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Overview o0 000

* Infroduction

System-Analysis AM =2 What is essentiale
Project Background for this work

« Additive Manufacturing with Coated Materials

Overview
Triz
Pi-Theorem
Experiments
Results
Outlook
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Asymmeiry AM vs. SM oo  oee

AM: - Everything that can be digitalised can be
produced

- Everything that as material can be

.extruded & be molten”
~pulverised & be molten”
»made single & is to be glued" is suitable for an AM method

SM: - Only a small part of model materials, that can be
digitalised, is producible with a SM Maschine

- The limitation of the machine lies in the outer
room from the perspective of the production
process (outer surface of the workpiece, outer room
of the production machine)

- Everything that can be free cutted, can be manu-

factured
SM = Subtractive Manufacturing AM = Additive Manufacturing
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Asymmetry AM vs. SM (1) TR s

Conclusion:

AM: - controllable standardized phase transtormation
(phase change of starting material)

- confrolled standardized binding
(phase change of locking agent)

- approximation to the form coming from inside (as
a production process)

SM: - controlled unstandardized cutting process
(partitioning) with constant phase

- approximation to the workpiece form from the

outer side
AM = Additive Manufacturing
SM = Subtractive Manufacturing
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Asymmeiry AM VS. SM (") ::. :.: KARNTEN

Conclusion:
AM: - Phase change & inside - outside f |
SM: - Phase constant & outer > inner side [ "o racturing

AM = Additive Manufacturing
SM = Subtractive Manufacturing
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Project Partner:

« Carinthia University of Science - Studiengdnge Mechanical
Engineering, Systems Engineering and Industrial Engineering
and Management (Austriq)

« Oprema Ravne (Slowenja, Leadpartner)
« Holzkompetenzzentrum W3C, (Austria)

« University Ljubljana (Slowenja, Institut of Robot
« Roboteh (Slowenja)

. Schematic fig. o‘f;the faser
GOC” Of |ﬂﬂOVCITIOﬂ manipulation process*™

« adaptation of a é-axis robot with a molding technology and a
faser manipulator.

« production of geometrically complex products with high
strength lightweight materials
- applications in E-mobility and medical technology.

* http://www.fh-kaernten.at/unser-studienangebot/engineering-it/aktuelles/news-archiv/news-archiv-list/news-archiv-details/entwicklung-von-roboterzellen-fuer-den-3d-druck/ 30.11.2016
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EVOLUTIVE STEPS (Bifurkations) Sl

i3.0 i4.0 i5.0
SM: AM: AMSO(1):
*Phasenkonstanz -* Phasendnderung —»* Phasendnderung
*auBen - innen “*innen 2 auBen —*innen > aulBen
*aulBen conftrol CNC:_>* auBen control CNC *innen control SOC *
AMSO(2):

> ** Phasenkonstanz

—» Innen = auBen
—> ~*innen control SOC

Legende: AMSO(3):
AMSO = Additive Manufacturing Self Organized »* Phasendnderung

AM = Additive Manufacturing
SM = Subtractive Manufacturing >—>* qul3en =2 innen

CNC = Computer Numerical Control — *innen control SOC
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Additive Manufacturing with Coated
Materials

First experimental Investigations and
Design Considerations

Wirtschaftsingenieurwesen (WING) & Engineering and Management (IEM) Sei.l.e -I 2
www.fh-kaernten.at/wing



Digitalisation of a line se° S8 M

Ein Pixel

Abbildung 1: Raumliche Materialisierung von Pixelpunkten

[LeU16]
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Overview of the proposed coating process ee" see

Konzepterstellung fUr einen Prototypen eines 3D Druckers

« Herstellung des Verbund Werkstoffs (ausgewdahlte Materialien)
« Beférderung und FUhrung des Verbundwerkstoffes
« Konzept einer Anordnung von Druckerkomponenten

PLA R
GF
Beschichtungsdicke

Beforderung und
FUuhrung

[LeU16]

Wirtschaftsingenieurwesen (WING) & Engineering and Management (IEM) Sei.l.e -I 4
www.fh-kaernten.at/wing



FACHHOCHSCHULE
®0® @ @ KARNTEN

Design and experimental method 2s” Ses
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Coating process - first idea (l) s” 208
 Beschichtung des GF-Filaments im Tauchbad
+ Filamenttransport durch angetriebene Rollen
* FilamentfUhrung nach der Beschichtung berthrungslos

Filamentrolle

Filamenttransport

FilamentfUhrung

\

Filament Tauchbad
[LeU16]

Wirtschaftsingenieurwesen (WING) & Engineering and Management (IEM) Sei.l.e -I 6
www.fh-kaernten.at/wing




FACHHOCHSCHULE

Coating process - first idea (ll) 23° 808
Beschichfungsprozess

Tauchoffnung

Filament

[LeU16]
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Ideal final result with TRIZ oo’ S0

— Bester denkbarer Zielzustand

— Bewusst Uberzeichnete Formulierung des Systems
— Ausbruch aus gewohnten Denkmustern

— Motivation fur neue Orientierungen

« Kernfilament mit Beschichtung — Verbundfilament
« Verschiedene Beschichtungsdicken

« BerUhrungslose 3D Befdrderung des
Verbundfilaments

[LeU16]

Wirtschaftsingenieurwesen (WING) & Engineering and Management (IEM) Se”.e -| 8
www.fh-kaernten.at/wing



FACHHOCHSCHULE
@0 ® © KARNTEN

Functional analysis with TRIZ s” 208

}
FILAMENT- o=t
| BESCHICHTUNG
MOTOR “| TRANSPORT
THERMOPLAST- SCHMELZ- *| GF-FILAMENT [°

FILAMENT - PLATTFORM

N

VERBUND- XYZ- KINEMATIK

| FILAMENT
" lenkt I ¢

- UNTERBRECHER

FUHRUNG

[LeU16]
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Dimensionsanalyse [1]
Parameter Temperatur, Viskositat...
(Mdgliche)
imensional matrix — ————
WG - Dimensionslose
! Kennzahlen
Dimensions- | ? | | (Re).lnolds...);
matrix - Py —  Einfluss-
- 1 parameter;
Tk : _ Zahigkeit
< >'< » . O oo
= n i (Viskositat)
d dwD |ms
Pl-Zahlen m(1) = ATOwvD-LwFlog®  VF ’l'ZS]
(Dimensionslos) "

[ZIM91]
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Dimensional Matrix 58' cesl

AT[K] vD [m/s] vFIm¥/s] glka/ms?’] d[m] pF [kg/m?]leD [kg/m? BL[1/K] 0 [K] vF [m/s] oF [kg/s?] vD [m¥/s]
Temperatur [K] ] 0 0 0 0 0 0 -1 ] 0 0 0
L&nge[m] 0 ] 2 -1 1 -3 -3 0 0 1 0 2
Zeit[s] 0 5 -1 -2 0 0 0 0 0 -1 -2 -]
Masse [kg] 0 0 0 | 0 ] [ 0 0 0 ] 0

Pl PI2 P13 Pl 4 Pl S Pl é PI7 PI8

AT[K] vD [m/s] VvFIm¥s] glkg/ms?] d[m] pF [kg/m?)eD [kg/m®] BL[1/K] 6 [K] vF [m/s] oF [kg/sT] vD [m¥/s]
Temperatur [] 1 0 0 0 0 0 0 -1 ] 0 0 0
Lange[m] 0 1 0 0 -1 -2 -2 0 0 1 -1 0
Zeitfs) 0 0 1 0 | 0 0 0 0 0 1 ]
Masse[kg] 0 0 0 1 0 | | 0 0 0 I 0

[LeU16]
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m
. d . d=vD m*? Y — 6 = i [5]
(1) = ATOxvD~1+vFlsg® ~  VF [ L) ] e AT1xvDOxvFOxg® AT LK
S
- 2=
(2) = pF _ pFevp? [ 7(6) = b _¥F [x
o "~ ATOxvD™2xvFOxgl g Kg ATOxvD1xvFOxg0  vD %
L. MxS~
rKg m? Kg m
D D*VDZ — Lo _ oF . oF xvD 2 s
7'[(3) = 0 l_)z Ounl — & m;{gsz n-(7) - ATO*vD-l*Vpl*gl - VF*g mz* Kg
ATYxvD™“xvFVxg g | == | %
BL 1 1 m?
m(4) = b = BL* AT* |2+ K| _ D _vD |5
AT~ »vD"*xvF =g K 7'[(8) ATOxvDO xyF1xg0 vF m?
S

[LeU16]
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Oh vs. Re o0 000
o o O

1,8E+04

| #d=0,30 mm

==d=':"10 L & d=0,35 mm

1,6E+04 +d=0,25 mm

Hd=023 mm

— 14E+04 d=0,15 mm B d=0,20 mm

o = 2:d=0,18 mm

/ g‘ T d=0'13 I‘I"Im| .d=0,15 mm

1< Pl=—25 = ¥PV 9§15 d=0.20 mm U _|_|M d=023mm o o10mm

_ VWe nwo JD'E d=020mm  ®
1,0E+04 d=0,25 mm
d=0,30 mm
we o n
Oh = We pJ-1 8,0E+03 =035mm__ =
"~ Re d=0,35 mm
6,0E+03
8,0E-08 9,0E-08 1,0E-07 1,1E-07 12E-07 1,3E-07 14E-07
_ VWe _ Zahigkeitskraft Reynolds (Re)

Oh = =i -
Re JOberflichenkraft

Figure 1: Oh vs. Re with the fiber coating thickness d as a
parameter according to [1]

[LeU16], *for inks [Gil15]

Pl ...Printing indicator
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l ¢ PLA-Filament

GFK-Filament
Molten PLA-drop

Melting platform

Soldering iron

Figure 3: coating concept — principal process layout [1]; the GFK-
fiber 1s coated with the PLA-filament with coating thickness d

Wirtschaftsingenieurwesen (WING) & Engineering and Management (IEM) .
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Experimental Setup (2) :e° ® @ KARNTEN

« Schmelzplattform mittels Lotkolben
« GF-Filament mit PLA-Beschichtung

« Geometrisch verschiedene Versuchsaufbauten (Anstellung der
L&tkolbenspitze unter 0°, 45° und 90° zur Horizontalen

« Unterschiedliche Beschichtungsgeometrien

0; 45°
Elliptisch

90°
Rund

Lo6tkolben; Schmelzplattform

[LeU16]
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3 Concepts s” 208

« Drei Konzepte
« Abgeleitet aus den Versuchen
« Filamentbeschichtung, -beférderung, -fUhrung

Horizontal (a0°) Schief (a 45°) Vertikal (o 920°)

[LeU16]
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2.001 2_002 24001

4,001 4002 GF_v_L_D01

GF_V_L_normert 001 GF_Y_S 001

GF_V_5_D02

Abbildung 23: Auszug der Mokroskopaufnahmen der ersten Versuchsreihe
Beschichtungsdicke GF|V|L: (1 mm—-0,3 mm)/2=0,35 mm
Beschichtungsdicke GF|V|S: (0,6 mm —0,3 mm)/2=0,15mm
2mm/ 1 sec - Probe GF|V|S (Glasfaser| Vorschub | Schnell)
[LeU 16] I mm / 1 sec —Probe GF |V |L (Glasfaser | Vorschub | Langsam)
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Best working concept ss” o8

GFK-Fllament

Filament :
transport - ’
Coating PLA-Filament

unit Filament
0 transport
Table

Ringnozzle A

o Temperature | Flow direction
A Flow —* Transport velocity

Figure 2: Additive manufacturing concept for coated fibers -

vertical layout [ 1
[LeU16] s [1]
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Experiment with soldering iron and fiber O T R

Der Versuch — Beschichtung eines Glasfaser-Flament

Abbildung 15: Vertikale Versuchsanordnung - Beschichtetes Filament

[LeU16]
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Coating Thickness - velocity os” o8
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1.0E-04 d = -0,16793%v + 0,00050 =
R2=0,95812
5 0E-05

5,0E-04 1,0E-03 1,5E-03 2,0E-03 2,5E-03 3,0E-03
Transport velocity (v) [m/s]

Figure 4: coating thickness d over fiber transport velocity v
[LeU16] according to [1]
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Ouvutlook oo oe00

« Implementation of the Coating Process in a detailed
and automated 3D-Printing Prototype of the Nozzle
head

* Prototype Testing of the Ring-Nozzle

* Prototype Production of 3D-Printed Structures for the
Project MMQO3D

Wirtschaftsingenieurwesen (WING) & Engineering and Management (IEM) Sei.l.e 3-|
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Herzlichen Dank fur die Aufmerksamkeit!

FH-Prof. Mag. DI Dr. Bernhard Heiden MBA

Professur fiir
Produktionstechnik

PS.: The presentation you will find soon also at:
http://www.dr-heiden.com/Voriraege.htm
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