3D Printing / Additive Manufacturing
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3D ZEele 9AF (1)
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Support Structures in the SL Process
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LOM (Laminated-Object Manufacturing)
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FDM (Fused Deposition Modeling)
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FDM (Fused Deposition Modeling)
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ASTM F2792-08 (1)

« ASTM International Committee F42 on Additive
Manufacturing technology

« ISO TC261

« Vat photopolymerization

— liquid photopolymer in a vat is selectively cured by light-
activated polymerizaztion

— Stereolithography, DLP, Micro-SLA
« Material jetting
— droplets of build material are selective deposited
— Wax or Photopolymers, Multiple/Single nozzle
— 3D Systems Projet, Stratasys Solidscape machines + Objet
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ASTM F2792-08 (2)

« Binder jetting
— liquid bonding agent is selectively deposited to join powder
materials

— Zcorp, Voxeljet, ProMetal/ExOne

e Material extrusion
— material is selectively dispensed through a nozzle or orifice
— Based on Stratasys FDM machines
— Office friendly, DIY community, Best selling platform

e Powder bed fusion

— thermal energy selectively fuses regions of a powder bed
— SLS, SLM, DMLS, EBM, BluePrinter, etc.
— Polymers, metals & ceramics
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ASTM F2792-08 (3)

e Sheet lamination
— sheets of material are bonded to form an object
— Paper (LOM): Using glue
— Plastic: Using glue or heat
— Metal: Using welding or bolts, Ultrasonic AM

« Directed energy deposition

— focused thermal energy is used to fuse materials by
melting as the material is being deposited

— Wire & Powder Materials
— Lasers & Electron Beams
— Great for feature addition & repair

CAD 3D Printing - 18



o

Envisiontec. Stratasys
11.3% 38.9%
3D Systems
17.5%
A
. ’sﬁ... —o" Al_l- = -g-
Solidscape ™= ==="""Qpjet
4.0% 14.5%
° .
°

CAD

TE (2012 7|E)

More 30
Other

Com panies‘—‘\ o

10.0%

Beying
Tiertime
25.0%

7 Companies
15.0%

3D Systems (Biis From Bytes + Cubify)

25.0%

"« Aleph Objects

= Fabbster

= Formlabs

= German RepRap
= Printrbot

= Solidoodle

= Ultimaking

MakerBot
25 0%

NelE

3D Printing - 19



o dm

|
> ox o my 02 ix of b @ 4y i 02

P 37| 8 x 10 x 821X[(203 x 254 x 203mm)
HI& =52 0921 X|/Al[(23mm/A|)

O £7H|: 0.0035~0.004Q1X|(0.089~0.102mm)
MZ:0.00621X|(0.15mm)

&: 300 x 450dpi

k- 180,000 M(271°| ZEIE 3| E)

X A

> or | ©

0

'Y

2 ntal Al STL, VRML, PLY, 3DS, ZPR
+243: 48 x 31 x 55Q1X|(122 x 79 x 140cm)
2 A: 4251bs(193kqg)

K 71: 100-240V, 15-7.5A

C ™

'Y

CAD 3D Printing - 20



File Formats

STL (Standard Tessellation Language)

— 3D Systems Of| A 7H{2f, ASCII2} BINARYE H P

- A 45 A1 UX| = 3AHE X HER] HodE 7Y

WRL (VRML 1I}&, 2& "& E(world)"2t &)

- 3D |2 HEAQr OfX| & #H MZ, HAK UV OfE,
HiAF S &8 gt 55 HY

PLY (=2 3D &7H 25K 3 A3 HIO|HE M)

C .S

- MW CHZAo| 2|AEQ 22 T ZHA|O| H| WA

(@) (@)
HEH= X &

AMF (Additive Manufacturing File)

— XML 7|Hto| H|O|H 28 @F AA =y &3

- 7|82 su= L= OXE MEE Zgct S M=z, CHAY
R My =t =& B
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Direct Digital Manufacturing
(Manufacturing)
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CAD
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Xt= X} Strati (2015.02)

+

)
3D Printer (BAAM, CincinnatiA}), 5= AA7LE 7|, REl27t
(AH[O]0, TiXt 5 =2 R)
KPM| 22 550kg (R EF XA+ =0+ 2 E+ L EF: 400kg)
22271 1/4002 05 (EV: 28H74=>507), &X|=h
Z|Z)EEE ZY A2 g5t 8 S22 =E
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BAAM

— Big Area Additive Manufacturing

— 712 ORNL(Oak Ridge National Laboratory)
— M| ZAfE Ol= CincinnatiAt (217 A))

— M|A Z|CH 3D = 2IE (2015.03 7|&)

- L= XA 8mm, X& 0|5 H2| 76mm

- Nz £ 4mm

— HZ=EH: 6.0x 2.3 x 1.8m
- =L 45kg/hr

EtA &8 R 2 SHABS)
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Mass Customization
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Precision vs. Cost/Time

AL +0.1~0.3mm +0.0lmm +0.03mm
1LIHE Al2t 3.7Al2t 17 Al 24 257
NS IHE(H=8I) 20,000Yen 129,000Yen 70Yen
ZII(ZHl) Al 2t 0 8Al 2t 1~1.504 &
=Jl(=dl) It 0 60,800Yen 2,000,000Yen
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