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N Approximated market development

Another Dimension
The 3-D market is forecast to quadruple in the six years to 2022

$26.2 billion

$25 billion

20

15

Revenue*

10

$6.06 billion

2012 2014 2016 2018 2020 2022

Source: Wohlers Report 2017
*3-D printing products and services Bloomberg

\ls
FMT Sales on machines increased 80% between 2017-2018 (Worhlers report 2019)
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\o - Equipment: SLM Solutions 280 HL 2.0

il M et al 3 D - Build envelope 280 x 280 x 365 mm? - 700W laser

- Materials: Al-Alloys, Co-Alloys, Ni-Alloys, Ti-Alloys, Tool
P r I n t I n Steel and Stainless Steel
g — Research focus areas:
- Materials, design and manufacturing

r eS ear C h - Printing process and mechanical properties of 3D printed

materials
- Static and dynamic strength
- Corrosion resistance — Stress, spot and fatigue corrosion,

- AMin combination with other manufacturing methods
-  Cost effective post-processing process in the AM production

— Commissioned research

- 3D printing in commercial products and prototypes
- Design and prototyping

- Material testing

-  Feasibility studies

- Funding

I - M3Lab — project (ERDF — Council of Oulu region)

N/ - C3TS - project (ERDF — Interreg Nord)
POHJOIS-POHJANMAA - : : :

FMT I il RO Regien uropean Union - Hybridi — project (ERDF — Council of Oulu region)

European Regional

Development Fund University of Oulu — Kerttu Saalasti Institute — Future Manufacturing Technologies
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Generalities: Metal Additive Manufacturing *\

The building steps

SLM iy

BOLUTIONS | i

Previous layers

Spread powder =
l Initial plate
https://www.3dprintingmedia.network/sIm-solutions-presents-

\ - -
| SITTIS
N
https://www.slideshare.net/carstenengel/selective-laser-melting-versus- upgraded-sim-280-2-0-3d-printer-tire-technology-exhibition/
electron-beam-melting
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\ls
Type of i
[I.I\:'.I] material > Metallic
State of Solid + melted ;
fusion > Melted state state Solid state
Powder Bed Fusion Y Y Y ' v 1 Y
« Laser Powder Bed Fusion Material Filament /wire Powder mabertal Sheet
° € oC materia materia
Selective Laser Melting | feedstock ial ial
« Selective Laser Y Y Y ' Y Y Y
Sintering Material » Sheet
} Deposition nozzle Powder bed
* (Selective) Electron-Beam  |distribution stack
Melting
Direct Energy Deposition Basic AM Selective deposition of Selective fusion of Fusion of
- Direct Laser Deposition principle material to a substrate material in a powder bed stacked sheets
« Electron-Beam Deposition Y ! L ! ! Y '
Sofz;::nof> EE;::" Laser E::?Gc::;‘(:n Laser Ultrasound
\ I /7 = (ﬂg:[w Process Directed Energy Deposition Powder Bed Fusion Sheet
FMT ;IS% Ry category gy bepo Lamination
- 1 1 J | j j L 1
i i A\ A Y A \

’ ISO/ASTM 52900: 2015(E] FIG. A1.2 Overview of single-step AM processing principles for metallic materials
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Engineering /
Design task

L

Identification
or general
AM potential

L

AM process
selection

Technical
specifications:
Process-specific

Choosing AM method, validation and designing process by
standard ISO/ASTM 52910:20

Design of functional
integration aspects

AM design
guidelines

Build and process

specific limitations
and requirements

Check Costs

(or other decision
criterion such as quality
or delivery time )

\l/
FMT

Conventional design
and manufacturing
process

Optimization of
design features

Mechanical optimization
(topological, FEM, etc)

~— Structural optimization
(lightweight, internal
channels, etc)

AN

Consideration of technical
and business risks

v

B

Consideration of

technical limitations

Application
specific limits and
requirements

Final

optimized
part
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ISO/ASTM 52900:2015(E)

Additive manufacturing

(AM) == wun’
Single-step AM processes Multi-step AM processes
Fusion of similar material(s) Adhesion of dissimilar materials

Secondary processing such
as sintering and/or infiltration

Creatic S Ceramic ) Gamposts

FIG. A1.1 Single-step and Multi-step AM

process principles
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Nl . : :
Principle of selective laser melting
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Automatization of the AM Design
Process

Design Automation Worll( Pfreparatlop Auto-ma?tlop
. AM optimized CAD Platform ne§t|ng optimization
* Manufacturing parameter opt.

 Topology optimization
e Part manufacturing
orientation optimization

 Manufacturability opt. Post-Processing Design Automation

* Support minimization * Post-processing planning
General support  Manufacturing features
optimization e Machine programming

e Support-free design? * Management of the complete post-
Parametric models processing design

Iso-Junno et. al. A Short Glance on Metal 3D AM, ICMSE-RAC 2018
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DFAM
Key methods

Topology optimization

Optimization of the shape and topology

FEM based topology optimizers help designers to get an
optimal complex geometry

Multiscale structure design

Micro and mesoscale lattice and cellular structures for the
preferred properties

Multi-material design

Parts with multi-material or complex material distribution
Design for mass customization

Reduction of the cost and leading time in producing
customized products

Parts consolidation

Part count reduction and improved functional performance

Minimization of post-processing

Unified geometry with functional and
manufacturing properties
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' Designing

\l/
FMT

Designing is the base of everything. On
the other hand if one does not
understand what machine makes, one
can not use all its possibilities

Models and prototypes are definitely
yesterday. Fully functional industrial
solutions and devices

Trends; parts consolidation,
mechanisms etc.

Less weight, no joint surfaces, ultra high
strength materials....
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' Designing

Liebherr/Airbus development, courtesy of Airbus

FMT

Normal regulations on designing does
not apply. AlImost everything is possible,
corkscrew channels, inside chambers,
honeycomb....

By testing nice things can be found. On
the other hand there will be a lot of
disappointments and stuff. That is metal
3D AM

Used stl files and surface models,
actually triangles. The coming of real
route steering like G-code is still to
come

An accurate data from full pallet of parts
IS 2-7 terabytes
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a1 When

everything did
not go as
planned...
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Collapsing and bending
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i Case Gripper

SCIART

RETHINKING DESIGN

von Mises (N/mm*2 (MPa))

50
' 47
43

.40
.37
]
30

27

23

—P Yield strength: 250

ParetoWorks
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Process — How orientation
etc. effects on price

45 deg (30 pm, AISi10MgQ): 0 deg (30 um, AlSi10Mg):
Part volume 37203 [mm3] Part volume 37203 [mm3]
Support volume 10875 [mm3] Support volume 66165 [mm3]
Printing time: 12 h 30 min Printing time: 8 h

Post-processing: easy Post-processing: hard

90 deg (30 um, AlSi10Mg):
Part volume 37203 [mm3]
Support volume 9749 [mm3]
Printing time: 15 h 30 min
Post-processing: medium

es
1)



wn Process — Optimize the full area of
platform

45 deg (30 um, AISi10Mg): 6 kpl 45 deg (30 um, AlSi10MQ):
\ | / Part volume 37203 [mm3] Part volume 223218 [mm3]

Support volume 10875 [mm3] Support volume 65250 [mMm3]
FMT Printing time: 12 h 30 min Printing time: 29 h 30 min

Printing cost/part: 1000 € + post-processing Printing cost/part: 393 € + post-processing ... o

i ghopiote et caiaon oueaaen 1o v aeowe d €N tUOtaNtoteknologiat (FMT)



EU\E"I/] Wh a.t i S t h e - 200 pieces of firemans nozzle

(SLM280HL single 700W laser)

t f) - 725919 mma3 total
C O S ! - Supports 45236 mm3 (about 6 %)
- Total manufacturing time 133 h

- Approximated costs
- Machine time 133 h * 50 €/h = 6650 €
- Materials 573.5 €
- Manhours 8*75 €/h = 600 €
- Tulostusvaiheen kustannukset/osa
13873.5 €/ 200 = 39,1 €/osa
5 === _ Postprocessing around 30 €/piece
(Heattreatment, Finishing, Turnining the O-
: ring groowe)
T - Total costs 69.1 €/piece
\ls

FMT

22 Z X
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Requirements

\ls :
[EF AM De_Slg n Manufacturing method and
Guidelines material

N

1. Guidelines for SLM, FFF, etc.
2. Material specific guidelines and restrictions
Assembly or sub-assembly Topology ) ; )
into a single part | | optimizaton 3. Optimization of geometry
4 Mumfuncﬂona"ty'*( DFA/DFM iteration cycle . 1. Topology optimization
via multiscale |1 Reduce the total number ( Functional and : : .
creores mani | Of parts manufacturing 2. Taking into account the special features of the
material d’esign 2. Develop a modular design| properties in same manufacturing process
and/or parts 3. Use of standard part _ :
consolidation /  components - Part orientation, support structures, tolerances,
4. Design parts to be mult- geometric feature min/max sizes, residual stress, etc
DFAM functional A .
Design 5. Design parts for multi-use C[-‘-)engral 3. Mlnlmlzmg pOSt-pfOCGSSIﬂg
6. Design for ease of esign . .
focess PO S 4. Industrial design
7. Avoid separate fasteners

8. Minimize assembly
directions Alternative

Possible material and
manufacturing manufacturing
\ I / methods Design scenarios

guidelines

F M I UN \I[FSII\’O_J'DL_ILU

Materials ..-7
Cost analysis

FUTURE MANUFACTURING
TECHRDLOGIES
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EE‘,'/] PrOCGSS — — If one can make parts with

conventional manufacturing method,

Summary like milling and turning, it is allmost

Impossible to make it profitable with
metal 3D AM

— DFAM = Design for Additive
Manufacturing. Made parts should
be design for this method

— Profitable metal 3D AM parts are:

- Such that use the possibilities of metal 3D AM

- Structurally has such features that can not made with any
other manufacturing method

- Think parts consolidation and mechanisms

- Use nesting on platform, maximize the area

- The harder is to mill or the turn, the better for this method

\l/
FMT
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B Thank you for your kind attention!
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UNIVERSITY
OF OULU

I Contact Information:
\N1/ Kimmo K. Makela

F MT +358 40 823 5650

Kimmo.makela@oulu.fi
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