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Mission statement

Ghent University wants to be a creative
community of staff, students and alumni,
connected by the values the university carries
out: engagement, openness and pluralism.

Our motto is Dare to Think: we encourage

students and staff members to adopt a critical
approach.

FACULTY OF ENGINEERING AND
ARCHITECTURE

Established in 1817

Rector:
Professor Anne De Paepe



UNIVERSITEIT
GENT

Research: input

Research expenditures 2014: 0 265 million

FACULTY OF ENGINEERING AND

ARCHITECTURE

300,00

250,00

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

m Public Research Funding - Regional and National m Public Research Funding - EU and International

200,00
¢ 150,00
100,00 -
50,00
0,00 - . . . . . . . . . . . . . .

2011 2012 2013

m Private Research Funding

2014

(Numbers: 2014)



¥
5
(v
oy
>
&
=
w

T

r«wmumwmumwmuwoﬁuwuw
wmummmmwmmmw
callaboration peograms, IP iensing and spin-off creation. For its Kaison with industry, UGent uses a network of specialized
mmmmmmrmmm

i-KNOW

BIOMARKED

¥,
N o
fiBrRONIO
poly =
Composites ' V ViciOHS
N czmrscH |
e  life science

DuraBUILDmaterials
Central

Technology

Cleanchem S Transfer Office

VALLEY

%

o
~ diacel

&,
/O)
G
2

FIee W

9

" e

Aqua UGent

@003



Research lines

Prof. Ludwig Cardon

Prof. Kim Ragaert

| LI |
Sustainable Advanced
use &

Additive
polymer _
recycling processing Manufacturing
Posglgggts_tnal M Micro Fibrillar B Polymers &
consumer Composites composites
- Mould Bl Extrusion
Engineering based
Design
= fOr/from — é?(%lr%g?oer? = Fablab UGent
recycling
% UNIVERSITEI ﬁi

Mixed
mm pOlymer
streams

265



Extrusion based Additive Manufacturing

V Known as FDM - Fused Deposition Modelling (Stratasys)
V 3D Plotter & BioScaffolder

V Several types of low cost printers

Material filament

Material spool

V P 0 | y mers Support structure solidified model
VComposites

V Ceramic and metal slurries suidpiatom
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Extrusion based Additive Manufacturing

Towards 3D Printing of composites
and new materials?

ANasads next Rover
has3D-pri nted partso
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Processing methodology

To understand the process it may be useful to study a traditional
screw-fed extrusion process

U Viscosity h=t/g
U Share rate (speed)&
U Shear stress t&




Processing methodology

Shear stress Shear rate (speed)
t = [DR 4L ~32Q /pDs3

Ug average shear rate in's
UQ  outputin mm3s
UD  diameter of the tube in mn

Ut shear stress in N/mm?2
U D Rpressure drop in N/mm?2
0D diameter of tube in mm
UL length of tube in mm

Key
- ——- Actual tool path

—— Deposited material boundary|
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Processing limitations

U Anisotropy between d4ayersand fillaments»

U Intermediate mechanical properties

U Limited dimensional accuracy (statep effect)
U Available materials

U Poor interlayer bonding

U Warpage and thermal stresses

U Solidification process and shrinckage
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Processing limitations

LB

1mm 2A-15 4/14/2015
5.0kV SEI LM WD 8.0mm 15:28:45
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Extrusion based Additive Manufacturing

Ongoing research

A New printing heads and build strategies

for extrusion based AM technologies
U Technical applications
U Medical applications
U Composite applications

A Materials
U New compounds and fillers

U Improving the mechanical properties of AM composite materials
(bonding matrix and particles/fibres)
U Dimensional accuracy (shrinkage)

tUse Nani sotropy as an advantageo
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Composite materials for AM

Particle filled polymers for  Short fibre filled Continuous fibre
enhanced stiffness, wear polymers for higher composite for higher
resistance, thermal and stiffnress and wear stiffness, tensile and
electric properties. resistance. impact strength.

[1]: Nikzad, M., S. H. Masood, and I. Sbarski, 2011, Thermo-mechanical properties of a highly
filled polymeric composites for Fused Deposition Modeling, Materials & Design, v. 32, p. 3448-

3456
[2]: Ozkoc, G., G. Bayram, and E. Bayramli, 2005, Short glass fiber reinforced ABS and

ABS/PA6 composites: Processing and characterization: Polymer Composites, v. 26, p. 745-755
[3]: Markforg3D, Mark One, carbon fibre sample
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Extrusion based Additive Manufacturing

High-end short fibre filled materials

Arevo labs

A PEEK, PAEK, PPSU + short carbon - glass fiber fiore - CNT

(ArevolLabs, 2016)
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Extrusion based Additive Manufacturing

Short fibre thermoset 3D Printing

V Extrusion of short fibres containing epoxy
V Syringe based, high accuracy
V UV-curing after deposition
V Printing of open structures

(Harvard, 2014)
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Extrusion based Additive Manufacturing

Discontinuous fibre filled materials

ORNL labs (Oak Ridge National Laboratory,
Cincinnati Incorporated)

A 3D Printing of large volume parts with
discontinuous carbon fibre filled ABS

A Carbon particles of 6-7 um diameter

A The parts have an improved stiffness of
5/6 times compared with unfilled polymers.

(Strati, ORNL, 2014)

M., R., Talagani, et al., 2016, Numerical
Simulation of Big Area Additive
Manufacturing (3D Printing) of a Full Size
Car , SAMPE 51 No.4
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