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Magnesium alloy implants
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State of the Art — Lattice structures production
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% PBF-LB production limitations: strut inclination
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State of the Art — Lattice structures production

2017 2018 — 2019

2016

Delroisse, P. et al.
% Thermal flux density and direction

++ Two areas in inclined struts

% Difference in pore distribution and volume of porosity

+»» Microstructure
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State of the Art — Lattice structures production

2018 — 2019

2016 2017

Dong, Z. et al.
% Influence of diameter and inclination on Ultimate Tensile Strength (MPa) and Elastic Modulus (GPa)
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State of the Art — Porosity
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+» Hatch distance
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State of the Art — Porosity
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% Laser power and Laser speed
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State of the Art — Porosity

Pauly, S. et al.

% Laser strategy
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State of the Art — Surface roughness and Dimension
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State of the Art — Magnesium alloy
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Scientific questions

The main goal of the thesis

The thesis aims at optimization of PBF-LB process parameters and scanning strategies for
producing high-quality lattice structures from aluminum and magnesium alloys.

Scientific questions

Q1: Does the contour strategy reduce imperfections in PBF-LB lattice structures?
Q2: Do the lattice structures from WE43 achieve density above 99.5% using contour strategy?

Q3: Does the contour strategy improve mechanical performance of WE43 lattice structures
compared to the hatch strategy?

Hypotheses

H1: Lattice structures require tailored PBF-LB parameters, especially contour strategy, to
reduce imperfections caused by limited heat dissipation in low-volume geometry.

H2: PBF-LB lattice structures from WE43 require optimization of production and process
parameters to minimize defects and achieve high material density.

H3: Contour strategy can reduce material imperfections that weaken mechanical performance
in lattice structures.
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Scientific question 1

Materials and Methods — Input parameters definition

Scientific question 2 Scientific question 3

Imperfection reduction
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Materials and Methods — Imperfection reduction AI

Scientific question 1

Procedure and Outputs

/ +» Perspective process parameters
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Materials and Methods — Imperfection reduction AI

Scientific question 1

Procedure and Outputs
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Materials and Methods — Imperfection reduction

Scientific question 1

Procedure and Outputs
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Materials and Methods — Imperfection reduction AI

Scientific question 1

Procedure and Outputs
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Materials and Methods — WE43 lattice structure “s

Scientific question 2

Procedure and Outputs
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Scientific question 2

Materials and Methods — WE43 lattice structure

Procedure and Outputs
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Scientific question 2

Materials and Methods — WE43 lattice structure "s

Procedure and Outputs
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Materials and Methods — Mechanical properties "s

Scientific question 3

Procedure and Outputs
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Materials and Methods — Mechanical properties “s

Scientific question 3

Procedure and Outputs
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Scientific question 3

Materials and Methods — Mechanical properties

Procedure and Outputs
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Materials and Methods — Mechanical properties “s

Scientific question 3

Procedure and Outputs
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Materials and Methods — Mechanical properties "s

Scientific question 3

Procedure and Outputs
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Results and Discussion

Scientific question 1 - Imperfection reduction

Contour strategy input parameters

. 14974 Max
11436

) : e : E oo 2o = es7
< Linear Energy = 0.27-0.4 J/mm s o s
HH e 1 AN s 1 m .,
. . 1 =
% Continuity and welds parameters | S 7 T
53 . . z?mn
% Vertical thin walls 128%
% Inclined thin walls 134%
1
7
% Hollow struts 11 7
325 400 o —— Elin0.25)/mm
€ 375 | —— Elin0.29)/mm
3300 — 350 | X —— Elin 0.31J/mm
@ 275 E a8 —— Elin0.34)/mm
% 250 @ 200 = Elin 0.38 J/mm
— o o
% 225 3 % 275 + %
g 200 | = 250 | %
175 225 ¢
0.25 0.30 0.35 0.40 0.45 000 Lot oo
Linear energy (J/mm) 0.5 1 1.5 2 2.5 3

A Single welds %Thin walls —ver. % Thin walls —incl.
R Hollow struts

Hollow strut diameter (mm)

Porosity (%)

> Overlap 30-40%

0 J
0 10 20 30 40 50 60 70
Overlap (%)
28/39 INSTITUTE OF MACHINE

AND INDUSTRIAL DESIGN



Results and Discussion

Scientific question 1 - Imperfection reduction

Material quality
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Scientific question 1 - Imperfection reduction

Results and Discussion

Contour strategy possible issues
* Heat gradient in inclined struts
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Results and Discussion

Scientific question 2 — WE43 lattice structures

Contour strategy input parameters
% Linear energy = 0.05-0.8 J/mm
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Results and Discussion

Scientific question 2 — WE43 lattice structures
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Results and Discussion

Scientific question 2 — WE43 lattice structures

Contour strategy possible issues % Different shape of laser trajectories
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% lrregular pores when BCCZ cells were produced
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Results and Discussion

Scientific question 3 — Mechanical properties

Comparison of Contour and Hatch strategies
Process parameters selection based on the BCC
cell relative material density
Three perspective laser strategies
(relative material density above 99.11%)

+ Contour strategy

« Hatch strategy with skywriting

+ Combination of contour and hatch strategies

Contour strate

Hatch strategy

% Skywriting reduced pores in the subsurface areas
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Results and Discussion

Scientific question 3 — Mechanical properties

Comparison of Contour and Hatch strategies
+ ldentification of dangerous pores

* Meltpool morphology

R/
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Results and Discussion

Scientific question 3 — Mechanical properties

Comparison of Contour and Hatch strategies

+» Mechanical properties and deformation behaviour

% WE43 Young’s modulus 45 GPa
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Conclusions

Evaluation of scientific questions

Q1: Does the contour strategy reduce imperfections in PBF-LB lattice structures?
% The contour strategy led to significant increase of relative material density
% Surface roughness strongly depends on energy of process parameters strut diameter

X/

% Dimensional accuracy strongly depends on weld width

Q2: Does the lattice structures from WE43 achieve density above 99.5% using contour strategy?

/7

% The diameters up to 1 mm led to relative material density above 99.8%

% The relative material density significantly decreased with diameters above 1 mm

% The quality of specimens is strongly affected by low melting point of magnesium alloy

Q3: Does the contour strategy improve mechanical performance of WE43 lattice structures compared to hatch
strategy ?

% Higher mechanical performance was observed for hatch strategy with skywriting
% The contour strategy exhibited a significantly higher number of dangerous pores
% The contour strategy exhibited no clear boundaries for meltpools

% The brittle deformation behavior was observed for contour strategy

37/39

1st hypothesis
Not falsified

2nd hypothesis
Not falsified

3rd hypothesis
Falsified
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