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Metal powder bed
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Oosterbeek et al., Addit. Manuf. 78 (2023): 103896.; Sundfeldt et al., Acta Orthop. 77.2 (2006): 177-197.
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Key challenges

Fatigue resistance

* Cyclic loading — crack initiation and
propagation

O-max

* Implants: Physiological loading cycles

Major weakness of AM components
* Rough surface with many flaws
* Brittle, stressed microstructure

Ghouse, Oosterbeek et al., (2021) Addit. Manuf., 47, p. 102262; comsol.com; think3d.in/an-overview-of-3d-printed-metal-implants/
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Fatigue resistance - metallurgy D g

Heat treatments As-built
 HIP (Hot isostatic pressing) 0rio=4.9 MPa

e Vacuum heat treatment 2

920°C

Semi-fused particles
remain

- 1200°C
* Reduced wettability

O¢ 1076 = 8.5 Mpa
(73% increase)

* |Increased risk of metal debris

Ghouse, Oosterbeek et al., (2021) Addit. Manuf., 47, p. 102262
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Fatigue resistance — surface finish D g (RS

7

Stream/drag
finishing
(mechanical abrasive
media)

Chemical etching
* HF, HNO,

* Problems with
over/under etching,
infiltration

(Chemical-electrochemical polishing

 Hirtisation®

* Acid + electrolyte, pulsed current +
superimposed micropulses
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Strut surface treatment L G [

micro-CT

« Semi-fused particles

Z (pm)

Sa=6pum
Do, =130 pm

« Semi-fused particles
removed

Ey < Oosterbeek et al., Addit. Manuf. 78 (2023): 103896.; Oosterbeek et al., SoftwareX 18 (2022): 101043.
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- ~90% increase in fatigue strength/modulus
ratio (o,/E)

/ [ Longer lasting implants ]
- Implant designed to match bone stiffness

will have 90% higher o;

Oosterbeek et al., Addit. Manuf. 78 (2023): 103896.




Decoupling strength and stiffness D e |

* Matching bone modulus (trabecular:
100 - 2000 MPa) can make achieving
high strength difficult

* Bone strength ~50 MPa
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Decoupling strength and stiffness L e B

Ultimate strength (MPa)
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Time-dependent properties 1 et R

* Fatigue in metallic metamaterial lattices

* Biodegradable metamaterial lattices

0 14 Metamaterial lattice unit cells
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* Control degradation profile through

metamaterial design
Nachtsheim et al., PAMM 22.1 (2023): e202200326.; GRAND FIX™ CMF https://www.gunze.co.jp/medical/e/products/item_gf_cmf.html
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Degradable polymer foams rt i) L e

Traditionally 3D printing can only
control porosity on a macroscale.

Foaming filaments allow

microporosity within a single layer. Tuning mechanical

properties:
strength, energy
absorption
Compression stress-strain graphs for PLA samples
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Degradable polymer foams 1 s R
* Tuning mechanical properties with * Metamaterial design parameter to
constant density control material degradation

* Hierarchical foams: altering porosity
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. * Increased water absorption — key

051 I/

/ precursor to slow polymer degradation
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Future work [ nezinc NS

* Powder bed fusion of biodegradable metamaterial lattices

* Polymers and polymer-ceramic composites

- . * Detailed metamaterial lattice structures
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Thanks for listening!
Questions?
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