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Introduction and Motivation

Performance of metamaterials

T LB | L B B L |

L -7 @
- -~ Alloy-polymer x ‘:
E C # composite lattice . -
< . F ' Titanium alloy
% e foam
O Alumina
c % nanolattice .
S ighsss & - e
"S_ i .- b - ¢ g
= Auxetic lattices N ® Stainless steel -~
2 (CNT/PA12) ay ) "foam ¢
_% : A i &
> 3 et A Aluminum ° e 3
> 3 # ¢ alloy foam _ - :
S & {
) ol :
c A
L . ) el
| Ni nanofoam v @ Epoxy I?ttlce i
\ [ ] . Pl
1 Truss 1 ' > o
1 Truss lattices Tackt
1 /honeycombs A /,Plastlc foam
(CNT/PA12) P N S
Density
Yuan 2018

4/26 INSTITUTE OF MACHINE

Defense of the PhD thesis AND INDUSTRIAL DESIGN



Introduction and Motivation
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State of the Art — Computational approaches
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State of the Art — Model of material
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Summary of literature review
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Aim of PhD thesis

The main goal of the thesis

The thesis aims at development of the computational model that represents the

deformational behavior of mechanically loaded lattice structures produced by SLM
technology.

The benefit of the thesis
o Achieve higher absorption potential in comparison to experimental testing

o Precise design of lattice structure topology for wide range of applied loads

o Outperform conventionally produced metamaterials

Application potential

, N - _ N e _ N
Test wide range of Reduce experiments for Improve passive
topologies design of structures protection elements
o Loy ©
- J N J N y

Defense of the PhD thesis

9/26

INSTITUTE OF MACHINE
AND INDUSTRIAL DESIGN



Materials and methods
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Scientific question and hypothesis

4 Scientific question R
\_ Q1: How do geometric imperfections affect the compression response of the structure? )
4 Hypothesis A
H1: Samples for dimensional analysis » Cross-section based on scans
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4 Tested prediction R
P1: Changes of the cross-sectional dimensions as a consequence of manufacturing imperfections
strongly affect mechanical properties of lattice structures’ response. )

. INSTITUTE OF MACHINE
Defense of the PhD thesis 11/26 AND INDUSTRIAL DESIGN



Results and discussion

Tested prediction 1 — quasi-static loading 103 s1 BCC
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Tested prediction 1 — quasi-static loading 103 s1

Results and discussion

BCC

Dimensional inspection of lattice structures

o Measured with CT (15 um minimal voxel size)
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o Semi-automated script for evaluation
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Results and discussion

Tested prediction 1 — quasi-static loading 103 s1

Dimensional inspection of lattice structures

o Optical digitization with £5 ym accuracy
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Results and discussion

Tested prediction 1 — quasi-static loading 103 s
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Tested prediction 1 — quasi-static loading 103 s BCC

Results and discussion

Influence of imperfections in FEA

o Material model based on tensile testing on thin strut samples

o 8-noded tetrahedral elements for struts and 4-noded shells for plates
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Tested prediction 1 — quasi-static loading 103 s1

Results and discussion
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Scientific question and hypothesis

Scientific question

Q2: How does the non-linear material model based on thin strut samples influence the structure
deformation?

-
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P2: The accuracy of the material model based on the test of thin strut samples is limited to certain
range of nominal strut diameters.
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Results and discussion

Tested prediction 2 — quasi-static loading 103 s

Influence of material model definition

o 2-noded Timoshenko beam elements

o Properties based on multi-strut samples

Experiment @

FEA - Nominal ¢

FEA - Imperfection circle A

FEA - Imperfection ellipse X

Defense of the PhD thesis

(==

Linear-elastic material model assumed

BCC
E Ys Et UTS
GPa MPa MPa MPa
Conventional sample 166+15 450+5 89 541
| Multi-strut sample  94+10 338+20 787 397 |
Strut sample (GUmruk) 97 +10 325

Non-linear elastic-plastic behaviour allowed

< 40 -
— 12 | &
a =
210 | £32 ¢
E E ®
S L 'Y .
208 R,
e . 2 Q X
o 0.6 ] /.’ A
2 X @16 | X ®
E 04 | x L *, A
e ("] -
o A . S g -~ ¢
€02 - X P ¢ 8 i i ®
© X e & S Sl
0.0 ‘ ---- ‘ - | | | | I o 0 . ---- '_- | L 1 1
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Nominal strut diameter [mm)]

19/26

Nominal strut diameter [mm]

INSTITUTE OF MACHINE
AND INDUSTRIAL DESIGN



Scientific question and hypothesis

-

/Scientific guestion A
N Q3: How does the strain-rate sensitivity influence the dynamic behavior of structure? y
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Tested prediction 2 — dynamic loading 102 s (intermediate velocities)

Results and discussion
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Results and discussion

Tested prediction 3 — dynamic loading 102— 103 st m m
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Results and discussion

Tested prediction 3 — dynamic loading 102-103 st
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Conclusion

Application potential
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