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1 Introduction 3 Results

= In general, Laser powder bed fusion (LPBF) operates 3.1. Experiment
near the conduction-keyhole threshold to avoid pore defects.
Understanding the melt pool dynamics in this regime is
essential for process optimization.

» Surprisingly, strong inward flow dominates the melt pool.

=  However, observing the melt pool behavior in this regime is L a8 ok 300
challenging, even with synchrotron X-ray imaging, due to the 9 I et
lack of contrast from keyhole and pores. . NI .
=  The objective of this work is to visualize and quantify LPBF e BWARIRY 111111, - 200
melt flow using in-situ synchrotron X-ray imaging with <-100 E . T_» 100 pm
tungsten tracers, providing reliable data for calibrating AL
computational fluid dynamics (CFD) models. Ko : 100
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2 Methods ' X, pm ] T
* Mechanism: complex Marangoni effect due to oxygen content.
* In-situ synchrotron X-ray imaging is employed using the 300 2

MiniSLM machine [1] in TOMCAT beamline at PSI.

o

250

I )
57 e |
90 m/s?

(N-m%)

o

Particle tracing

Melt pool dynamics

O
"y,
oo~ >a
oo o oo eo o
Pl o -y oo o

>

e~ e, W

Inward flow Outward flow

®
»
L]

&
oy,
o,
g,

‘f«»,,,\ ~
2

12

Surface tension
9

- -]
o

@
(=]
[=2]
(=]
B
(=]
N
nN
o
St
o
o]
o
(=]
(=]
IS
(=]
o

2200 2400 26'€IJ 2800
Temperature (K)

i
g

3.2. Modeling
* Implementation in CFD modeling and validation
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* The material is commercial SS136L powder added by 3 wt.%
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tungsten particles as tracers. « Extension to higher scanning speed

Chemical composition in wt. % of 316L powder ‘H?\T’:i%ﬂﬁift\\
C o N Mn Mo Cu p Si N S O Fe ' NRCTLE 289
0.01 1760 1288 140 243 0.04 0.011 0.51 0.08 0.004 0.05 Bal. . ‘:l;,é,//”"“ y

* The melt flow is quantified by automatic particle identification e TN L I
and tracing protocol. - ' ' Voo w— | U e—

4 Conclusion

= The presence of inward Marangoni flow in LPBF

ith ial stainl teel @#:'.::!qjﬁm
with commercial stainless stee s 2
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= The complex Marangoni effect plays an
important role in melt pool dynamics of LPBF
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