first 3D printed titanium
UC’s
world-first
3D printed
titanium
engine
powered the
UC entry
to the
engine
powered the UC
entry to the
Shell Eco-marathon
in Singapore
Shell
Eco-marathon
in Singapore
this year,
where the team
won the
this
year, where
the team
won the
Technical
Innovation
Award.
Technical Innovation Award.

MaD2018 99

Notes

POSTER

Manufacturing

Poster Presentations

Jobs, skills and the organization of work in Industry 4.0
ADENIJI, ADEBAYO (PRESENTING AUTHOR)
The University of Auckland
a.adeniji@auckland.ac.nz
Boxall, Peter
The University of Auckland
p.boxall@auckland.ac.nz

Academics and industry practitioners are predicting that Industry 4.0 will change staffing levels, work practices
and skills within the manufacturing sector. Technological advancements, driven through the combination of
artificial intelligence, cyber-physical production and the internet of things, have workforce implications that are
still being identified, and which are giving rise to a lot of speculation. We have no systematic empirical studies
on what Industry 4.0 means for the nature of work and skills, although some international research groups
are starting projects in this area. One such study is being conducted in New Zealand, and is considering New
Zealand and European companies in a comparative perspective.
In this project, we are not focusing on the elimination of jobs but are studying the jobs that will remain or
emerge. We aim to discover the likely impact of Industry 4.0 on the organisation of work and the use of skills
in these jobs. Some argue that specialized skillsets are going to be required in levels and combinations that
are absent from, or unutilized within, the current manufacturing sector (Res, Wild, Stahl & Baudet, 2017;
Saggiomo et al, 2016). At the other end of the debate, there is the potential for certain kinds of jobs to be
increasingly de-skilled under Industry 4.0 (Bowles, 2014; Becker & Stern, 2016). Our research seeks to
understand how companies in New Zealand are developing their work arrangements (in terms of tasks, jobs,
teams and cross-functional coordination) for a more comprehensive integration of intelligent automation within
production systems. We wish to understand how this relates to occupational/skill needs, skill utilisation and
skill development in their workforce. The roles that managers and HR specialists play in helping to prepare the
workforce for Industry 4.0 are part-and-parcel of our research.

Adebayo Adeniji is a Doctoral candidate in the departments of Management and International Business and Chemical and
Materials Engineering. Adebayo majored in Accounting, and holds a Masters in HRM from Bradford University School of
Management, UK. His research interests include Strategic HRM, Technology and Work, and Employee Wellbeing.
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Innovation IDEAs Framework
SORENSEN, MARK (PRESENTING AUTHOR)
Made Possible Limited
mark@madepossible.co.nz

Innovation IDEAs harness the knowledge, passion, and concepts – for new products, processes, technologies, or
ways of doing business - within an organization and guide these through the most effective and efficient path to
market and commercial success.
Innovation IDEAs provide structure to an innovation programme and are delivered through customized workshop
and advisory sessions to help make informed investment decisions and get products to market and processes
to play quickly, cost effectively, and successfully. IDEAs gives focus and helps you to test concepts quickly and
deliberately to continually learn and iterate through results not guesswork.
The basic components in Innovation IDEAs framework are Identify (and validate), Design (and define), Execute (and
learn), and Accelerate (and iterate).
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Effect of focal length and beam types for the generation
of sub-diffraction limited pores in polymer thin films using
ultrafast laser pulses
WARD, TOM (PRESENTING AUTHOR)
a Department of Physics & School of Chemical Sciences, The University of Auckland
b Photon Factory, MacDiarmid Institute for Advanced Materials and Nanotechnology
& Dodd-Walls Centre for Photonics and Quantum Technologies
t.ward@auckland.ac.nz
Lowe, Tiffany
a Department of Physics & School of Chemical Sciences, The University of Auckland,
b P hoton Factory, MacDiarmid Institute for Advanced Materials and Nanotechnology
& Dodd-Walls Centre for Photonics and Quantum Technologies
tlow956@aucklanduni.ac.nz
Simpson, M. Cather
a Department of Physics & School of Chemical Sciences, The University of Auckland,
b P hoton Factory, MacDiarmid Institute for Advanced Materials and Nanotechnology
& Dodd-Walls Centre for Photonics and Quantum Technologies
c.simpson@auckland.ac.nz

Femtosecond laser pulses have shown the ability to perform extremely precise cutting of a wide variety
of materials. Due to their very high intensity, their ability to be absorbed through multiphoton absorption
processes has been shown to machine features below the diffraction limit of the wavelength of light applied.
However, sub-micron repeatable precise femtosecond laser machining remains a challenge. We investigate
how machining polymer thin films can result in features smaller than the diffraction limit of light used under
specific conditions.

Each component in the model has its own tools and methodologies and depending on the opportunity in play will
benefit from different skillsets and guidance from inside or outside of the organization.

The founder of Made Possible, Mark has worked with some of our most exciting businesses as an engineer, advisor, investor, and
owner. This has exposed Mark to best-practice frameworks in New Zealand and internationally. As an advisor he brings these
frameworks and specialist skills to help develop ideas, get funding, and engineer effective R&D strategies.

Using a femtosecond pulsed laser system (800 nm, 130 fs, 500 Hz repetition rate), we investigate the optimal
parameters required to fabricate nanopores in polymer thin films. The polymers investigated are 1.5µm thick
Ultra-Polyester®, 2.0µm thick Etnom® and 2.5µm thick Mylar®. We investigate the effect of applied pulse energy
and number of shots applied to the polymer thin films for various spot sizes using a variety of objective lenses and
microscope objective. In addition, we extend our study to spatial beam shaping using an axicon lens, resulting in the
formation of a Bessel beam. Bessel beams are unique due to their high intensity central lobe and large diffraction
free machining range. They have been shown to produce repeatable, circular pores of smaller diameters than
those seen with traditional focussing objectives whilst avoiding the complications that arise from vertical focussing
alignment. The minimum sized pores (Ø≈800nm) were achieved with a Bessel beam using a 20° Axicon lens.
Precisely machined, repeatable sub-micron features have a wide range of applications in industry. We demonstrate
their use in a sub-micron particle detection devices.

Tom Ward is the project manager of the Photon Factory at the University of Auckland. He is in particular focused on work within the
micromachining area and using laser based technology to solve manufacturing issues. Tom also completed both a Masters and
Bachelors in Mechanical Engineering at the university.
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Self-Organized Nanoparticles on Defective Titanium
Dioxide for Photo-Induced Enhanced Raman Spectroscopy
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Simpson, M. Cather
1. T he Photon Factory, School of Chemical Sciences,
Dept. of Physics, The University of Auckland
2. T he MacDiarmid Institute for Advanced Materials
and Nanotechnology and The Dodd Walls Centre for
Quantum and Photonic Technologies
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Gao, Wei
Dept of Chemical and Materials Engineering,
The University of Auckland
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Wei, Shanghai
The University of Auckland
s.wei@auckland.ac.nz

Healthcare, security, and food-science are just some of the fields that have been revolutionized by the
development of Surface Enhanced Raman Spectroscopy (SERS). Recently, a technique known as the PhotoInduced Enhanced Raman Spectroscopy (PIERS) is poised to increase the sensitivity of SERS even further.
PIERS demonstrated a several times larger enhancement of the Raman signal compared to regular SERS.
Furthermore, unlike conventional SERS substrates which can only be used once, PIERS substrates can be reused. However, the PIERS mechanism has not been sufficiently supported by material characterizations, and
the consistency of Raman testing using the existing PIERS substrates can be further improved. The aim of this
project is to provide characterization results to support the PIERS mechanism, and to improve the consistency
of the Raman testing. We performed defect engineering on titanium dioxide nanotube arrays with tunable
morphology and decorated them with silver nanoparticles using thermal dewetting. We also performed an
in-depth study of the charge transfer mechanisms giving rise to the PIERS effect, using photoluminescence, and
x-ray photoelectron spectroscopies. Our synthesized substrates can increase the Raman signal by an order
of magnitude (increased from105 to 106), and the characterization results support the hypothesized PIERS
charge transfer mechanism well.
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Scaling-down the domain sizes of a bulk heterojunction (BHJ)
AZAD, LAL (PRESENTING AUTHOR)
The University of Auckland
laza499@aucklanduni.ac.nz
Nedoma, Alisyn
The University of Auckland
a.nedoma@auckland.ac.nz

The performance of organic photovoltaic devices is mainly controlled by the morphology of the active layer. The
most important step in solar energy conversion is the efficient charge separation of an exciton into an electron
polaron and hole polaron without undergoing recombination, which has a characteristic time of less than 100
fs. These recombination losses can be addressed by enabling efficient transport of electrons and holes to the
respective electrodes through the donor, poly-3-hexylthiophene (P3HT) and acceptor (fullerene) phases, which
must be a bicontinuous inter-penetrating nano network with an optimal domain size of ~10 nm; this structure is
called a Bulk Heterojunction (BHJ). Our strategy to manufacture an efficient BHJ involves the addition of a third
component to the system, to control the morphology and enhance the electronic performance of the device.
Diblock copolymers are polymer surfactants that self-assemble on length scales of 10–100 nm, commensurate
with the diffusion length of an exciton. Thermally induced microphase / nanophase separation in diblock
copolymers offers a high degree of spatial control over the BHJ morphology. Initial studies with the addition of
diblock copolymer revealed formation of macro-phases due to kinetic and thermodynamic barriers. The present
work involves the use of diblock copolymers with lower molecular weights and directional solidification of thin films
to arrive at ordered and more defined BHJ nano structures. X-ray diffraction can be used to understand the degree
of crystallinity and orientation of grains. Nanostructure of spin cast thin films can be well characterized by GIWAXS
due to its larger sampling volume and meaningful statistics; the morphology of a thin film can be well understood
by microscopy.

The obtained macro-phase structure from our initial studies.

Junzhi (Jason) Ye is currently undertaking his BE(Hons)/BCom in the Department of Chemical and Materials Engineering at
the University of Auckland. His research involves the development of titanium dioxide as a materials platform for photonic
applications.
AFM reveals thermally induced phase separation in P3HT-diblock copolymer system

Lal Busher Azad is PhD candidate in the Department of Chemical and Materials Engineering at the University of Auckland. He
has worked in various R&D projects as research assistant with Complex Fluids and Polymer Engineering group of CSIR-National
Chemical Laboratory, Pune, India. Areas of interest include flexible photovoltaics and structure property relations in polymer based
advanced functional materials. For the list of scientific publications, please follow link: https://www.researchgate.net/profile/
Lal_Azad
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Mitigation of thermal distortion in laser-sintered
additively manufactured polymer parts

Understanding differences in properties of additively and traditionally
manufactured materials for better design decisions

BHUIYAN, DELOWER (PRESENTING AUTHOR)
Callaghan Innovation
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DAHM, KARL (PRESENTING AUTHOR)
Advanced Materials, Research & Technical Services, Callaghan Innovation.
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Hilleard, Chris
Callaghan Innovation
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TiDA Ltd
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Thomson, Chris
Callaghan Innovation
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Fry, Mike
TiDA Ltd
mike.fry@tida.co.nz

Selective laser sintering (SLS) is now recognised as a robust industrial additive manufacturing technology capable
of producing high-quality, economically-viable production parts. Several New Zealand product development and
manufacturing companies are investigating the use of SLS for the production of high value polymer parts. Increased
understanding of SLS manufacturing technology and the design of parts to ensure production quality of critical
geometries is essential to reducing commercial risk and enabling NZ companies to gain maximum benefit from
this technology.

Selective laser melting (SLM) is an Additive Manufacturing technology that is now well established for generating
complex and innovative parts that are difficult or even impossible to manufacture by conventional methods. The
layer-by-layer melting and rapid cooling inherent to SLM also leads to parts with very different microstructural
features to those obtained from many traditional processes. Such features include: high residual stresses,
directional microstructures, fusion and surface defects, and changes in surface chemistry.

The subject poster will present a characterisation of thermal distortion occurring in PA nylon parts manufactured
by a selective laser sintering process. A description of the causal thermodynamic conditions in the build chamber,
analysis of various part design and process parameters which impact distortion, techniques employed to minimise
distortion and results of testing to validate mitigation techniques.
The application of these methods will also be presented in relation to a high-value aircraft interior component
developed in conjunction with an industry partner.
This subject matter is of direct relevance to the Additive Manufacturing topic area and contributes towards the
MaD Network’s mission in developing expertise to grow New Zealand’s high-tech manufacturing economy.

Delower Bhuiyan, Senior Research Scientist at Callaghan Innovation. His major research interests focus on polymer processing,
preparation of novel polymeric materials for advanced engineering technology and Organic photovoltaics. He has published
43 research articles in refereed journals. Dr. Bhuiyan received his Ph.D. in organic chemistry from Macquarie University, Sydney,
Australia.
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Optimised design and materials selection for SLM components relies on accurate knowledge of the likely properties
of the as-manufactured material. Basic mechanical properties (tensile strength, ductility) have been widely
reported and the findings will be summarised here. The corrosion behaviour of SLM metals on the other hand seen
relatively little investigation. In this study the corrosion behaviour in artificial seawater of three alloys - 15-5PH
stainless steel, 316L stainless steel and Ti-6Al-4V – was measured for both wrought and SLM forms. Additionally,
the corrosion behaviour of the SLM samples was measured for as-SLM surface condition and after grinding to
remove the outermost layers. For each of the alloys the corrosion behaviour of the SLM material differed from
the equivalent wrought alloy. The nature and size of the difference depended on the alloy, and on any post-build
treatments of the SLM material. For all three alloys the corrosion behaviour of the as-SLM surfaces was dramatically
different to that of the bulk material.

Karl Dahm is a Principal Scientist in Callaghan Innovation’s Advanced Materials Group. He leads the Metals & Ceramics Team
whose main research focus is helping NZ companies develop innovative metallic and ceramic products using powder-based
manufacturing processes. Karl has 20 years research experience in performance and properties of engineering materials.
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Additive manufacturing of soft silicone parts
with integrated strain sensors

Complex parts from metal/polymer feedstocks — combining
the shapeability of polymer with the strength of metal

GIFFNEY, TIM (PRESENTING AUTHOR)
Mechanical Engineering
The University of Auckland
tim.giffney@auckland.ac.nz

LECARPENTIER, FRED (PRESENTING AUTHOR)
Advanced Materials, Research & Technical Services, Callaghan Innovation
Frederic.LeCarpentier@callaghaninnovation.govt.nz

Klups, Oliver
Mechanical Engineering
The University of Auckland
Tankersley, Jonathan
Mechanical Engineering
The University of Auckland

Compliant, stretchable structures fabricated from silicone polymers are of interest for applications in the rapidly
advancing fields of wearable devices and soft robots. However traditional manufacturing techniques based
on moulding are poorly suited to customisation and struggle to create complex part geometries without an
excessive number of process steps. While additive manufacturing could help resolve these problems, and additive
manufacturing of rigid plastics and metals is already highly advanced, additive manufacturing of elastomers is
comparatively less developed. Silicone materials, though preferred for their biocompatibility, stretchability and
other properties pose particular challenges.
Sensing mechanical deformation is required for wearable devices measuring human body motion, and the
compliant nature of the actuators used in soft robots may make closed loop control desirable. Due to the much
larger deformations encountered in soft devices in comparison to rigid parts sensors must perform over a large
strain range. Additionally, because significant deformation occurs throughout the entire material rather than only at
the joints, a technique that can produce a network of sensors across or throughout the part will be beneficial.
In order to allow additive manufacturing of parts using conventional addition curing silicone material and the
co-deposition of suitable strain sensors a conventional 3D printer platform has been adapted to deposit silicone,
allowing 3D printing of highly stretchable parts. By mixing carbon particles into the silicone to form a conductive
composite, the same equipment is applied to produce strain sensors on or inside the fabricated part.

Combining metallic powders with polymer binders allows complex “green” parts to be generated far more easily
than is possible with solid or molten metals. Moreover, these processes can be applied to high-performance
ceramics that are impossible to shape by traditional approaches.
Green parts can be shaped by moulding (metal/ceramic injection moulding (MIM/CIM)), machining, and a number of
emerging additive manufacturing techniques. Once the green body has been generated by any of these techniques,
the parts must be subjected to chemical and thermal processes to remove the polymer followed by sintering to
obtain a dense, polymer-free metallic (or ceramic) part. In this study we will report studies into two green shaping
techniques: MIM; and fused filament fabrication (FFF).
Experiments carried out on MIM using a commercial Ti-6Al-4V alloy feedstock give tensile strength values of
920~960MPa and elongation to fracture of 14% - similar to minimum levels for wrought alloy. For complex objects
however, the design stage must consider the effects of thermal processing – shrinkage and distortion for instance –
to ensure a successful outcome of the overall MIM process.
To demonstrate the flexibility of the MIM/CIM process in terms of materials, experiments were conducted with
alumina and zirconia feedstocks. For both materials, all of the properties measured (stiffness, toughness, hardness,
and flexural strength) were essentially the same as those obtained from traditional ceramic shaping methods.
One downside of moulding processes is the need to fabricate a mould. Recently polymer-metal filaments have
been developed that allow direct printing of green bodies. FFF using a 316LX stainless steel (Ultrafuse, BASF)
was used to produce testpieces with an inexpensive desktop 3D printer. Initial investigations, have concentrated
on understanding differences in density, isotropy and microstructure between the FFF stainless steels and those
obtained by other powder-based methods.

Fred Lecarpentier is a Senior Scientist in Callaghan Innovation’s Advanced Materials Group with 20 years research experience in
fabrication and characterisation of engineering ceramics. As a key member of the Metals & Ceramics Team, his focus is helping NZ
companies develop innovative metallic and ceramic products using powder-based manufacturing processes.

Tim Giffney received his PhD degree in 2015 and is a lecturer at the Department of Mechanical Engineering, University of Auckland.
One focus of his current research is on 3D printing of functional materials as a method to create “smart objects” with integrated
sensing and actuation capability.
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High precision welding of glass for hermetically sealed
devices in the medical industry using ultrafast lasers

Visual predictive approach for strength
and ductility in open source 3D printer

CONNOR MURPHY (PRESENTING AUTHOR)
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& Dodd-Walls Centre for Photonics and Quantum Technologies
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Dixon Leung
c Auckland Bioengineering Institute, The University of Auckland
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Bryon Wright
c Auckland Bioengineering Institute, The University of Auckland
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Simpson, M. Cather
a Department of Physics & School of Chemical Sciences, The University of Auckland,
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Implanted medical devices typically require high quality, hermetically-sealed packaging in order to prevent
exposure of foreign material to the human body whilst maintaining the function of the devices throughout their
lifetime. Glass packaging materials are desirable from a biocompatibility and wireless transmission perspective,
but have been limited by processing requirements. Simply put, traditional glass sealing techniques require too
much heat to use near sensitive electronic and mechanical components. In addition, technological advances have
led to the miniaturization of medical implants and devices which in turn require high resolution hermetic seals,
often at buried interfaces. We expect that this problem can be addressed with ultrafast laser welding of glass
materials. Ultrafast laser welding processes can be fast and localised, leading to minimised residual stresses,
deformations, and other undesirable effects.
Ultrafast laser machining is valued for its high resolution cuts of only a few hundred nanometres wide, while
minimising damage to the adjacent material. Despite femtosecond pulses being best known for their “cold cutting”
abilities, they can also be used for delicate welding of transparent, brittle materials such as fused silica and quartz.

Poster Presentations

Potgieter, Johan
SEAT, Massey University
j.potgieter@massey.ac.nz
Arif, Khalid
SEAT, Massey University
k.arif@massey.ac.nz

The dominance of additive manufacturing is recognized through its innovative ability of manufacturing in layers
with precision. This additive manufacturing technique has made possible to help domestic users to print their
designs with precision and reasonable strength through open source (OS) 3D printers. However, the cost-cutting
measures taken to bring down the prices of the OS printers leads to inconsistency in the results with time and
it despair the users from achieving the desired high strength in the printed parts as obtained in commercial 3D
printers. Meanwhile, the joining of beads is all in all to explain the quality (strength and ductility) of build parts.
The visual patterns of shape of beads and joining of beads can be interpreted to explain and forecast the strength
and ductility of the build part. However, the literature lacks such kind of in-depth visual analysis to explain and
forecast the mechanical properties regarding build quality. This research presents a novel technique of in-process
continuous heat treatment for OS 3D printers for Polylactic acid (PLA) that successfully achieves 30% more
strength ASTM D638 (type IV) dog-bones as compared to the non-treated ones. This research also presents the
novel utilization of fractographic analysis (SEM) as shown in Figure 1, to explain and predict the expected strength
and ductility through shape of beads and quality of joints. In short, this research contributes to recover and
enhance the lost strength in printed parts of open source 3D printers in less time and provide a visual approach to
predict the strength and ductility.

Muhammad Harris is a PhD student in SEAT, Massey University, Auckland (0632). This research is funded by Food industry and
enabling technologies (FIET), New Zealand.

We have used an ultra-short Ti:Sapphire laser (pulse width = 130 fs, repetition rate = 500 Hz, λ=800 nm) to
develop laser welding of soda-lime glass by rastering the focal point over a defined area at an internal glass/glass
interface to form the weld.
Here we report on the effect of pulse energy, pulse spacing, and the position of the laser focal point relative to the
glass/glass interface on seal quality. Welds were imaged using optical microscopy, scanning electron microscopy
and optical profilometry and seal quality determined using simple qualitative techniques.

Connor Murphy is an undergraduate researcher at the University of Auckland’s Photon Factory; a multidisciplinary lab where
Connor focuses on the use of lasers in micromachining. Connor is currently studying a Bachelor of Science majoring in Physics. He
plans to progress into further study and continue working in academia.
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Advancement in Titanium Metal Matrix Composites:
Effects of Borides, Nitrides and Carbides
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The University of Auckland
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The University of Auckland
p.cao@auckland.ac.nz

Metal matrix composites (MMCs) are a class of materials that seek to combine the high strength and stiffness of
a ceramic with the damage tolerance and toughness provided by a metal matrix. The thermo-mechanical and
tribological properties of titanium and its alloys can be improved by reinforcing them with ceramics. The titanium
matrix can be reinforced with a particulate, short fibres or continuous fibres. A particulate can have either a
spherical, cubic, or random morphology. This study provides an overview on development of titanium metal matrix
composites using different reinforcements which have different shapes, sizes and morphologies. The composites
were developed using TiB2, Si3N4 and multiwalled carbon nanotubes (MWCNTs).These composites were developed
by conventional powder metallurgy route. This study shows the effect of borides, nitrides and carbides in the
titanium matrix. The samples were characterised using X-ray diffraction (XRD) and scanning electron microscopy
(SEM) equipped with an energy dispersive X-ray spectrometer (EDX). Microhardness and densification of these
composites system is also studied. All samples had a high sintered density. The mechanical and tribological
properties has also been analysed in this study.

Harshpreet started his career in the field of composite materials. He completed his Master of Technology (by Research) in the field
of composite materials. He came to New Zealand in 2015, after winning the University of Auckland Doctoral Scholarship to pursue
his PhD at the University of Auckland.
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OpenPupil: Developing an affordable, Open source Pupilometer
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Victoria University of Wellington
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Victoria University of Wellington
elf.eldridge@ecs.vuw.ac.nz, simon.fraser@vuw.ac.nz, ciaran.moore@ecs.vuw.ac.nz, Max.Coop@vuw.ac.nz
Gale, Jesse
University of Otago, Wellington
jesse.gale@gmail.com

Pupils can be crucial in diagnosis of life threatening aneurysms, or impending strokes, or tumours in the lung. With
the discovery of melanopsin cells of the optic nerve, there is increasing interest in new pupil reactions to help
understand sleep disorders and different optic nerve diseases. Currently most doctors test pupils with a simple
pen torch, making limited subjective assessment of the pupil size, symmetry and reaction. There are commercially
available pupil testing devices, all costing more than $10,000, which all have either poor portability or limitations
in the testing they can perform. Specifically, the melanopsin cells require a bright blue light to be activated, and
most devices cannot do this. We propose to develop a cheap, open source pupil testing device capable of testing
melanopsin function as well as other common clinical scenarios.
Of particular importance to the project is keeping the system open-source. The headset has been specifically
designed to be manufactured using 3D printing technology. Online 3d printing services such as Shapeways and
3D Hubs can print one-off orders of the entire headset for a relatively affordable price. All electronic components
are easy to source and straightforward to install. All files required to 3D print the headset, create and run the
electronic components, and software to run the tests are available online. This allows ophthalmologists and other
health professionals to build their own OpenPupil headset; something that would not be possible using traditional
manufacturing methods.

Callum Allen, Master of Design Innovation student, Victoria University of Wellington
Callum is a current master’s student at the Faculty of Architecture and Design. His research interests include emerging 3d printing
technologies, and how the internet and other open source phenomena will affect current manufacturing and distribution systems.
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Smart sock for improved electrical stimulation
for gait assistance in post-stroke patients
SHAIKH, MUHAMMAD (PRESENTING AUTHOR)
The University of Auckland
msha405@aucklanduni.ac.nz
Prof. Salcic, Zoran
The University of Auckland
z.salcic@auckland.ac.nz

Introduction:
A smart wearable system that can detect the activity of a foot drop patient and utilise the information for automatic
and accurate control of an electrical stimulator used for walking assistance.
The system integrates a nerve stimulator with a sock donned with wearable sensors (pressure and inertial sensors)
on a microcontroller-based sensing node. The sensory data would be used for activity identification and the
information would be communicated to the stimulation controller to cease or adjust the stimulation as per need.
Having the sensors embedded in a sock, the system can be used with any footwear.
The sock would be based on multilayers of fabrics. The innermost layer in contact with skin would be spandex
(soft stretchable material), sewn up with a rugged fabric. This middle fabric layer serves as platform of sensory
integration. The outer layer of a rugged fabric would cover the entire system.
Motivation:
Foot drop patient lacks the essential forefoot lift while ambulating the step forward during walk. Electrical
stimulators are used to compensate foot drop by stimulating the nerve at lower leg for reinstating normal walk.
However, the commercial stimulators inappropriately trigger under certain communal activities, so the user needs
to be attentive and switch off the device frequently. Besides, during the stimulation-assisted walk, the muscles get
fatigued and user has to increase the intensity on the fly to retain appropriate forefoot lift, but it also aggravates
feeling of pain and discomfort. Moreover, with some stimulators, the user is bound to wear specific footwear only.
Commercial Aspect:
Every year, 15 million people suffer a stroke and approximately 5 million survivors face different post-stroke
disabilities including walking limitations –(WHF report). Current statistics for New Zealand indicate about 60,000
stroke survivors are disabled and need external support to manage their movements. Many of those sustain foot
drop and use electrical stimulators that costs around 6000-10000 NZD.
Conclusion:
A prototype sensing system has been validated for accurate triggering already1. It is envisaged the proposed
system would be comfortable long-term solution at a price much cheaper than commercially available electrical
stimulators.

1

S haikh M.F, “Bipedal gait model for precise gait recognition and optimal triggering in foot drop stimulator: a proof of
concept”. In Medical and Biological Engineering and Computing. DOI : 10.1007/s11517-018-1810-7r
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Current metal 3D printing is expensive, due to the high cost of sophisticated printing systems and/or specialised
material feedstock. Therefore, printing metals from low-cost feedstock on low cost equipment is an active area of
research and development. One technique that has been widely adopted is printing from metal/polymer mixes, and
filaments. However, conversion of metal powder into filaments adds additional processing steps, raises costs and
adds operational difficulties. In contrast, printing from metal/polymer pellets through extrusion process could be a
promising alternative due to the availability of low-cost materials such as metal injection moulding (MIM) feedstock.
Massey University and TiDA Ltd. are working
together to develop an extrusion-based system
that can print green parts from MIM feedstock. A
robust platform (Fig. 1) supporting the extruder
has been developed which is mostly based off
currently available consumer fused deposition
modelling (FDM) printers. By using a simple cartesian
coordinate system, it allows easy integration and
customisation with currently available open source
systems. The extruder is based on established
screw extruder principals and designed to perform
Fig. 1 - MIM feedstock printer and trial parts
with similar characteristics to FDM printers. The
approach taken to improve the extruder’s operation
was to minimise the internal forces generated by common three stage screws. By taking out the compression
and metering zones, this removes a lot of the pressure and friction generation inside the extruder. With reduced
extrusion pressure and friction, the stop-start operations during printing can be executed with lower motor torque
and the system can be miniaturised in size.
The design of the extruder allows us to print parts of varying geometries as shown in Fig. 1. Currently these parts
are going through the de-binding and sintering stages. It is expected that some results will be available by the time
of final submission of this abstract and our presentation at the conference.

Sean Whyman is a master’s student in the School of Engineering and Advanced Technology, Massey University Auckland. He
holds a BE (hons) in Mechatronics Engineering from Massey University. His research is supported by TiDA Ltd. His research
interests include additive manufacturing from pellet-based extrusion, robot-assisted 3D printing, and mechanical testing and
characterization.
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The Tier 1 grill is an outdoor cooking product intended for a premium market. In order to ensure customer
perception meets Fisher and Paykel’s product intention, a premium quality ‘feel’, survey was conducted to attempt
to capture and objectively quantify subjective quality measures. This was then used to create design guidelines.

Setting-up fatigue tests of thin-film membranes are one of the most challenging tasks in the experimental
validation of fully implantable pressure sensors, particularly for those used in the lifetime intracranial pressure
(ICP) monitoring. The recent interest in very high cycle fatigue (VHCF) properties of thin-film membranes to study
the slip markings and favourably oriented grains, has led to the extended use of ultrasonic and acoustic fatigue
testing techniques. The history of sonic fatigue testing starts from the year 1950, when it was used in the fatigue
evaluation of structural components such as B-52 aircraft wings at Wright-Patterson air force base. On the other
hand, ultrasonic fatigue tests using mixed mode loading started in 1973 for studying various heterogeneities
including inclusions, pores, coarse second phase particles. These physical factors can act as internal fatigue crack
initiation sites.
Currently, several ultrasonic fatigue testing
systems are commercially available but these
systems are very expensive. Furthermore, building
a custom ultrasonic system can be complicated
as it involves the design and tuning of ultrasonic
horn (e.g. sonotrode). Alternatively, modern
multimedia systems integrated with subwoofers
exhibit a frequency range of 20 Hz to 20 kHz
(± 3 dB) that is almost equivalent to that of the
ultrasonic counterparts. Since most of the dominant
frequencies of ICP range between 1 and 50 Hz,
multimedia systems can be obtained off the shelf for
a reasonable price and can generate high acoustic
vibrations necessary for fatigue experiments.

POSTER

Key areas identified for targeted survey were lift-assist, soft-close and overall sound profile during opening and
closure. Lift assist mechanisms reduce the force required to open the grill lid while soft close damps the final lid
close motion to ease the lid smoothly into closure. Sounds highlighted for investigation included openings sounds
produced during motion and closure contact sounds.
Specific features were chosen for research as consumer survey naturally complimented their initial intention:
promoting customer ease of use and the pleasantness of grill interaction.
Information recorded was used to create a framework of quality markers against which investigated features could
be assessed and later fine-tuned to the benefit of customer experience.

The results of multiple surveys revealed trends in consumer perception and preference in all research areas.
These trends were evaluated for correlation with objective and measureable parameters and ‘translated’ into
measureable targets to inform design.
Fig. 1 - Block diagram of low-cost acoustic fatigue testing
system: 1 – Oscilloscope; 2 – Gaussian noise function generator;
3 – Sine wave sweep (30 Hz – 10 kHz); 4 – Spectrum analyser;
5 – LK-G5001 laser displacement sensor

In this paper, we present a low-cost fatigue testing setup using Logitech Z313 multimedia system (Fig.1).

This poster will describe the results of the surveys, survey data analysis methods and how findings will be
practically implemented to shape a better quality product for consumers.

Kondwani Chinula is a Product Development engineer at Fisher and Paykel with over 15 years of experience working as part of
DishDrawer© and Outdoor Cooking teams.

Nireekshan Kumar Sodavaram is a senior Ph.D. student at Massey University, Auckland. He received his BE in Electrical and
Electronics from Madras University, Chennai, India, in 2004, and postgraduate degree in Microelectronics and VLSI design
from Karunya University, Coimbatore, in 2008. His research interests include MEMS integrated CMOS design, biomedical
instrumentation, thin film material analysis, non-destructive material testing, and additive manufacturing.
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Representing and reasoning about the quality of preliminary
design information in engineering product development
BRINKMANN, JENS (PRESENTING AUTHOR)
The University of Auckland
Jbri364@aucklanduni.ac.nz
Wynn, David
The University of Auckland
d.wynn@auckland.ac.nz
Shekar, Aruna
Massey University
a.shekar@massey.ac.nz

In the early stages of a design project many important issues are unknown or only known in an imprecise
manner. In current practice the iterative maturation of design information is not explicitly captured alongside
that information; for example, many design modelling tools require parameter values to be entered in a
precise manner even if the quality of the information is known to be poor. This can cause problems in which
downstream consumers of the information waste effort on tasks that are not yet justified. If the status of the
information – the Quality of Preliminary Design Information (QoPDI) – could be made explicit, this could help to
avoid such problems, potentially leading to reduced rework and to better designs.
QoPDI has numerous facets such as imprecision, vagueness, volatility etc. To facilitate communication of
QoPDI between designers that are potentially from different departments, companies or located around the
world, a common vocabulary is necessary. Therefore, a taxonomy clarifying and relating the facets of QoPDI
is being developed. Building on this taxonomy, we aim to ultimately develop a tool that assists practitioners
in expressing the quality of the information they produce, and in using such meta-data to assess whether
information received from others justifies a particular task.
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Designing RealTime lighting visualisation for urban environments
LEUNG, KARWING (PRESENTING AUTHOR)
Victoria University of Wellington, School of Architecture
kw.leung7@gmail.com
Moleta, Tane
Victoria University of Wellington, School of Architecture
Tane.Moleta@vuw.ac.nz
Schnabel, Marc Aurel
Victoria University of Wellington, School of Architecture

360-degree video is an increasingly important tool for improving immersive experiences within virtual and
augmented reality. To add to ongoing work in this field, this paper presents a novel development that simulates
real-time dynamic lighting within architectural and urban environments for architects and designers.
Existing solutions for architecture applications make use of physically based lighting, however, most of these do not
use high-quality data captured on a real-world site. These data are important for an accurate representation of the
lighting conditions of the site and can lead to a more immersive virtual experience. Using 360-degree video-based
technology, however, we are able to simulate real-world lighting conditions dynamically. The utilisation of this
new 360-degree video-based lighting engine and its integration within virtual reality has allowed for site-realistic
lighting conditions and composition of immersive digital content into 360 videos. This process is done ‘on the fly’,
allowing for a new level of interactive experiences that seamlessly integrates the digital content with the captured
real-world conditions facilitating a new level of simulation for Architecture Construction and Engineering.

This MaD-funded project is in the early stages of a literature review. Our next goal is combining the insights
from literature with analysis of current practice of handling immature information. This will be achieved
by carrying out interviews at NZ-based manufacturing companies. As a result, a scheme for eliciting and
expressing the QoPDI for given design information will be created. In a demonstrator scenario, a scheme for
justifying whether a task is appropriate to initiate considering the QoPDI associated with its input information
will be evaluated.

Jens Brinkmann is a PhD candidate in Mechanical Engineering at the University of Auckland since October 2017. After gaining
experience at different consulting companies in Chile and Germany where he most recently organised virtual assembly
meetings for Volkswagen, he decided to proceed in academia and moved to New Zealand.
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Portable cave autosampler — An innovation to
record the effect of geological changes in caves
LIM, SHEN HIN (PRESENTING AUTHOR)
School of Engineering, University of Waikato
hin.lim@waikato.ac.nz
Jangali, Rahul
School of Engineering,University of Waikato
rsj1@students.waikato.ac.nz
Hartland, Adam
School of Science, University of Waikato
Adam.hartland@waikato.ac.nz

Over the years, cave drip waters that over geological timeframes form stalagmites and other formations have
been manually collected by scientists during their visits to investigate the characteristics and effects of geological
changes in caves. Frequent site visits are difficult due to the strenuous and expensive task to access the site, and
results in loss of information. This paper presents the design methodology to develop a robust and portable cave
autosampler that is capable to collect drip waters and also other information such as humidity and temperature.
This work was investigated from two different aspects: 1) portable drip water collection mechanism and storage
and 2) power conservation and other information collection. In this design, the drip water is collected from a
correctly positioned funnel to a 20ml vial as the storage using the syringe and the syringe is switched to the next
vial weekly. A turntable design was incorporated as the vial storage to minimize the volume while collecting fifty
water samples. The position of the motor that controls the operation of the syringe relative to the turntable,
and the vials position on the turntable were then optimised concurrently to maintain the accuracy of the syringe
location to each vial while reducing the machine volume. Lightweight materials were selected for fabrication of the
components to reduce the weight. The main power consumption comes from the motors for the syringe and the
turntable. Using sleep mode, power is connected to the motors during switching operation only to minimise power
consumption. Temperature and humidity readings are recorded during switching operation.
The machine was tested and the syringe was positioned correctly to each vial. Based on a 200Ah battery and
weekly switching operation, the autosampler can last up to 268 days.

Shen Hin Lim is a lecturer in School of Engineering, University of Waikato and his interest lies in design for agricultural and
robotics applications.
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seNZ—Handwashing monitors in a clinical setting
POWELL, JAKE (PRESENTING AUTHOR)
The University of Auckland
jrua469@aucklanduni.ac.nz
Stringer, Jonathan
The University of Auckland
j.stringer@auckland.ac.nz
Nedoma, Alisyn
The University of Auckland
a.nedoma@auckland.ac.nz
Smith, Anton
The University of Auckland
asmi803@aucklanduni.ac.nz
Deva, Maneesh
Waitemata District Health Board
maneesh.deva@wdhb.govt.nz

Contact-borne infections cost hospitals as much as $40 Bn annually and result in millions of deaths. Handwashing
is the main preventative measure against the spread of these infections; in particular, the frequency and duration
of handwashing are critical for reducing infection rates. In particular, hand-washing duration is often significantly
less than the 20 seconds recommended by the World Health Organization. This poster presents a device that first
monitors handwashing duration and then provides an intervention to improve compliance with the expected 20-s
duration.
The current prototype uses an infrared sensor to detect nearby motion and switch on an unltrasonic motion sensor,
which directly detects the flow of water. The unit is self-contained with a battery and encased in a 3D-printed,
biodegradable shell. The unit has been validated as a measurement tool in the Waitakere Hospital Paediatrics ward.
Detected and logged handwashing events were compared to video recordings of the same handwashing events.
Independent review of the videoed hand-washing events agreed in duration with those measured from the sensor;
demonstrating the reliability of the measurement technique. Ongoing work seeks to reduce the form factor of the
device and implement adaptive, interactive incentivisation to promote longer hand-washing events.

Jake Powell and Anton Smith are final-year students in the Department of Mechanical Engineering at the University of Auckland.
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Mechanical Noise from Induction Cooking

Fabrication and deposition of novel inorganic polymer materials

WINTER, RITCHIE (PRESENTING AUTHOR)
Fisher & Paykel Appliance
ritchie.winter@fisherpaykel.com

URGEL, JOSHUA ANGELO PEREYRAS
(PRESENTING AUTHOR)
The University of Auckland
jurg336@aucklanduni.ac.nz

Jacob, Jego
University of Canterbury
Jnj21@uclive.ac.nz

Noise is typically associated with induction cooking and has beena source
of concern for many customers. This noise is commonly described as an
irritating “buzzing” noise which can be heard upon initial start-up. This noise
has caused discomfort to many customers especially to those who have
sensitive hearing. It is of best interest that this noise is eliminated or reduced
to an acceptable level that would not cause any concerns to consumers.
Determining the root sources is vital to addressing this issue. Sound
measurements were conducted to find the different sources contributing
to this noise. This project has produced a deep understanding of the main
contributing factors of this mechanical noise through Octave Band analysis
and “Fast Fourier Transforms”. Understanding this phenomena is very
important as demand and interest for induction cooking increases.

Mallett, Ben P.P.
1. T he Photon Factory, School of Chemical Sciences,
Dept. of Physics, The University of Auckland
2. The MacDiarmid Institute for Advanced Materials
and Nanotechnology and The Dodd Walls Centre
for Quantum and Photonic Technologies University
of Auckland
b.mallett@auckland.ac.nz
Kumar, Vipin
The University of Auckland
vkmu099@aucklanduni.ac.nz

Arul, Rakesh
The University of Auckland
raru090@aucklanduni.ac.nz
Zheng, Qiming
The University of Auckland
qzhe731@aucklanduni.ac.nz
Simpson, M. Cather
1. T he Photon Factory, School of Chemical Sciences,
Dept. of Physics, The University of Auckland;
2. T he MacDiarmid Institute for Advanced Materials
and Nanotechnology and The Dodd Walls Centre for
Quantum and Photonic Technologies
c.simpson@auckland.ac.nz

Leitao, Erin M.
1. School of Chemical Sciences, The University of Auckland;
2. The MacDiarmid Institute for Advanced Materials
and Nanotechnology
erin.leitao@auckland.ac.nz

This project aims to develop fabrication procedures for novel inorganic polymers. Inorganic Group 14 polymers,
such as polysilanes and polystannanes, are a class of polymers with backbones consisting exclusively of covalently
bonded semi-metal or metal atoms (Si and Sn, respectively). With organic sidechains, they could be regarded as
having molecular, jacketed (semi-)metal-wire structures – one dimensional conductors. These polymers possess
delocalised σ-electrons, which give them pronounced optical absorption and (semi-)conductivity. However,
despite the potential of these polymers as novel semiconducting sensors and optoelectronic devices, their
processability is poor. This project investigated different chemical solution deposition methods to fabricate films,
namely spin-coating and drop-casting. Subsequently, the interesting electronic, optical, and magnetic properties
of these main group polymer materials were investigated.

Joshua Urgel is currently undertaking his undergraduate Bachelor of Science degree in Physics and Chemistry at the University of
Auckland. His research interests involve the physical properties and processing of Group 14 inorganic polymers.

This Poster will describe the results of the research project. It will describe the main causes and other potential
factors affecting the mechanical noise.

Ritchie Winter is a Functional Leader at Fisher & Paykel Appliances Product Development site in Dunedin. Over 10 years designing
cooking and leading research and implementation projects.
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Applying Technology to Improve Value
Extraction in Pounamu Industry

Bridging the Gap between ‘Fuzzies’ and ‘Techies’
in the Manufacturing and Design Sector

MCCURDY, MURRAY (PRESENTING AUTHOR)
CRL Energy Limited
murray@nuenz.co.nz

KORBER, STEFAN (PRESENTING AUTHOR)
The University of Auckland (Business School)
s.korber@auckland.ac.nz

Rademeyer, Ula
CRL Energy Limited
ula@marulacreative.co.nz

Smith, Peter
The University of Auckland (Business School)
p.smith@auckland.ac.nz

This poster presents a current Vision Matauranga programme exploring the potential to apply technology to the
Pounamu industry in NZ to improve efficiency and value creation.
Pounamu is the name given to NZ nephrite jade. This is a material that has been the basis of a manufacturing
industry in NZ for 700 years. Prior to arrival of Europeans, Maori valued pounamu for its properties as a tooling
material and it was traded throughout the country. The arrival of modern tooling materials has meant that
pounamu is now valued primarily for cultural and aesthetic qualities. Today the majority of pounamu (by value) is
sold in the form of pendants to local and tourist markets.
The manufacturing methods presently used in the industry appear to be wasteful and this research is in the
process of defining the level of waste. The inhomogeneous and anisotropic nature of pounamu means there is also
opportunity to gain efficiency and add value though understanding the internal structure of the material before it
is cut. A major component of this research is to trial a range of scanning techniques for better understanding the
shape and internal structure of pounamu boulders and slabs. The aim of this is to be able to create accurate 3D
models of pounamu boulders to guide a more advanced and efficient manufacturing process. The long term goal is
for the entire manufacturing process to be responsive to design decisions based on digital modelling.

Murray is the General Manager of Research Strategy at CRL Energy Limited, the Independent Research Organisation serving the
resource and energy sector in NZ. He is also the Chief Engineer at Nuenz Limited, a startup nanomaterial company. Murray’s area
of research interest is adding value to NZ natural resources.
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Siedlok, Frank
The University of Auckland (Business School)
f.siedlok@auckland.ac.nz

Inter-disciplinarity is often associated with innovative, creative and customer-centred solutions to multifaceted
problems, increasingly necessitated by the emergence of the new fields such robotics, Big Data, Artificial
Intelligence and Industry 4.0. However, such collaborations usually occur between relatively close disciplines
(e.g. STEM), leaving the wider gap often unbridged – despite the mounting evidence of such disciplinary blending
providing tangible benefits.
Indeed, an increased integration of science- and humanities-centred thinking is needed because: (a) evident
failures of ‘technical’ solutions arising from a lack of criticality in STEM fields (e.g., biases in algorithms); (b) growing
evidence that the most successful tech businesses had a strong influence of liberal arts education; (c) increasingly
‘wicked’ problems that are often social and technological at the core.
Our poster introduces a recently launched research project to members of the MaD community, presenting
preliminary findings and seeking to establish long-term collaborations with industry. Building on a review of the
academic literature, we first summaries structures, capabilities and processes that facilitate or encumber the
integration of natural science and social science. Second, we outline the potential value of inter-disciplinary
collaboration for the New Zealand MaD sector.
In highlighting the factors identified in the literature, we aim to engage in a conversation with the MaD community to
discover: (1) local successful or unsuccessful cases of techie and fuzzy integration; (2) the challenges encountered;
and (3) the mechanisms that facilitate the ‘bridging’ of the often-presumed gap between natural science and social
science. Thus, we see our poster as an opportunity to establish an ongoing collaboration with the MaD sector and
as a first step to maximising the economic, environmental and social value of the industries’ innovative potential.

Stefan Korber is a postdoctoral researcher at the Auckland University Business School. His research interest include Professional
Service Firms, inter-disciplinary collaborations and the influence of shared values and taken-for-granted assumptions on individual
behaviour. Stefan’s PhD research explored the integration of ‘techy’ engineering and ‘ fuzzy’ commercial knowledge within an
engineering consulting firm.
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Exploring Cities Through Mixed Realities
QURESHI, CYRUS (PRESENTING AUTHOR)
Victoria University of Wellington, School of Architecture
cyrusqureshi@gmail.com
Moleta, Tane
Victoria University of Wellington, School of Architecture
Tane.Moleta@vuw.ac.nz
Schnabel, Marc Aurel
Victoria University of Wellington, School of Architecture

Travel has become one of the simplest of tasks. No longer does one talk of travelling between cities or countries,
but between or even across continents. Before, such distances which took days if not weeks to complete can now
be covered in a matter of hours. As a result, two things have occurred. Initially, travel as a recreational activity
has increased. Secondly, due to the accessibility of travel more generally, many people travel to more places for a
shorter period. Due to this, now many travellers endure the pressure of racing against time, rushing from one point
to another hoping to catch a glimpse of everything a city has to offer. This paper aims to explore the nature of urban
tourism and the potential uses of Virtual, Augmented and Mixed Realities (VAM) technologies to help enhance the
experience of tourists. In order to investigate and test how these technologies may improve our experience of the
city, an augmented reality app is to be developed in partnership with ‘Regional Council X’ and ‘Company X’. The
research aims to present ways in which VAM help users in exploring cities. The philosophical driver of this project
aims to focus on supporting the experience of moving between two points on a map rather than achieving the
shortest route to a destination. Once developed, the project proposes the ‘CityAR’ app which is to be distributed to
the general public in order for them to test its functionality and in return, provide user feedback.
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Soft Infrastructure: Use of real time virtual engines and big data to
enable robust public consultation on urban infrastructure projects
NGUYEN, DUONG (PRESENTING AUTHOR)
Victoria University of Wellington, School of Architecture
duongcuti@yahoo.com
Moleta, Tane
Victoria University of Wellington, School of Architecture
Nishioka, Mizuho
Victoria University of Wellington, School of Architecture
Schnabel, Marc Aurel
Victoria University of Wellington, School of Architecture

To create the Smart Cities of tomorrow, it is imperative in this technological era that urban and participatory design
evolve to ensure a sustainable, innovative and liveable public realm. Digital technologies have become increasingly
ingrained into the daily lives of citizens in developed countries. This has opened up the door for a collaborative
dialogue about the future of our cities that is accessible by all disciplines and demographics; the key being an
internet connection and device.
Methods employed in past participatory design are proving themselves to be increasingly ineffective in
implementing successful urban design as the pressures of social, political, technological, economic, and
sustainability issues acting on the public realm increase. The traditional tools of technical drawings create a
‘language barrier’ between the professional and the public, which gives rise to a lack of understanding that
generates higher levels of objection to anticipated changes. People of the contemporary age have grown
accustomed to instant accessibility and action. The notion of the time and effort required for the traditional
town hall meeting is a nuisance that often inspires wilful ignorance of the public in regards to urban design. A
characteristic of contemporary civil life that engenders minimal participation. The high levels of objection and
low levels of participation create an uphill battle for public realm development in an age when adaptation and the
combatting of urban issues is imperative.
This research project proposes the emergence of real time virtual engines, massively multiplayer online games
and online forums open up a new pathway for participatory design that can increase participation, dialogue and
the general understanding of all relevant parties in future urban design proposals. The combining of technology,
we propose, can create broader inclusion, increased participation and a higher quality of collaboration in
the urban design process as the wider masses can participate from the ease and familiarity of their homes. It
eliminates the communication and access barriers of participatory design of the past and facilitates the dialogue
between disciplines, and the stakeholder and key decision makers, when addressing the design, governance and
construction of Smart Cities.
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Development of suitable binder systems
for metal injection moulding (MIM)
HAYAT, MUHAMMAD (PRESENTING AUTHOR)
The University of Auckland
m.hayat@auckland.ac.nz
Cao, Peng
The University of Auckland
p.cao@auckland.ac.nz

The main focus of our research at the University of Auckland is to develop a clean and environment friendly
binder system with excellent properties for the successful MIM practice. For this purpose we have extensively
studied polyethylene glycol (PEG) -polymethyl methacrylate (PMMA) based system. We reported the effect of PEG
molecular weight on rheological properties of the feedstock and its water debinding behaviour which has not been
discussed before. We also studied the effects of different surfactants on MIM feedstock rheological and mechanical
properties, and identified a potential surfactant that enhances compatibility between binder components and
metal powders. These studies will help improve the MIM feedstock properties. Furthermore, during our research
on PEG-PMMA system, we found an interesting problem “voids formation” during solidification. It was found this
problem is associated with PEG crystallization. Currently, our focus is to incorporate a crystallization inhibitor in
PEG-PMMA system thereby, eliminating the voids formation while maintaining the clean nature of this system.

Dr. Muhammad Hayat is currently employed as a research assistant at Auckland UniServices. He is a strong research professional
with a Doctor of Philosophy (Ph.D.) focused in Materials Science from the University of Auckland. Current research interests include:
powder metallurgy; composites; additive manufacturing and polymer chemistry.
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