3D Print Congress & Exhibition

Lyon, 6/2019

Digital Spare Parts

Jouni Partanen, Aalto University

The Boeing company has been utilizing SLS for flight hardware in regular
production since 2002, for both military2 and commercial3® programs
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Aalto University Schools
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School of Arts, Design and Architecture School of Electrical Engineering

architecture; art; design; media; film, television communications and networking; electronics and

and scenography nanoengineering; electrical engineering and
automation; signal processing and acoustics

School of Business

accounting; economics; finance; management School of Engineering

studies; marketing; information and service built environment; civil engineering; mechanical
management engineering

School of Chemical Engineering School of Science

bio products and bio systems; chemistry and applied physics; computer science; industrial

materials science; chemical and metallurgical engineering-and management; mathematics and

engineering systems analysis; neuroscience and biomedical
engineering
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What are Digital Spare Parts?

« 3D model and production information
are stored Digitally

* “Digital Ware House”

« Manufacturing only when needed —
for example by 3D Printing

« Manufacturing close to customer
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Digital Spare Parts Logistics

Conventional Parts Logistics Digital Spare Parts
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Jan Holmstrém, Jouni Partanen, Jukka Tuomi, Manfred Walter, "Rapid manufacturing in the spare
parts supply chain,” Journal of Manufacturing Technology Management, vol. 21, pp. 687 — 697 (2010).
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Digital Spare Parts Logistics Modelling

The Boeing company has been utilizing SLS for flight hardware in regular 1500000
production since 2002, for both military2 and commercial® programs

$1,600,000

§1,400,000

O Annualized cost of initial
inventory production

$1,200,000

@ Aircrafts downtime cost

$1,000.000
Blnventory carrying cost

@Spare parts transportation costs

Total operating cost

$800,000

1 Material cost

$600,000

$400,000

$200.000

Siavash Khajavi, Jouni Partanen, Jan Holmstrom, “Additive Manufacturing in the
Spare Parts Supply Chain”, Computers in Industry, vol. 65, pp. 50-63 (2014).
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Digital Spare Parts Project (DIVA) 2016 =>
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Why Digital Spare Parts?

* Reduced Inventory and Cost
* Faster Service and Less Down Time

Potential:

« Smart Digital Spare Parts
— Product Identification — Digital Twin
— Wear Monitoring

* Product Upgrades
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Animaatio
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Digital Spare Parts - Issues

Manufacturing Cost

Quality
— Warranty, Liability
— Intellectual Property Protection

Avallability of 3D model and manuf. data
— Reverse engineering

— 3D scanning

— 3D modelling

Business Models
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Break Even for 3D Printing vs.
Conventional Production
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Cost Analysis for 3D Printed Parts

Machine selection I I Manual input parameters Logistics & Storage
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3D Printing Spare Parts analysis

" Phase 1: Number of spare parts in the initial scope

Phase 2: Share of technologically possible spare parts
Phase 3: Share of technologically feasible spare parts

Phase 4: Share of technologically and economically feasible spare parts
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Why Digital Spare Parts?

 Reduced Inventory and Cost
« Faster Service and Less Down Time

Potential:

« Smart Digital Spare Parts
— Product Identification — Digital Twin
— Wear Monitoring

* Product Upgrades
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Digital Twin

—E Cloud Database
Digital Twin Identification

= & Release of Data
alBE
CADRIL_—

!
Discrete CAD Data
Access to

& ArChl\|f|eS E Web Server
>

0
b

®) (&

o
)
>

iscrete Link

Integrated Intelligent Part RFID Reader
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RFID Integration in Digital Spare Parts
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Topology optimization
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Reducing Cost trough Mass Reduction
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Digital Spare Parts - Issues
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Business Networks
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Thank you!

Jouni Partanen

Aalto University
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