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Extended abstract

Some may call 3D printing the next industrial rexan and some would fear it because it places
innovation in the hand of anybody [1]. Whether sta threat or an opportunity, 3D printing
assuredly fgives off a vibe along its pathwai olustdal conquest. It has generated such a noise in
the scientific community that this started tic Iirhga intellect of many people including us. One can
foresee the added-value that 3D printing wouldroffiesign in muItiEIe ways with a higher degree
of freedom and under the shortest fabrication cybtereasing the functionalities 3D printed
materials comes at a legitimate cost of knowingeoehe technology and its limits.

In this research work, we are able to address #teré and extent of defects inferred to particular
3D printing process based on fused deposition ninge(FDM). Three-dimensional imaging,
mechanical testing and numerical modelling arecathbined to draw a clearer picture of FDM
capabilities and boundaries.

Virtual design of randomly positioned voids in paesoblocks is achieved thanks to reverse
engineering procedure described in FZ]. Optimaliglesare determined based on a precise control
of stiffness and porosity content as illustrateéigure 1.
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Figure 1. Reverse engineering process to genergterous blocks.

Sequential addition of soft overlapping sphericaig is used to generate the porous medium. The
achieved geometry is converted into a finite elenmeadel to predict its elasticity behavior. An
optimization routine is used to obtain optimal wat designs with porosity and stiffness control
over a large interval of porosity content (up t8&40

Processing of dense and porous polymeric (acryltnibutadiene styrene or ABS) blocks is
undertaken under different operating and geomeétgoaditions including printing angle and
porosity content. X-ray micro-tomography is usedassess microstructural defects induced by
processing. Our microstructural investigation shdtuge main sources of defects: presence of
support material in airy blocks, process-inducedopity and residual roughness (Figure 2). All
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these defects are, to some extent, documented einlitdrature. The most remarkable result
highlighted here is that the porous network indulbg@D printing has a high rate of connectivity
(up to 85% of the porosities are connected) despéaeelative small porosity level (only 6%).

Figure 2. Significance of porous network and micrstructural defects in 3D printed ABS.

Porous designs are loaded in compression in oodeortrelate identified microstructural defects to
all engineering constants describing the macroscbehavior uP to densification. Preliminary
experimental results show significant anisotropbdvior detectable in the plasticity stage of dense
samples. These results make little sense if repadecommonly accepted view of the weak
anisotropy of printed features under compression.
Finite element computation is used to assess theas®f anisotropy based on conversion of 3D
images of printed blocks into finite element mod@gure 3). Investigation of elasticity behavior
confirmed a slight transverse isotropy, which istified by the differences between the building
direction and the laying down plane of fused filautse[3]. Finite element results indicate also that
loss of stiffness generally reported in
the literature (of the order of 20%) is
underestimated in the simulation.
Finite element predictions reflect
TN i : simply the effect of a low porosity
---- b R oS level,” which means that the loss of
' e stiffness goes elsewhere. It appears
that the source of discrepancy is
Erobably the perfect bonding
ypothesis assumed between filaments.
This pushes the investigation further
towards the implementation of a 2D
finite element model, which handles

S 4 ih & @i eintingsesie () the filament arrangement and the
—»,{é«%gfrf—%f?rg iR B degradation of the inter-filament
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Figure 3. Finite element modelling based on explic Efmggﬁsig]g?%"n% 'Ssg';ﬁg”j‘“?,r;‘ﬁé%d

implementation of microstructural defects. stiffness that follows the " filament
arrangement (Figure 4). Damage
kinetics assumes a sigmoid decay function ¢ eced fiaments
stiffness subject to the availability of positiv
strain. This cri}eri(cj)_n ma;)y appear irrelevanlgunc
compression loading but it proves to be t AT
unique possibility that explains porosit Hetndbas
percolation and filament decohesion unc
compressive loading. This criterion works he
because Poisson’s expansion allows furtl
opening of porosities and percolation along t
paths of positive strain as shown in Figure " pomain
These paths are the size of inter-flame oo
decohesion. Depending on the printing ang  Filament cross section SRR
different damage kinetics are predicted. Figure 4. Damage modeling based on varied

stiffness distribution and inter-filament
decohesion.




particular, finite element results demonstrate gtearing bands develop at the particular printing
angle of 0° (Figure 5). This kind of damage is mesgible for the force drop at the plasticity stage
and fully explains the severe anisotropy discussetier.
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Figure 5. Comparison between finite element resultasnd cross-section views showing damage
extent as function of printing angle.
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