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Powder and Process Control of Metal Additive Manufacturing (3D Printing)
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alloy, Ti alloy, Co-Cr, SUS, Ni alloy

o7ls

R SRS S

B Q| DIMIT R
-2lojd &2

M

o,
.
=
A =
AMEE 22)7]

1
2 o
H-|

al

T A O2EM It
|[Z2x 2 AAP|s 2EA| ®E

1
I
%

la}
n ~
O
H'|
Xy
§

”H]‘H(EP—P JEESS)
il £X42| 7| =Xst
4 B2 7= R
=(HIP)

x| 7|=(=sh

B
5

1
BlORomo
Jlrn ng op

% H
m o
rE i ru'I

4 El5 S)

Laser related

laser power
spot size
pulse frequency
pulse duration
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Materials parameters
size, density, shape,
flowabllity, etc.

Process parameters
laser power, scan speed,
layer thickness, etc.
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Quality of final parts
density, shape stability, surface rounghess,

mechanical properties, etc.
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Temp. related

3715 3D

Scan related Powder related

particle shape
particle size

flow properties

layer thickness

scan speed
scan spacing
scan pattern

powder bed temp.
temp. uniformity

Particle shape
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bulk density tap density

irmaguiar
spherical

Powder |
density |
‘miling

atomizing

Particle size &

distribution —

Powder
Eowdic. Flowabiltiy
Manufacturing i

Alloy Optical

Composition Properties Processability of a powder for AM

alloying clomants. absorption which aflec the addiive buld processos and the
refoction inal part propertie

transmission

Scanning speed (mns)
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constant scan overlap at 30%

+ Scan pattern
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constant laser pover at 90 17
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Fiber laser 100W (Nd:YAG)
Beam focus diameter: ~40 ym
Layer thickness: 15- 50 um

Build size: 90x90x80 mm (x.y.2)

3D =8 A SM2| 7IE MY

O Ay
gaxop

- AnlE S8 S

A BE FY/eF

KIMS



Powder and Process Control of Metal Additive Manufacturing (3D Printing)

@ Technology Overview

+ A 3D printing process where 3D metal products can be fabricated 3D prining K-Top 10
Yoot o i Process

flowability, etc. layer thickness, etc.

directly from 3D model data; all 3D printing technologies classified Cuomate *“g"""” O\ e T e e e )

Implanablo medical
oicss

as either "powder bed fusion" or "direct energy deposition" under the

ASTM regulations.
« This technology is next generation hybrid 3D printing technology -
that allows smart components to be fabricated by combining =85 o JESr Quality of final parts
. o . 30pining o i 1o o 5 techmlaes density, shape stability, surface rounghess,
materials and systems based on laser 3D printing process. Its focus g mechanical properties, etc.

is placed on (1) development of original material, (2) fabrication of
3D structures and (3) manufacturing of smart components having
diverse functionalities via a one-step process.

+ Designing and fabrication of multi-component alloy and composite Full cycle 3D printing technlogy

powder Laser related Scan related Temp. related Powder related
- Tool steel, Al alloy, Ti alloy, Co-Cr, SUS, Ni alloy
. laser power d particle shape
« Control of powder propertie spot size Seanichee powder bed temp. particle size

scan spacing

scan pattern flow properties

layer thickness

pulse frequency
pulse duration

temp. uniformity

- Powder size (distribution) and flowability phase and composition,
control of distribution
« Control of microstructure and physical properties of 3D structures . 2

Particle shape

and process optimization
- Laser power, scan speed, atmosphere, pattern, etc
- Strength, hardness, fatigue properties
« Fabrication of hierarchically porous and functionally graded structures
- Control of composition and porosity
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bulk density tap density

Powder
density

atomizing

Particle size &
distribution

Powder
- Flowabiltly
Manufacturing

- Control of functional properties (transmittance, filtering) k e
« Optimization of post-treatment of 3D structures al ontca
l0) cal
- Different heat treatment methods for different alloy Competon  Propertes Processability of a powder for AM
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transmission

- High performance surface treatment (nitrification, carbide, etc)

Scanning speed (mns)
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constant laser pover af 90 17

Laser power (W)

(%) drpaso ueas

Fiber laser 100W (NG:YAG)
Beam focus diameter: ~40 um
Layer thickness: 15- 50 um

Build size: 80Xg0XBO0 MM (Xy.2)

+Scan pattern

Spherical metal powder for 3D printing Control of process variables for 3D printing Printing and post treatment for 3D structures

@® Business Cases

Applications
* Mechanical parts including smart molds, parts requiring extreme properties in defense & aerospace, energy plant parts, hard-to-sinster parts melt at high temperature,
bio/medical products
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