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Complex parts

Material efficiency

Refractory materials

Time to market

Failures

Accuracy

Surface quality

Manufacture time 

Material portfolio

Energy intensive process

What is the limit for LPBF?

Wohler report 2021
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+15% p.a.
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Ti6Al4V case study – specific energy consumption

LPBF 

process

SEC:

83-588 MJ/kg

Raw material
529 MJ/kg PowderAtomization

32 MJ/kg

Inert gas

Energy 

supply

Final part

Support 

structures

8 – 90% of part 

volume 

Powder waste

5 – 10% of part volume 

200 g

82 g

10 g

3.9 h

95 MJ

154 MJ 9.3 MJ

-25 g

-22 min

-9 MJ

-13 MJ -0.8 MJ

-30% reduction off support structures

Can we decrease energy intensity?
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Why do we need support structures?
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Residual stresses

metal-am.com Leary 2014

Park 2017

Caprio 2020

Heat accumulation
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In-situ

mythriindia.com

Ex-situ
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How to mitigate residual stresses?

Caprio 2020

nist.gov lboro.ac.uk
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In-situ powder bed preheating
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How to mitigate residual stresses?

Ti6Al4VAlSi10Mg
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Powder bed preheating in LPBF

Physical phenomena in metal 3D printing

Markl 2016
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Markl 2016
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Powder bed preheating in LPBF

Effect of preheating on physical phenomena 

Ujihara 1971
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Processing of copper using LPBF
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High-performance material

EOS.com
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Aim of the thesis

Reduction of residual stress using preheating
Ti6Al4V, Inconel 939

▪ Reduction of support structures

▪ Decrease manufacture time

Increase of relative density of reflective material using preheating
Copper

▪ Functional improvement

▪ High-performance material
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matmatch.com

eos.com

Lower energy intensity

Life cycle energy savings
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Scientific question Q1,2
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Q1: Can the right combination of process parameters and 

preheating to 550 °C lead to the elimination of residual 

stresses in Ti6Al4V?
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Q2: How does preheating affect the residual stresses of 

Inconel 939? 

Reduction of residual stress using preheating

Ti6Al4V Inconel 939
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Materials and methods Q1,2

12/26
Defence of the PhD thesis
7th March 2023, FME BUT, Brno, Czech Republic 

Ti6Al4V

Inconel 939

Specimens preparation Evaluation methodExperiment setup

Distortion

Relative density and microstructure

200 – 550 °C

Laser power

Laser velocity

Time delay

Preheating

Distortion

Relative density

Preheating

Distortion

Relative density

Microstructure

Mechanical properties

RT, 200, 400 °C



Results Q1,2
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Distortion and residual stresses 
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Mechanical properties  
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26 %

-49%

25 %

Ti6Al4V Inconel 939

Hardness +12 %

Results Q1,2

Ali 2014

100 370 470 570 670 770  

Preheating temperature (°C)

S
tr

e
n

g
th

 (
M

P
a

)

E
lo

n
g

a
ti
o

n
 (

%
)

UTS 0.2% proof stress    Elongation

1400

1200

1000

800

600

400

200

0

14

12

10

8

6

4

2

0



Results Q1,2

15/26

Microstructure
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Ti6Al4V Inconel 939

Z

X

Carbide 

phase

2 μm

400 °C550 °C200 °C

200 °C 550 °C

Size +72 %

Occurrence per area +24 %
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phase

RD +3% RD ±0%
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Unfused powder

Powder exposed to 550 °C 

Powder State / Checked 
Elements 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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Results Q1,2

Ti6Al4V Inconel 939

RT 400 °C



Discussion Q1,2
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Q2: How does preheating affect the residual stresses of 

Inconel 939?

Ti6Al4V

Can we use preheating for reduction of residual stresses?

+ 16.2%

+ 4.2%

H1: Not confirmed 

Q1: Can the right combination of process parameters and 

preheating to 550 °C lead to the elimination of residual 

stresses in Ti6Al4V?

RS Increased 

Inconel 939



Scientific question Q3
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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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Can we increase relative density of reflective materials using preheating?

Markl 2016



Materials and methods Q3
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Copper

Specimens preparation Evaluation methodExperiment setup

LOM

200 – 400 °C

Laser power

Laser velocity

Hatch distance

Preheating

Relative 

density

Scanning strategy

Layer thickness

SEM, EDX
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50 μm or 30 μm layer thickness?

Results Q3
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+ 7%

95.9%

88.9%

Specimen 33

30 μm

92.2%

Specimen 2

50 μm

88.1%Preheating 200 °C
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Effect of preheating

+4.4%
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Results Q3

99.5%

200 °C

400 °C

Layer thickness 30 μm
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Powder

400 °C

Specimen

400 °C

Effect of preheating on unfused powder?

+ 2674%

+ 0%

Results Q3
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Q3: What is the effect of preheating on the relative density of copper specimens prepared 

with an LPBF system using IR fibre laser? 

Powder oxidationLayer bonding

Confirmed
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Discussion Q3

Can we increase relative density of reflective materials using preheating?

Preheating significantly increases relative density

RD over 99 %



General conclusion
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Can we decrease energy intensity of LPBF using preheating?

Life cycle energy savings

RD of copper over 99 %

Perspective for high conductive materials Cu, Ag, Au

Inconel 939 – Higher residual stresses
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Ti6Al4V – Lower residual stresses

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

Flexible thermal 

structure

Base plate

Miniaturized heat-switch component Al 150 W/m/K → Cu 386 W/m/K
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