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https://britehub.com/manufacturing/machining/5-axis-cnc-milling
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https://gigaom.com/2014/01/14/why-2014-could-be-the-year-
of-the-light-based-3d-printer/
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Oven temperature: 900-950°C Martensitic quenching in
Time: 4 to 10 minutes the stamping tool

http://automotive.arcelormittal.com/europe/products/EN

Plastic
Moving Fixed Granules  Hopper
Platem Platern \ 7
Mould \ Mould | Inyection
Clamping Tia \ ‘ _Cylinder
Cylinder Bary ¢
\ -

: H‘GatM
Check
MoHon \/aive Bands

Plastic

http://www.rutlandplastics.co.uk/advice/moulding_machine.html
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@® Conventional Manufacturing (subtractive) process

Material Machining Sc:apIWaste
@ Additive Manufacturing Process
(38
Material Layer Deposition Scrap/Waste

http://www.matse.psu.edu/research-topics/additive-manufacturing
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. 19833 # W Charles Hull# % 3D 7] & H jis( Stereolithography, SLA) »
B =& 413D B A stl R 5N o

. ,u w0 3DF) e L S P-sg = 3] (Rapid Prototyping , RP) o
* 2009 F - Z B E%KE € L5 6 L & W2 (Additive Manufacturing,
AM) o
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3D & 2% Charles Hull

Charles Hull 41983+ % P 7 SLA (Stereolithography » /% Chuck Hull explains Stereolithography

G Bk B i) 3D A BB SE 1S 01984 Ry oo

21 ¥ P L8 s . . : " DGR 2465

HEREA] 0 1986 EEFF Lk F - 2B TS - 36,631
Bl BT ST B Hee3DI e Bl R <ar e PET
B> 4 200 | 2 EAl N il 2

A(US 4,575,330);/ — # > fs = fde et 20 TR/ 4e 4 EMEM : 2011515 4H

E’jj3D Systems 2} ‘?‘J y % 4 «ﬁii’i’ #B Fﬁg E’f”;%l:- 52‘ ° What were you doing 25 years ago? Meet Chuck Hull, the inventor of Stereolithography.

https://www.youtube.com/watch?v=eyUPSYynywM

Charles Hull# i1 ’nf+_ FR:ENEFRFP REAE
(NIHOF) » I % A teh} % flAgdfrd &2 -9 fags o

www.3done.cn/
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% f it ff = A (Fused Deposition Modeling, FDM)

k] iv = k8% A (Stereolithography, SLA)

Z T 5E 4 (Selective laser sintering, SLS)

*f & 3 ( Powder bed and inkjet head 3D printing,3DP)

& K F %8 % ¢ (Laminated object manufacturing, LOM )
#c > & B2 (Digital Light Processing, DLP)

T+ & v = 4] (Electron beam melting , EBM )
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Fused Deposition Modeling (FDM)

Filament
% ©
®e == Heated

Material Spool B Extrusion
Head

Molten Material
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http://3dprintingindustry.com/3d-printing-basics-free-beginners-guide/processes/
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http://pixshark.com/stereolithography.htm
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http://en.wikipedia.org/wiki/Stereolithography

Low Cost FOM Form 1

10

http://www.designboom.com/technology/low-cost-
stereolithography-3d-printer-by-formlabs/
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Selective laser sintering (SLS)
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http://desiredcreations.com/Misc_MakerFaire09.htm
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Powder bed and inkjet head 3D printing (3DP)

Inkjet: Binder Jetting

Inkjet -
Printhead 7N\

s
u:rw-'l! -

Leveling Roller

- Binder

Feeders

Powder Supply
http://www.3axis.us/zprinter-3d-printer.asp

Powder Feed Piston Build Piston
http://3dprintingindustry.com/3d-printing-basics-free-beginners-guide/processes/

http://www.senztech.cc/showpros.aspx?proid=109
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1. FDM# 75 412009 % 5| #

UMD 141247

United States Patent [ (11] Patent Number: 5,121,329
Crump [45) Date of Patent: Jun, 9, 1992
[54] APPARATUS AND METHOD FOR Asymtek Brochure, “Benchiop Automation™ May
CREATING THREE-DIMENSIONAL 1988,
OBJECTS

Primary Examiner—Joseph Ruggiero
[75] Inventor: S, Scott Crump, Minnctonks, Minn. Assistant Examiner—Patrick D. Muir

M) Assi . Inc., Mi lis, Minn. Atiorney, Agent, or Firm—Moore & Hansen

[21) Appl No: 429012 (57 ABSTRACT -

. Apparatus incorporating a movable dispensing
L22) Filed:  Oct. 30,1589 | provided with a supply of material which solidifies at a
[51) Imt QLY .. GOGF 15/46  predetermined temperature, and a base member, which
[52) US. Qu . JGR/468; 364/474.24; are moved relative 1o each other along "X,” "Y," and
3647477, 264/239, 264/25, 425/1744  “Z" axes in a predetermined pattern to create three-di-
(58] Field of Scarch e 3647472, 473,477, mensional objects by building up material discharged

2647308, 113; 425/174.4; 427/8, 52; 164/94; from the dispensing head onto the base member at a

239/75, 82,83, 84, 132 controlied rate. The apparatus is preferably computer

driven in a process utilizing computer aided design

(56 References Ched (CAD) and computer-aided (CAM) software to gener-
U.S. PATENT DOCUMENTS ate drive signals for controlled movement of the dis-

1934891 117193 Taylor e 23 pensing head and base member as material is being dis-
3,749,149 7/1571 Paton et al

pensed.
4071944 2/1978 Chuss eral . . .
4247508 171981 b Three-dimensional objects may be produced by deposit-

429,513 10/1981 Langley et sl : ing repeated layers of solidifying material until the
4,545,529 1071985 Tropecano et al shape s formed. Any material, such as self-hardening
4575330 3/1986 Hull oo wanes. thermoplastic resins, molien metals, two-part
4595816 6/1986 Hall et al . epoxies, foaming plastics, and glass, which adheres to

4665492 3/1987 Masters .. ... M . ‘ o
4681258 771987 Jenkins et al the previous layer with an adequate bond upon solidi

. cation, may be utilized. Each layer base is defined by

861,938 $/1989 Deckard .
:'.m.m /1990 Beaman et al . the previous layer, and each layer thickness is defined
4944817 7/1990 Bowrell et al . and closely controlled by the height at which the tip of
the dispensing head is positioned above the preceding

OTHER PUBLICATIONS layer.
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2. B R B a§¥ 3 | RepRap(replicating rapid prototyper)

RepRap 3 &t © http://reprap.org/

. | - http://zh.wikipedia.org/wiki/RepRap
Adrian Bowyer
14
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UP plus2 Makerbot Replicator 2 Atom 2.0

XYZ Da Vinci 1.0A Prusa i3 Form1+ (SLA)
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http://www.hoganas.com/en/Powder-Applications/Additive-Manufacturing/ 17
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http://www.pichaus.com/design-3d-printing-diy-electrical-lamp-light-
@bd4bdd34da25c2ce703decabd71e178b/

PHEFES, - S SO S o ERAIT R v 0 SRR s i eatar kil
http://lunglungdesign.blogspot.tw/2014/12/hiroaki-nishimura-stratum-
vase.html#more
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http://newsweek.shu.edu.tw/public/view.php?id=2296



http://n-e-r-v-0-u-s.com/index.php
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Hands On Search Yahoo! JAPAN

23



NARLabs

http://www.engadget.com/gallery/the-future-of-higher-education-reshaping-universities-
through-3d-printing/#slide=517002

http://design-engine.com/new-more-affordable-3d-printers-in-development/

NN

http://disrupt3d.com/2015/01/04/safe-3d-printing-pen-children/
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Boy gets prosthetic hand made by 3-D printer
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http://disrupt3d.com/2013/04/02/how-a-3d-printer-gave-a-man-
his-face-and-his-life-back/

http://www.mymodernmet.com/profiles/blogs/william-root-exo-prosthetic-leg 26
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http://www.gizmag.com/custom-3d-printer-concrete-castle/33577/

https://www.whiteclouds.com/3d-printing-buildings-scale-models
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http://homeli.co.uk/geometric-confectionary-3d-printed-sugar-cubes-by-the-sugar-lab/
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http://3dprintingindustry.com/2015/01/06/hershey-3d-

systems-unveil-new-cutting-edge-chocolate-3d-printer-ces/
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Tinkercad SketchUp
123D Design Solidworks
TFfECAD |FreeCad Pro/E
DesignSpark Mechanical {[Rhinoceros
Catia
Blender Maya
HEICG 123d sculpt+ 3ds Max
Zblush
K 45 Meshmixer Magics

Meshlab
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Tinkercad
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an SIGN IN !. JOIN NOW -
D

The easiest, fiercest 3D
design tool around.

Tinkercad is a free, easy-to-learn online app

anyone can use to create and print 3D
models.

'Tihke!Clip .

B SSXRS > « 2R
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http://www.123dapp.com/howto/design
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http://cgvixing.com/2013/09/23/autodesk-meshmixer-launch/
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— Autodesk 123D
3DHA B

— Thingiverse, MyMiniFactory
ﬁﬂ%ﬁ

— Shapeways, Nervous System, Cubify
LA

— FFAF LW WK inplus 3D A B
— éff % - 3D Printer B° & #$31#H 2 0w
— E P ek D osg g, Kickstarter

0?@?%

¥ Maker space, Fablab
" ¢ Maker Faire
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| Facebook

% WDIY E 4 ¥ 3o

35



NARLabs
3D 7| B e

i S

FHN1

=5}

% 1 £

FEFH P & = 3DFH=-» 3DFEE

RS
GEZESINN 378 53

36



NARLabs

B EH2

Vd

t

3D Fr

fole
Ny
-
N o
o
1K <
Lk -
e B

BT R
(Shapeways)

uh

48

L

Ante

&4/
.xﬂa
Ma..n-

37



NARLabs

DI > R
. Fh74 => F 2 = F

\FE%§3DEP%\»+}3 T



3D>| B 2 ZB PR AR

e mt © https://ss.nchc.org.tw/3dp/index.php
B 45 : 3dpnche

@ HOME ¥{H - HAXH - R TLR - DWMERIDFNERSE - MREn -

PRF%38 P — \
¢ B E3DAEr AR B LA S A - R LR
+ 3DHF g o ik IRTE S o
o WEHIRIx e © B == D ﬂ
° Al )J__ D Fasdoass 1A Ascherws

‘\ J ‘ 7b}§~ tapﬁzj . Ak . g —— woQQl
+ 3D e glaRs 4 ¥ 4B R oo T o

9

(3 1.4 I
5 2014 KIRARIEMRS I L,

39



NARLabs

3D 45 fo S EP PR FR

i / RISk

3D Svstems / CubeX Trio

PP3DP / UP plus 2

= sk ]

W55
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FDM (JEE& L% + Fused Deposition

Modeling)

PHELCE B BLFE)

HIEE

PLA

ABS * PLA

BAFIETRT

~ 4

(w)x (1) x (h)

B IE275 x 265 x 240mm
=IEBEE185 x 265 x 240mm

140 x 140 x 135mm

SIS

0.25mm(WiEm/ NEBE)

mz/1v0.15 mm
72 70,40 mm

e -
LE

aw
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D24
.0

f{5 @ 580.5-0.8mm
F {5 FEH0.5- Imm

#55MELE0.1-0.2mm
FL (% FEH0.1-0.3mm
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f i 3 =8

PLA : K8 - 858 . 808

40




NARLabs
KE FRAE




NARLabs
IDF| e e 2 F 4 R HR

o Solid
10a VS.15¢
- o )
http://rapidprototypingservicescanada.com/selective-laser-sintering-sls.php
20 =

Neck width(A)

0 T ] T B | T | T T T | T
0 100 200 300 400 500 600
° A Time(ps)

http://www.harbec.com/capabilities/rapid-prototyping/
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Full Printed

http://youtu.be/NiOKDOnJ3VE
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