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3-Dimensional magnetic flux sensor

D. Espalin et. al 3D Printing multifunctionality: structures with electronics. Int J Adv Manuf Technol, 2014
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Introduction - State of research Integration of conductive materials and SMD-components into FDM printing process

2D circuit on FDM surface

D. Espalin et. al 3D Printing multifunctionality: structures with electronics. Int J Adv Manuf Technol, 2014
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Basic Concept

Idea
» Printing "wires” with second, conductive material

» Embedding SMD-Components on printed wires

Requirements

» Conductive material / extruder
» Pick 'n place hardware

Editor " Object <> Schematic”

v

v

Extended slicing software
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» Milling cutter as printing platform
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Object tray
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Hardware setup

v

Milling cutter as printing platform

v

Syringe Extruder

v

Vacuum pipette / cameras
Object tray
Migration to professional platform

v

v
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Gcode extension

©CoO~NOOA~ WN

G28
Gl X10 Y35 Z10.48 F3000
M361 P4

;<part id="1" name="LED _1206">

<position box="4"/>
<size height="1.05"/>
<shape>
<point x="value” y="value” />
<point x="value2” y="value2” />
</shape>
<pads>
<pad x1="-0.4" yl="-0.8" x2="0.1"

Department of Informatic:
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y2="0.3" />

<pad x1=" 14" yl="-08" x2="-009" y2="0.3" />

</pads>
<destination x="104.938" y="27.987"
—"90" />

;</part>

z="8.000" orientation
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9@ localhost:5000

-l Verbindung
@ Status

Druckerstatus: Drucke

Datei: testfile_short.gcode
Zeitraffer: -

Ungefahre Druckdauer: 00:00:51
Druckdauer: 00:00:01

Verbleibende Druckdauer: ein paar

Sekunden
Gedruckt: 53.0bytes / 1.5KB

1 Pause W Abbruch

= Dateien

F

v C| %% |v[Qvalasymbolx11couldnotb>| 7|88 & @+ X Lo

Temperatur Kontrolle GCode Viewer Terminal OcmPNP

State

PNP State: Loaded file with 4 SMD parts
Current operation: pick part nr 4
DEBUG: a

Camera images

Head camera Bed camera
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Progress - Control software

Host extension I

@ @ localhost:5000 < ¢| 4% v [Q valasymbolx1icouldnotb>| ¥ B ¥ @ v X Lokal|aus d

OctoPrint Einstellungen

DRUCKER

Serielle Verbindung Trey

Druckerprofile
Temperaturen Tray position

Terminal Filters X 1143- mm

FUNKTIONEN Y 357,7> mm
Funktionen z 06> mm

Webcam

AP Tray dimension
OCTOPRINT Rows 4
Verzeichnisse Columns 7
Aussehen .

Box size 15- mm
Logs

Rim size 12 mm
PLUGINS

CuraEngine

OctoPNP Cameras
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Conductive materials

» Field's metal

Material 32.5Bi 51In 16.5Sn
M.P. ~ 62°C

Costs ~ 425€ /kg

Sheet res. —
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Progress - Material tests

Conductive materials

» Field's metal
» Silver filled polymer

1
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Material
Curing
Costs

Sheet res.

#6130F

~ 20min at 95°C
~ 25005 /kg
0.04Q/0
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Progress - Material tests

Evaluation

Critical measures
» Channel width

» Conductivity

R [Ohm

N W A OO N 0 ©
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10cm covered room temp ———
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\
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Evaluation
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» Reliability

» Costs
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components into Slicing
process

» 3D Routing and placing on or
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Applications in robotics

» Integration / miniaturization
» Force- torque sensors

» Robot arm for part placement
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