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Material processing categories

Oxygen cutting,

Machining, drilling, milling,.. sawing,.

Casting, forging, hardening,... Welding, brazing, riveting...
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ISO/ASTM 52900:2015

Terminology

ISO/ASTM 52900:2015 Additive manufacturing — General principles — Terminology

3D printing:

» Manufacturing of objects through the deposition of a material using a print
head, nozzle, or another printer technology.

* Term has in particular been associated with machines that are low end in price
and/or overall capability.

Additive manufacturing, AM

» process of joining materials to make parts from 3D model data, usually layer
upon layer, as opposed to subtractive manufacturing and formative
manufacturing methodologies.

Suggestion is to use word additive manufacturing about
» industrial fabrication of this technology!
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ISO/ASTM 52900:2015

AM Technologies / Processes

Binder jetting

Directed energy deposition
Material extrusion

Material jetting

Powder bed fusion

Sheet lamination

N o o kD~

Vat photopolymerization

https://www.iso.org/standard/69669.html
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- _ Economist  Aseninesoiigas
- Additive manufacturing got the i

Am

media attention The thlrd mdutr al

THE WALL STREET JOURNAL.
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Powder Bed Fusion

(a) CAD data

Electron or Laser beam

Platform Metal powder
(b) '

o]

Scanning the beam  Lowering the platform  Scanning the beam  Repeating the process up
and melting the and supplying new and melting the to produce a designed
first layer powder layer second layer structure

2015 Nakano & Ishimoto
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17.9.2020

Future Rocket Engines May Include Large-Scale 3D Printing

2

MNASA is developing new additive manufacturing techniques to fabricate very large and complex
components. These techno...
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EOS GmbH

@EOSGmbH

18.9.2020 y

Aflantic Council

Global supply chains disrupted: Additive manufacturing,
onshoring, and COVID-19 - Atlan...

Join us for another lively GeoTech Hour discussion as we consider how the future of supply
chains is being shaped by ...

84l UNIVERSITY
@t OF TURKU



19.9.2020 y

metal-am.com

World’s fastest fan-driven HIP from Quintus Technologies |
supports AM post-production at... - i
Tt

World's fastest fan-driven HIP from Quintus Technologies supports AM post-production at
PRES-X. Quintus Technologies, ...
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20.9.2020 ,

metal-am.com

ASTM International supports eight new standards projects for
Additive Manufacturing

ASTM International supports eight new standards projects for Additive Manufacturing. Global
standards developer ASTM ...
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21.9.2020 '

metal-am.com

SMS Group to supply Outokumpu’s new stainless steel AM
powder atomisation plant under s...

SMS Group to supply Outokumpu’s new stainless steel AM powder atomisation plant under
subscription contract. SMS Grou. ..
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24.9.2020 ,

Laser Focus World
New 3D-printing material for micro-optics has high refractive

index

With both a high refractive index (1.62) and a low Abbe number (23), Nanoscribe’'s new IP-n162
photoresin enables new ...
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Is AM 4th Industrial revolution

No, but its essential part of it

A
3rd Industrial
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AM market in billion USD

A
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§ $ 11.57 billion
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3DP market by region
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The Three Ages of Industrial 3D Printing

Mass

Flstomization

W

On-demand and
distributed
mantifacturing

Prototyping %
— F
/ courtesy of MTU Aero Engines

Today Time SpareParts )
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Advantages

Driving force

* Less restrictions to freedom of design
Advantages

* Ability to manufacture complex geometries
* Feasible small batch production

« Personal features to product

» More environment friendly (sustainability)
* New supply chain models

« More functions
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Weaknesses of the AM

Price of product

Building time, throughput time

Mechanical properties unknown, availability of material data
Restriction in part dimensions

Surface quality not good enough always, post processing required
» Accuracy partly unknown

* Process variations, depends on design etc.

 Quality assurance and verification
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AM - Digital process

Specifications

Requirements:

Functions
Performance
Load case
Interfaces
Price

Constraints:
- Manufacturability
- Installation
- Legislation
- Dimensions

»7 Improvement \\
4 by Redesign \

Digital design
and optimization:

Validation by
simulation:

Idea » FEM: mechanical
Topology & thermal
optimization performance
Utilization of lattice » CFD: fluid flow
structures performance
CFD

Heat flow

Bio mimetic
Post processing,
e.g. ALD

» Modeling of
performance of
digital product
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AM — physical process
Physical

Printing Part Finalizing
removal
« Installation machining
of build » separation Grinding
plattorm of pat from Painting

. Add|ng platform Coating
material
« printing
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Real Digital Manufacturing

L. 3DXpert

.
Print
-h\\,
0T A
% s
frmport Position & Create Optimize Simulate Optimize Calculate Arrange & Send Program
Data Modify Supports Structure Build Technology Scan-path to Print Fuﬁl—pru-r._ﬂ-nalrrg
\ Operations jJ
Prepare Optimize Manufacture
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Industrialization

CATEGORY 0 g CATEGORY 1§ CATEGORY 2] CATEGORY 3 ] CATEGORY 4 j CATEGORY 5] CATEGORY n

" Sma]l Sheets
=" Levers
= Bosses
= Inserts

.

= Seal Cammer

)\

= Outer
Air Seals

= Shrouds

= |nner
Air Seals

= |nterstage
Seals

= Var. Guide
Vanes

= Blades

= Honeycombs

-

= Panels
= Faimnngs
= Bearing

Cases

Karl-Heinz Dusel, MTU Aero Engines AG, May 2014

= New Design
= Gamma’

strength-
ening
matenals
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Industrialization

1.000.000.000 -
Additive Manufacturing - Level of Industrialization
100.000.000 - . Full Rate Production - - - xS
- .
O Production just started Asro Enging
H0.000.000 O Production not started '
- 1.000.000 - m
i °"““1ﬂ 1g Industrial
L Eorrari 430 — _ Gas Turbine
100.000 &
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i 10.000
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; Compressor
y: 0 Gear
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Breakeven analysis

Breakeven Additive
point manufacturing

Conventional
manufact uring

Cost per unit manufactured

Units manufactured increases
Units weight increases
Unit simplifies

3DP changes the
normal product
paradigms

Unit price don’t have
to degrease by
volume, weight and
simplicity



Reduction of number of components

From 16 parts to 1
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T-joint

i i Conventional
Conventional manufacturlng:

Flow of hydraulic fluid is not optimized.

Conventional manufacturing method causes sharp
edges.

}g‘ LUT
«?* University

Student project
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LEAP fuel nozzle tip*

95%

INVENTORY

REDUCTION

30%

COST EFFICIENCY

25%

REDUCTION

IMPROVEMENT

Source: GE Aviation

*LEAP is a trademark of CFM International, a 50/50
JV between GE and Safran Aircraft Engines.

Comparison versus TAPS fuel nozzle

Sx MORE
DURABLE
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Use of AM in filtering

Pressure difference between inlet flow and outlet flow determines the

amount of energy needed for pumping.

Turbulence in flow causes increase to resistance of filter i.e. filtering
efficiency decreases - Amount of inlet flow has to be increased i.e.

energy needed for pumping is increased,
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Perforated plate

Mesh filter 4

d

Source: Neil Burns (Croft Additive Manufacturing)




Use of AM in filtering

|dea enabled by AM:

If the fluid channels and holes in the filter could be aligned with fluid
flow, turbulence would decrease - pressure drop would decrease -
less energy needed for pumping.

This structure is possible to manufacture only with AM.
Material: SS316L

Source: Neil Burns (Croft Additive Manufacturing)



Motorcycle frame, BMW
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Electric Polymer Motorbike
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3D printed tire
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Thank you for your attention

Any questions ?
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