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Terminologi

Nagra vanliga uttryck:

e Additiv tillverkning
Additive Manufacturing (AM)

e Layer Manufacturing

* 3D Printing

Aldre beniamningar:
* Free Form Fabrication (FFF)
* Rapid Prototyping
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Globalt — Vad anvands 3DP till?

Modeller 33%
Fardiga produkter 33%

Other  visual aids
1.5% 8.5%

Education/research

10.1% Presentation models

8.2%

Functional parts

0
e Fit and assembly
16.2%
Patterns for prototype
Tooling components Patterns for metal tooling
: 7.4%
7.2% castings
8.3%

Source: Wohlers Associates, Inc. (2016)
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MALARDALENS HOGSKOLA
ESKILSTUNA VASTERAS

Exempel

Medicinteknik Flygteknik

Individuell anpassning

Konsolidering (luftkanal)

Tandkronor

Komplexa detaljer
(insprutningsmunstycke)

~——

Environmental control system ducting made by AM,
courtesy of Boeing

Viktoptimering (kabinfaste)

LEAP engine fuel nozzle,

courtesy of GE Aviation Cabin bracket for the A350 made with powder bed

fusion, courtesy of Airbus
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Exempel

Flygindustri

Redesigned aerospace part using topology optimization, courtesy of Airbus

Conventionally machined bracket . :
assembly (left) and redesigned 3D- TiAl low-pressure turbine blade made by EBM, courtesy of

printed bracket (right), courtesy of Airbus Avio Aero
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Exempel
Flygindustri

AM-produced hydraulic reservoir rack consolidates
126 parts into one, courtesy of Airbus

Topologically optimized aerospace
bracket, courtesy of 3D Systems

Combustor swirler and injector nozzle parts made by AM,

Coliriesy of Tiirbomeca T25 sensor housing, courtesy of GE Aviation
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Airbus:
Planerar att 3D-printa 30 ton
metalldelar per manad, 2018

Michelin:

Tillverkar de flesta gjutformar
i metallskrivare
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Exempel
Konstprojekt

Neri Oxman

http://www.materialecology.com
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Exempel
Konstprojekt

Neri Oxman

http://www.materialecology.com
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Exempel

Konstprojekt

https://pmpaspeakingofprecision.com/2012 http://galleryhip.com/3d-printer-art.html
/09/27/additive-manufacturing-art-ot-parts/
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Teknikoversikt

Generell arbetsgang

3. ”Slicer” —
2. STL-fil delar upp modellen i lager

——2> 4, Byggprocess

|

5. Efterbehandling

¥

6. Anvandning

1. CAD




e Kan anvandasinom ménga omraden

2017-05-08

Pros & cons

Nagra fordelar

Geometrisk frihet (inom vissa ramar)
Lattviktskonstruktioner
Konsolidering — farre artiklar

Kortare ledtider for mindre serier
Minimerad materialatgang [}
Suverant kommunikationsmedel

Skalbar metod )
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http://www.shapeways.com/marketplace/jewelry/
https://www.youtube.com/watch?v=SObzNdyRTBs
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Pros & cons

Nagra nackdelar

Toleranser

Ytjamnhet

Anisotropiska egenskaper (utom i vissa fall)
Support kravs for dverhang
Maskinhantering (vissa maskiner kansliga)
Miljoaspekter (damm, gaser, plastskrap...)

Etiska aspekter (vapen, levande organismer...)
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Vilka material anvands?

Polymerer Metaller Diverse

(nagra vanliga) (nagra vanliga) (nagra vanliga)

* ABS * Verktygsstal e Vax

* PLA e Rostfritt stal e Sand

* Polykarbonat * Legeringar av: * Betong

* Nylon « Aluminium * Keramik

* Polypropen * Nickel  Papper
* Kobolt/krom e Levande celler
* Titan « Nanomaterial

Guld
Silver

2017-05-08 BENGT GUSTAFSSON



V A )
| V 4

MALARDALENS HOGSKOLA
ESKILSTUNA VASTERAS

Teknikoversikt - byggmetoder

Indelning

Efter generell metod
(ASTM - American Society for Testing and Materials)
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http://www.stratasys.com/resources/videos
https://www.youtube.com/watch?t=10&v=B7bOvSc-IGY
https://www.youtube.com/watch?v=M_qSnjKN7f8

 MALARDALENS HOGSKOLA
| ESKILSTUNA VASTERAS

Teknikoversikt - hybridmetoder

5-axlig fras + 3D-print, DMG Mori [ ]  ~ 6000 000 Skr

3D-print + frasning, Matsurua (] ~8000 000 Skr
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https://www.bing.com/videos/search?q=dmg+mori+3d-print&&view=detail&mid=BD5C2112B7920032E599BD5C2112B7920032E599&rvsmid=538E936ADD40858FFD23538E936ADD40858FFD23&fsscr=0&FORM=VDFSRV
https://www.youtube.com/watch?v=-qan4ym0ARQ

Globalt — Trender, industriell 3D Printing

Maskinpriser
(Medel, sdlda maskiner) Material, forsaljning
X 1000 X1 000 000
$125.0 $850
1177 768.5
$115.0 - $7501
$650 -
$105.0 -
$550 -
$95.0 -
$450 -
$85.0 -
$350 -
$75.0 -
$250 -
$65.0 - $150
$55.0 T T T T T T T T T T T T T T $50 : - -. T T T T T T T T T T T
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
Source: Wohlers Associates, Inc. Source: Wohlers Associates, Inc.
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Globalt — Trender, industriell 3D

Printing

Antal salda maskiner

14000

12000

10000 -

8000 +

6000 -

4000 +

2000 +

0|+

T T T T T T T T T T T T T T T T T T T T T T T T
8889909192939495969796990001020304050607080810111213 1415

Marknadsandelar
Envisiontec
Others 100%  EOS
25.1%

3D Systems
15.3%

Mcor
56%

Stratasys
41.1%

Source: Wohlers Associates, Inc.

Source: Wohlers Associates, Inc.
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Globalt — Trender, 3D Printing metall

Metallpulver
° M i .. .. . .
Antal salda maskiner for metall Forsaljning
$100
900+ $90
800+
$80 -
700+
$70
600
$60 -
500+
$50
400+
$40
300+
$30
200+
$20 -
100+
$10
0
$0 " . . T T .
2009 2010 2011 2012 2013 2014 2015
Source: Wohlers Associates, Inc. Source: Wohlers Associates, Inc.
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o Specialverktyg

WALARDALENS HOGSKOLA

Kuggfras, VCE
\V/IBIN

—

COmMPONENTS Jamforelse med
standardverktyg:

* Cadubbla hastigheten
e (Ca50% langre livslangd

Uppsala

3D-print =) Slipning ) Hardning

Pre-shaped component from
VBN Components Component grinded by customer

70

69
68
67
66
65
64

63
62
61

1000 1050 1100 1150 1180

Hardening temperature (°C)

Hardness (HRC)

Vibenite®
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Globalt — Trender, Desktop printers

Under S5 000 forsaljningspris

Okad forsaljning

e Ca 280 000 maskiner 2015

Fortsatt overreklamerade

e Pastadd kvalité mindre an verklig kvalité

Men: Vissa maskiner narmar sig industriell kvalité

e "Good enough” for tidiga konceptmodeller
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Globalt — Trender, Desktop printers

The Hype Hangover

”Det gar inte att skriva ut legobitskvalité pa en 2 000-kronorsskrivare”
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Globalt — Trender, agenturer

https://www.3dhubs.com/

https://all3dp.com/best-
online-3d-printing-service/
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https://www.3dhubs.com/
https://all3dp.com/best-online-3d-printing-service/

Sverige

MittUn.

Sverige stor producent av metallpulver
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| MALARDALENS HOGSKOLA
ESKILSTUNA VASTERAS

Sverige

~ SVEAT

SVEnsk Additiv Tillverkning

Ca 50 organisationer / foretag

Vision:
Sverige varldsledande inom AM
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Sverige

TTC Karlskoga

Orebroregionen Science Park

I néi"ra samarbete med: Industriell 3D-printning
* Orebro universitet * Plast

e Saab Dynamics * Metall

* Lasertech

* Bofors Test Center CT-scan, "3D-rontgen”

Vaxelhus i aluminium tillverkad genom 3D-
printing
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Eskilstuna —vad hander?

For lite.




| V 4

| MALARDALENS HOGSKOLA

ESKILSTUNA VASTERAS

2017-05-08

Lankar

http://3dprintingindustry.com/2014/02/07 /german-

scientists-3d-print-lightweight-material-stronger-steel/

http://www.shapeways.com/marketplace/jewelry/

http://www.thingiverse.com/thing:636363

http://www.stratasys.com/resources/videos

https://www.youtube.com/watch?t=10&v=B7bOvSc-IGY

https://www.youtube.com/watch?v=M qgSnjKN7f8
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