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Laser Powder Bed Fusion

What is the limit for LPBF?
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Can we decrease energy intensity?

Ti6Al4V case study — specific energy consumption

-30% reduction off support structures
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Residual stresses
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Why do we need support structures?

Heat accumulation
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Ex-situ

How to mitigate residual stresses?

In-situ
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In-situ powder bed preheating
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How to mitigate residual stresses?

Ti6Al4V
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Powder bed preheating in LPBF

Physical phenomena in metal 3D printing

electron / laser beam

pool dynamics ) & absorption / reflection] SN powder layer
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Powder bed preheating in LPBF

Effect of preheating on physical phenomena

100 A=1064 nm
95 ’ vl - :
pool dynamics /) /
A= T T S
~ \
o \ W\
S 90
£ 7
3]
Q
...é — T
3 80 2 heat conduction
g L=
IS
=
. 450
70 L X
E 400
S
> 350
Al Z 300
60 400 . » 5
o T 250
27 427 727 1027 Temperature (°C) S
o
< 200
Ujihara 1971 =
5 150 ;
= 293 693

100

0 300 600 900 1200 1500 1800
Temperature (K)

Defence of the PhD thesis
7th March 2023, FME BUT, Brno, Czech Republic

Cagran 2000

powder layer

sintering

Markl 2016

Increasing temperature

8/26

Mercury

Schiaffino 1997

INSTITUTE OF MACHINE
AND INDUSTRIAL DESIGN



Processing of copper using LPBF

High-performance material
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Aim of the thesis

Reduction of residual stress using preheating

Ti6Al4V, Inconel 939
= Reduction of support structures
= Decrease manufacture time

= Lower energy intensity

matmatch.com

Increase of relative density of reflective material using preheating

Copper
= Functional improvement
= High-performance material

= Life cycle energy savings

e0s.com
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Scientific question Q. ,

Reduction of residual stress using preheating

Ti6Al4V Inconel 939
Q;: Can the right combination of process parameters and Q,: How does preheating affect the residual stresses of
preheating to 550 °C lead to the elimination of residual Inconel 9397
stresses in Ti6AI4V?
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Materials and methods Q, ,

Experiment setup Specimens preparation Evaluation method
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Results Q

Distortion and residual stresses
Ti6Al4V
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Results Q

Mechanical properties

Ti6Al4V Inconel 939
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Results Q

Microstructure
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Results Q

Unfused powder
Ti6Al4V Inconel 939

Powder exposed to 550 °C

PowderESI‘,é?rEg At(sihecked O (Wt %) H (wt %)
ASTM B348 Grade 5 Max. 0.20 Max. 0.0125
Virgin Ti6Al4V 0.087 0.0020
Ti6Al4V 200 °C 0.120 0.0020
Ti6Al4V 550 °C 0.330 0.0168
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Discussion Q, ,

Can we use preheating for reduction of residual stresses?

Ti6Al4V

Q;: Can the right combination of process parameters and
preheating to 550 °C lead to the elimination of residual
stresses in Ti6AI4V?

Inconel 939

Q,: How does preheating affect the residual stresses of
Inconel 9397
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Scientific question Q4

Can we increase relative density of reflective materials using preheating?

Q3 What is the effect of preheating on the relative density of copper specimens prepared with an LPBF system
using IR fibre laser?
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Materials and methods Q,

Experiment setup Specimens preparation

Laser velocity ®
Laser power s o
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Scanning strategy
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Results Q4
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Results Q,

Effect of preheating

Layer thickness 30 um

o Build-direction
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Results Q,

Powder
400 °C

Specimen
400 °C

IBuild-direction 500 pm
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Effect of preheating on unfused powder?
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Discussion Q,

Can we increase relative density of reflective materials using preheating?

Qs What is the effect of preheating on the relative density of copper specimens prepared

with an LPBF system using IR fibre laser?

Preheating significantly increases relative density

RD over 99 %

: SOOum'.

500um!
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General conclusion

Ti6Al4V — Lower residual stresses Inconel 939 — Higher residual stresses

'y f o

Life cycle energy savings

RD of copper over 99 %
Perspective for high conductive materials Cu, Ag, Au

Flexible thermal
structure

Base plate

Miniaturized heat-switch component Al 150 W/m/—> Cu 386 W/m/K
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Can we decrease energy intensity of LPBF using preheating?

Base plate and flexible thermal structure made of ALSI10Mg, MaSek 2022
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