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» We can identify the following AM period’s time-line:

= 1980 -1995 Pioneers
1995 — 2000 Rapid Prototyping & rapid Tooling
2012 - ASTM  Terminology: Additive Manufacturing
2000 - 2010  Early Adaptors
2011 - 2015  Euphoric explosion DIY extrusion printers

m 2015 - 3D Printing as synonym

m 2016/17 can be recognized as a breakthrough game-
changing milestone in the AM on the way to wide
industrialization.

m Large companies and 2D printers enter the challenges
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America Makes

“3D printing that has the potential to revolutionize the way

we make almost ever¥thing“ President Obama
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= Digitalization

= Industry 4.0

= Sustainability

= E- Mobility

= Natural resources

= Biomimetic
= Bio Manufacturing

= BIOLOGICAL TRANSFORMATION OF MANUFACTURING
= Biologization

= Biological Materials

m_Bio Economics
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Geometry coordinates
Geometry

Polymers
Technical Ceramics
Natural Ceramics +
Composite +t

Natural Materials +++
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Closed loop
Productivity
Repeatability

Automation
Part and powder handling

Batch to continues

System /
Design for AM Process

3DP design

Polymers
tool

Metals
Ceramics
stream/ i Composite
Down Bioloaic
stream

Part finishing II.- Up
Coating
Modifications

Medical devices Industry

Scaffolds Application Avlation

Organ printing (3 Automotive
Jewelr
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Stereolithography, Envisiontec DLP, Micro-SLA, 2 Photon

Liquid Photopolymers,

Ceramic or Metal filled photopolymers » ‘
2_Material Jetting Process

Multiple nozzles Single nozzles

Thermoplastics, Wax or Photopolymers, Metals,
Optical materials, Electronic materials

. Binder ing br
naing agent IS selectively deposited

to join powder materials.
Polymer, Metal, Ceramic powders » ‘

4. Material Extrusion Process

ite

Thermal m Thermal post processing__

FDM Polymers, col

Chemical
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Terminology - Process Catedories 11 (2012) _ ¥§ji" S
| 5. Powder Bed Fusion Process = |

SLS, SLM, EBM . » 3—‘—5 Y
Polymers, metals & ceramics powder - =
6. Sheet Lamination Process o

Bonding, hot melt, glue, US welding Bel Sekein, S00b by
" Paper, Metal, Polymers

7. Directed Enerqy Deposition Process
i focused thermal energy is used to fuse materials by meltina as thev are
being deposited e

Metal, polymers, powder, wire : _

Pl S

‘ Chemical ‘ Thermal m Thermal post processing___

]
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Source: Wohlers Report 2016

r More than 278,000 desktop (under $5,000) 3D printers were sold worldwide last year ﬁ
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Economy SLS Systems (June 2018)
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*Country: Poland *Country: Switzerland *Country: United States
*Build volume: 150 x 200 x *Build volume: 130 x 130 x *Build volume: 165 x 165 x 320
150 mm 130 mm mm
*Price: $6,990 Price: $5,350 *Price: $9,999

(=

TRt e
roER

*Country: Russia

ROt e
roER

*Country: Russia

*Build volume: 180 x 180
x 180 mm

*Build volume: 180 x
180 x 180 mm

1
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o o 02 03 04 05 0@ O O8 o " 12 13 % % * 17

Dramatic rise in metal AM system sales Source: Wohlers Report 2018
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Application specific 3DP Evolution
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—

Generic

Process & System specific
Design -~ material specific
Application specific
Manufacturing specific

Marketing & sale specific
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Installed Base by Industry

= Aerospace

» Automotive

= Academic Institutions
« Dental

s Medical

= Service Bureaus

u Other

R

TTA
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_ Other visyal aids
Education/research 2 go;

7.3%  presentation models
7.1%

Functional parts Fit and assembly

33.8% 16.0%
Patterns for prototype
tooling
Tooling components ~ Patterns for metal 7 4o,
7.4% castings
Source: Wohlers Report 2017
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s 4 aE 180 - 490!
SELDImY Global Estimates for 3D Printing Market 2020 to 2025 gty
$500 by 2025
$60
$418
$50 by 2020
$40
$13-.218 $178 $218
o~ $128 $128 by 2020 by 2020 Py 2020
520 by 2025 by 2020
“ e B B B
G [ 2% 2x 4x 3x 4x 8x
2015 Lux Credit Svisse  Morgan AT Kearney Wohlers ARK McKinsey
Research Stanley
Source: ARK Investment Management LLC
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‘Biomedical engineering (BME) advanced complexity

-

COMPLEXITY

-

Scaffolds (Top-down
approach)

-
Implants
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l" .
In situ
manufacturing

24 g Cell aggregates
(Bottom-up
approach)

>
MORE NATURAL (BIOMIMETIC)
r Gideon Levy® 05/2018 TTA ﬁj
Medical and Life Science models a promising future T7A
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Healthcare applications T7A
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BioNEEK

PEEK Eionic Knee Brace

MTAMSYS

infinite possibilities
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Planning rechn ;-
- ' Stratasys

FOR A 3D WORLD

The Challenge

Co-joined twins to undergo surgery

require separation of blood vessels —

impossible to plan using 2D X-Rays

The Solution
3D printed model reduced procedure to
22hrs instead of 97hrs

“No matter how good our 3-D graphics are,

there is nothing like a model in your hands”

Hen“ K. KawamotoI M.D.i D.D.S. UCLA Medical Center L P,
Gideon Levy® 05/2018 TTA E

Dr. Anthony Atala (USA) : 3D Printing of Body Parts T7A
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Institute for Regenerative Medicine in North Carolina
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= |
expectations
Diected Energy Deposition 3D Printed Surgical Implants

3D Printing in Supply Chaw

3D Broprinting for Life Science RED
30 Prrang of Medical Devices

30 Biwprmted Human Tissue
Consumer 30 Printing

Macro 3D Prntng 30 Printing in Manufacturng Cperatons

3D Printing of Dental Devices
30 Prntec Electromcs and Fabrcation

As of Juty 2017
Innovauon ~Peakol Trough of ! Plateau of
Trigger Inflated Disilusi Siope of Enkghtenment Productivity
time v
Years to mamstroam adoption: cbsolete
Olessthan 2years ©2toS5years @S5l 10years A morethan 10 years ® before plateau
r Gideon Levy® 05/2018 TTA ﬁ |
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= Laser vs Non-Laser

®  Voxelization
®  Size and Productivity

Material for Processes
AM work flow

® Dataflow Design Simulation
®  In situ control

o

= Automation ) ) . )
5. Economical and Functional justifications

Already in Manufacturing

7. Complexity challenges ahead
®  Standards
=P

o

s. Conclusions
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1'he value chain In product creation

Gideon Levy® 05/2018 TTA

TTA
Technology Turn Around

| |

LASER and no-LASER AM systems vs. materials Technology;':fn Around
Polymer  Metals Ceramics Composite
Impossible
Objects
EnvisionTec
Marktforged
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Industrial AM Machines by AM Process Typo indusdrial AM Matleriaks by Material Tyos

Wax Carmm
o IR |

[EE T
%
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HP Muilti Jet Fusion Process§
MULTI JET FUSION PROCESS:

APPLY APPLY
AGENTS ENERGY
s m
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Continuous Liquid Interface Production

Dead Zone

Projector

Gideon Levy® 05/2018 TTA E

carbon3d A
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CLIP — Continuous Liquid Interface Production — is a photochemical

process that makes it possible to produce parts with excellent
mechanical properties, resolution, and surface finish.

Traditional Clip

3D printed parts are notoriously Parts printed with CLIP are much more
inconsistent. Their mechanical like injection-molded parts. CLIP
properties vary depending on the produces consistent and predictable
direction the parts were printed due to mechanical properties, creating parts

Gideon Levy®© 05/2018 TTA E
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Positioning for plastic part AM manufacturing T7A
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=
=
S o
e N
N
low medium high
Complexity
Positioning for plastic part manufacturing:
»AM - Addetive Manufacturing;
»>Ml - M!cro_ Injection;_
| Gideon Levy® 05/2018 TTA ’ o E |
metal jetting basics i - T7A
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Print Head

Droplet touches Tray Evaporation

* 24 (heads)
* 512 (nozzles)

)(JET AAUTODESK' * 18,000 (droplets/sec)

YIET 221 Million dps

19



The Xjet System and demonstrators
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Composite IMP QBJECT
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Composite part T7A
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Metal parts Direct and Indirect parts with AM T7A

Technology Turn Around
Metals Matel:ial I\{Iatt?rial Binder jetting Vat Phloto.poly- S-heef Powd?r bed | Direct er!ergy
—_— extrusion jetting merizasion lamination fusion deposion

2 stage (+ debinding/
sintering)

++ + +H

Indrect (casting:
pattern cores etc)

+ + e -+

r———————__?h—q

t...3

i

s H

Directed Energy - Direct Ballistic
Deposition .

Gideon Levy® 05/2018 TTA 44 ﬁ

21



11reiauve 1O

. TTA
usual OptlonS Technology Turn Around

PM - Sintering

104

Investment
Casting

Addtive Manufacturing

Low Medium High

Quantity
o
w

-
o
N

e‘.\é‘f

\

Geometric Complexity

| Gideon Levy® 05/2018 TTA E |

Material (roods) extrusion process (2 stage) o
Technology Turn Around

Phh

Desktop Metal

i i
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Fonon (htto://iwww.fonon. A 74
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' tusion - | ‘
i e e
b
AL
] MASSIVit 3D T7A
Technology Turn Around
= e VI max. printing size
HEIGHT 180 cm WIDTH 150 cm DEPTH 120
cm

= Massivit 1800 employs ground-breaking Gel Dispensing Printing
technology to deliver incredible productivity, awesome results and

P 4

Wassiet MO

Gideon Levy® 05/2018 TTA
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Multiax International
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ADIRA / GE Additive

Common Goal
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Additive

« Tight tolerances * Internal features

« Surface finish control * Bimetallic parts

e Threads - Difficult materials to
* Large parts cut

* Faster cycle times

51 Gideon Levy® 05/2018 TTA
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Production P
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Justification

* Material

« Time

» Tooling

* Machining

Rework

Gideon Levy® 05/2018 TTA

"Metal Laser Sintering Hybrid Manufacturing” 774

Technology Turn Around
—

: e NN »w LUMEX Series
* Innovation by » Matsuura nj
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r— Approach and Findings —

4 - - _'0 g * T
ca Hardness measurement, Ti-6Al-4V Turbine blade, Inconel 718
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2. Process

= Laser vs Non-Laser
®  Voxelization

4. AM work flow

® Dataflow Design Simulation
® In situ control

= Automation ) ) . )
5. Economical and Functional justifications

6. Already in Manufacturing

7. Complexity challenges ahead
®  Standards
=P

s. Conclusions
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Materials relative importance over time T7A
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-
16000BC  5000BC D 1000 1500 1800 1900 1940 1950 1980 1990 2000 2010 2020
opper
Brmzle | Metals ] Metals
g Glassy metals
Cast Iron .
Polymers Al-lithium alloys Devalopment slow :
» 1e0is iy quali
8 | “weas LElastomers N Dual phase steels | peoae) ooty
o oy 5
Skins N processing
g Eibres Sieels Microalloyed stesis
8. Glues Light New super aioys
£ Alloys Polymers,
= = Rutber
= Composites Super Alloys elastomers
= 7AW - Brick p
= W Drick papar Titaniim igh temperature
o Zirconium JAlloys polymals
o Flint Ee High modulus Composites
Potte "gl Caramic composites
fass Nylon yasters etal-matrix
Cement PE poxies composites.
Ceramics, Refractories :g h;‘,As é%ryhcs eramics,
glasses Portand _ - glasses
Cement Fused ough engineerin
[MEASE : - 2 i Sibea Cerami 2:0. aNe, PSZ stc
T T
10000BC  S000BC O 1000 1500 1600 1900 1940 1960 1980 1990 2000 2010 2020
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Diffwww.araniadesion.cony and 3DP materials

= Carbon Cast LoW alloy Tj alioys Stainless
Strength - Max service temp.| CFRP steels ions steels g, o steels

Mg alloys

Technolog

CIRANTR

Strength, oy (MPa)

Silicone
elastomers-

Butyl rubber

Cork
Foams

Flexible polymer

300
Maximum service temperature, Tyax (°C)

TTA
Turn Around
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Process / material matrix T7A
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Process/material The following table shows the intersections between the AM processes and the
. available material families and applications, such as investment and sanding
matrix casting. As can be seen, some processes are inherently linked to certain
materials.
Vat Directed
Material Material Binder photopoly- Sheet Powder energy
extrusion jetting jetting merization | lamination | bed fusion | deposition
Polymers, polymer blends X X X X x' X
Composites? X X X X
Metals X X X X X
Graded/hybrid metals® - -
Ceramics
Investment casting patterns X
Sand molds and cores ']OSt pr
Paper

Source: Wohlers Associates, Ing
Footnotes:

1 The sheet lamination syste
2 Includes filled materials.

3 votton anoney depastion '“?’TéWﬂ?“oc"‘“ a4s bio-materials (cells
are avail

Gideon Levy® 05/2018 TTA
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Bepmmrilr i Fhowe [V

Tiavapaatiee C1 T
"

Dr. Antonio Felipe Amado Becker
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Aus

EBSD basierte

quality image

quality image mit der

der

Dr. M. Cloots PhD Diss. ETHZ 2017
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spurabstand Scan distance

for porosity and cracking T7A

Technology Turn Around

8
Porositat

e

“ 5. :
&7 0
///;.,NW porosity

Rissdichte

\' — 0.33
.1 0.22

0.1
0.05

0
cracks

density

[mm/mm?]

/9/8,

600 750 200 1050 1200

Scangeschwindigkeit Scan speed
[mmi/s]

Dr. M. Cloots ETHZ PhD Diss 2017
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CIRP Annals - Manufacturing Technology 65 (2016) 213-216

C lists available at Sci Direct

CIRP Annals - Manufacturing Technology

journal homepage: http://ees.elsevier.com/cirp/default.asp

Microstructure and mechanical properties of as-processed scandium- @
modified aluminium using selective laser melting b, -4

Adriaan B. Spierings **, Karl Dawson ”, Mark Voegtlin?, Frank Palm ¢, Peter J. Uggowitzer ¢

? Innovation Centre for Additive ing, INSPIRE-AG, L 5, CH-9014 St. Gallen, Switzerland
" Centre for Materials and School of Engi of Liverpool, Liverpool, UK
¢ Airbus Group, Innovations, 1X2, 81663 Munich, Germany
“ Laboratory of Metal Physics and Technology, Department of Materials, ETH Zurich, Wolfgang-Pauli-Str. 10, 8093 7+~ “_o
Submitted by Prof. Dr. Gideon Levy (1), TTA Technology Turn Around, Switzerland ‘t\\e wav
it paN® ]

ARTICLE INFO AB“"

Keywords: oi a\\ov sv “ed a\\oY -wwards optimized lightweight structures for

Selective laser lnl:ltm- s “d\ g “h\s " .. auminium alloys are of special interest to reach a

-‘\lllmmlll"‘ 0‘ m‘d* ~. presents the developmenl of appropriate selecuve laser meltlng
\\ “ “c\p O‘X\e . 10r a scandium modified ium alloy (Sc ), reaching

F“ p“ —anical properties of as-processed ial are analyzed, pointing out a ¢ bly low

7 _ropy with regard to the build orientation. A fine-grained microstructure is observed next to regions

of coarser, elongated grains. The paper discusses the observed microstructure, and concludes with

“e deve\ suggestions for innovative material design for AM.

© 2016 CIRP.

]
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Metal Powder for Process

Fe Noflow 32 (41%) 4.4 (56%) 7.87 1.38

Invar 36

Q Mechanical properties of this bt Gt

. . Invar 36 + HT
mixture were comparable with laraE A
Invar 36 specs.

75% power AP
Q Thermomechanical properties of EANpONE

75% power + Ann

the printed parts had more

scatter than Invar 36 but were 100% power AP
generally within alloy 100% power + HT
100% power + Ann

Gideon Levy® 05/2018 TTA
1 b T inle Ot Ll lC O 1

4.1
3
4.0

4.5
5.1
4.3

4.6
4.9
4.1

7.3-8
Tk
7.3
7.3

75
7.5
8.0

A |
73
6.8

Powder D, | D95 | D90 | D50 | D10 | D5 | .
Fe Rl B0 T EEEE Al szt
Ni 12.5 245 207 11.7 4.9 3.9 inmicrons. .
64Fe 36Ni mix 126 254 213 1.7 48 318 .
. = ) erlap
Powder FIOW | Papp, 5 theo. | Prap, %theo. | Pineo. Hmmner + Beam Speed: 2500 mm/sec

Ni Noflow 3.6 (40%) 5.0 (56%) 8.91 1.39 Material CTE CTE
64Fe 36Ni mix ~ Meflew 3.3 (40%) 4.6 (56%) 8.24 1.39 260 °C S7319C

3.4-5.0

4
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Red: Ref: Cartech

HT: Heat Treated
1310 C

Ann: Annealed
815C

AP: As-printed

CTE: ppm cm/cm/C
All samples measured

In “Z” direction.
Average of two data

points.
@]

Outside of spec.

New Steel Alloys For Metal 3D Printing

NanoSteel

a new class of steel powders
that combine high hardness
and toughness and are

printable at room temperature
using standard commercial
equipment.

Applications: ¢ Tools, dies and

fixtures * Valves * Gears

BLDRmetal™ L-40 Kev Features:
v Case Haraenlng: Up fo 74 HRC
v High Core Properties: Hard: >50

HRC Ductile: >10% Elongation
v Tough: 65J (v-notch, as built)

PN
[}] NANOSTEEL

STEEL. REDEFINED'

v Easx to Print SRT to 200°Cz
Gideon Levy® 05/2018 TTA 71 &
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NanoSteel M-2 Tool
AM1a Steel Stee! Sted!

IS NANOSTEEL =

STEEL. REDEFINED? Technology Turn Around

Hiln
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A-2Tool D-2Tool 4140 Q&T Stellite® &

al400°F  HIPed

SYMPOSIUM

®  AAM WorksHor 2016

Additive Manufacturing is |
adoption. In some fields st
aerospace industry, it is ra
production of highly compl
currently focussing on imp
and productivity. At the sa
the conclusion that a rene!
during the AM processes is
application.

In this workshop, we will focu
based composites for AM, i.e.
and on materials by AM, i.e.
effectively by AM. The entire
to processing and post-proce

r well as industrial researchers to partcipate In the worksnop.

[ AAIVID - ALLCUTO TUR ADDITIVE VIANUTMACTURING

AAMS2017

Alloys for Additive Manufacturing Sy

September 11th-12th 2017
Empa, Disbendorf, Switzerland *

As Additive Manufacturing tec
more industries, the focus of |
materials in use. Additionally,
academia and industry realise
produce materials that were
f in hni or
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Alloys for Additive
Manufacturing Symposium
2017

Beginning: Sep 11, 2017

End: Sep 12, 2017

Location: Empa AKADEMIE,
Dibendorf, Uberlandstrasse 129,
Switzerland

Host: Empa-Swiss Federal

“1uare - B

ey e

g
Additive ing Symp:
of these issues by researcher:
scientific issues pertaining to
and composites including a m
conference.

$ " SEPTEMBER 2018
DDITIVE MANUFACTURING
OSIUM 2018 (AAMS1S)

Gideon Levy® 05/2018 TTA E
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GRANTA

Ultimate Tensile Strength (MPa)
¥

m-d&uk(;:*-h)
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LIght-VVEIght “material™ selection done by geometry A4
Technology Turn Around
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]

Young's modulus, gigapascals

%

")—-4 A 1 A '
1 107 107 w0
Density. kilogram per cubic meter
Materials designed with new additive manufacturing techniques exhibit high stiffness

and low density, occupying a previously unsettled area of the Ashby material
selection chart for Young’s modulus (stiffness) versus density. The octet truss

Gideon Levy® 05/2018 TTA ﬁ
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ADDITIVE
MANUFACTURING

OF

CERAMIC MOLDS [[IS
AND INSERTS Vice President,

Healthcare &
Education
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WZR uses the powder bed based 3D printing of ceramics
since 2008 as a production method to produce
components for industrial use

The material is called CerPrint® Alox-01, it is sintered at 1600 ° C and
then consists of a pure ceramic having an AlI203 content of min.

99.5%. In addition, a special compound for the prin

https://wzr.cc/en/
Gideon Levy® 05/2018 TTA 80 E




Process Development SLM of Net-shaped Ceramics

SLM for Ceramics
Experimental Setup I/l

Homogenisation Scanner

= CO, laser-preheating

‘ Decrease of thermal gradients

during selective laser melting ., ... ceun

Pyrometer

Pawder distribution

with the CERAMAKER printer: zirconia, alumina, hydroxya

5
Gigeon Levy© 05/2018 TTA

(prehealing) ;u,
Heat Powds N
i AR —— owder reservoir
k f . Substrate ‘r
Crack-free specimens SLM pant -
platttorm
13
Zi Fraunhofer
T @
EOCERAM Al
FArRnies Casamice Technology Turn Around
b % e NN B W =

3DCERAM offers several types of éeranics formulated to be printed

ite/TCP,
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Lateral resolution 40 pm (635 dpi) 60 pm (423 dpi)
Layer thickness 10 - 100 pm 10 - 100 pm
Number of pixels (X,Y) 1920 x 1080 1920 x 1080
Building envelope (X,Y,Z) 76 mm X 43mm X 170 mm 115mm X 64mm x 200mm
Data format stl (binary) stl (binary)
Light source LED LED
Building speed up to 100 slices per hour up to 100 slices per hour

" THO2

Manufacture the future.

Gideon Levy®© 05/2018 TTA 83 ﬁ
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Suzhou-based
construction-materials firm
Winsun New Materials
says it has built 10 200

square-meter homes using
a gigantic 3-D printer that
it spent 20 million yuan
($3.2 million) and 12 years

developing.

Winsun’s 3-D printer is 6.6 meters (22 feet) tall, 10
meters wide and 150 meters long, te fim said, and the “ink" it

uses is created from a combination of cement and glass fibers. In a nod to China’s green
agenda, Winsun said in the future it plans to use scrap material left over from construction

| Gideon Levy® 05/2018 TTA ﬁ |

Wasp - Massa Lombarda — 48024 Ravenna o
Technology Turn Around

of founder Massimo Moretti gained in the world of electronics and mechanics. The
company develops innovative projects: continuous research and state of the
art

And that is how WASP (World’s Advanced Saving Project) was created in 2012. A project
focused on developing 3D printing and that finds its roots in the world of Open-source,

trying to give and put into circulation know-how and tools. WASP manufactures solid

professional printers with the aim to encourage sustainable development and in-h
production.
R L A e

Delta WASP Delta WASP
40100 Clay 2040 Clay
a
b ° « -.—w_‘
/4 \ //
r% 4“%*
‘ \‘!
|1 i

BigDelta 12m  umse@ - Delta 60 100  umse@ = -
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Printing volume: $400mm x H1000mm
Layer resolution: max 0.5mm

Nozzle: @1.2mm (as series)

Maximum printing speed: 150 mm/s
Maximum travel speed: 150 mm/s
Acceleration: 500mm/s

MATERIALS

Ceramic materials: porcelain, erthenware,

gres, refractory, clay

W
r

A~

i)
(G
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LDM WASP Extruder

LDM (Liquid Deposit Modeling) WASP
Extrude

TTA
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Material (Powder)

Thermal Absorption Density
Consistency
Chemical State (age) Resolution
. Details
A Physical Geometry
Consolidation Properties Accuracy
Cladding Layer thikness

Surface finish

Wave Length Scan Speed
Spot Diameter
Power Scan Strategy

Beam Mode

| Gideon Levy®© 05/2018 TTA

Scan Space

Layer thikness

Productivity
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= Geometry

= Orientation

= Heat Source
= Scan Strategy
= Cooling Solidification
= Thermal history

cellular solidification

dendritic solidification

Microstructural characteristics of the nickel-based alloy IN738LC and the cobalt-based

alloy Mar-M509 produced by selective laser melting

IChael LIoots, Karsten Kunze, Feter J. Uggowitzer, konra €8ENEer (Materials Science & Engineering A 658 (2016) 68-76 )
Gideon Levy® 05/2018 TTA 90 E

Laser scan patterns (outline and hutch-fill) e /ogyrr:fn R

loses,
ungesintertes Pulver
Bauteil

gesinterte
Schichten

selektives Lasersintern sequenziell
aufgetragener Pulverechichten

Islands scan strategy “End of Vector” Stochastic 11ll shooting
(courtesy iRPD) [15]

<— Scan vector
—— Bisector

3 =
L1 ‘Strain Output (PE) / Section AA

Figure 10: Model output for the Bisector scanning pattern
showing the plastic strain in the 1 or x direction after
processing.

Figure 1: Principles of Bisector scanning pattern. ﬁ
r Gideon Levy® 05/2018 TTA
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Simulation of the effect of different laser beam intensity

profiles on heat distribution in selective laser melting

Gideon Levy® 05/2018

Tim Marten Wischeropp'®, Raul 5alazar®, Dirk Herzog®, Claus Emmelmann®

ﬁ
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Based on the experimental results it can be concluded that axial powder feeding is very
beneficial from the point of view of high powder catchment efficiency. In a combination

with a proper LBID a low dilution with good bonding at the clad edges, and low porosity of

B aa
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