CAD

Additive Manufacturing (AM) Terminology

Known by many names:

3D Printing

Rapid Prototyping
Rapid Tooling

Rapid Technologies
Rapid Manufacturing

Advanced Manufacturing
Additive Fabrication

Additive Layer Manufacturing
Direct Digital Manufacturing
Direct Manufacturing
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Additive Manufacturing (AM) / 3D Printing

« A process of joining materials to make objects from
3D model data, usually layer upon layer, as opposed
to subtractive manufacturing methodologies

- 3p= 28 OX| E XA+l H[Oo|H & 0|8, &% & XSl
3XHE =M & H=ote Z2MA

— MZH| Z(Additive Manufacturing, AM): | 25 X2 7L}
24O} A ASHE H ATLHES (subtractive manufacturing) 2t
e 2= 7HE2 2 54 80

O 71 O

« Group of technologies that create products through
the addition of materials (typically layer by layer)
rather than by subtraction (through machining or
other types of processing)

ASTM International, Standard terminology for additive manufacturing technologies, designation

F2792 - 12a, 2013, p. 2.
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Additive Manufacturing (AM) Process Flow

FINAL PRODUCT
+ 3D scanning Material used

- Imaging tools Complexity of the product

+ stylus-based and other
design technologies

CAD-based .STL file
3D model

Sliced layers

End-part
finishing

Secondary processing
= Sanding

= Filing

Polishing

Curing

Material fill

Painting
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3D 2B GAF(2)

— 2008 : 0l A A Self-Replicating Z2IE 22|=
Shapeways2| DIY A{H|A
— 2009 : MakerBot 3D L 2IE{ DIY Kit A|&0f| ZA|

— 2010 : Southampton LSt 7| =Xt=0| MA|l £|= 3D Z2IHZ
K| ZHSH AL H|SiH e A2

— 2011 : MAl == 3D Z2lHZ Iﬂ’%@ INESPN NV

— 2012: HIE2tE0| A 3K Z2IHZE Q5 E 13, FDM &4l E5
204 7|17t Ot O =3t T =7
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— 2014 : SLS Al E3{7|7t Dt2 2 FDM 22l ZH0| CHE 30| B2
71 of &
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http://reprap.org/

speed of processing
complexity of design
variety of materials used

Evolution of AM Technology

Low-cost AM systems developed
around the world (Japan, United

tes, and
First AM system: Printers based S e

Stereolithography (SLA) on new
systemn developed by 3D technoloiges
Systems in 1987 introduced

Technology advances led to
increasing adoption in automotive,
aerospace, and medical industries

'93 ‘94 1995 ‘96 ‘97 ‘98

First-generation acrylate
resins commercialized by
3D Systems and
Ciba-Geigy

MNew resins developed and Materials developed to
commercialized for usein a withstand tougher
wide range of 3D printers conditions
Focus on developing
capabilities to process
newer materials (e.g.,
composites and metals)

M Printer/technology advances M Material developments
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AMS| 7|2 & &2 (2)

4 (Photo Polymerization)
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AMS| 7|2 & &2 (3)

- HEH| 2AL Al (Binder Jetting)
— 2ot SHEfo| AXY Q0f YArO| HAIK| S B 2kt CHH S MMSHE
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1ISO TC261, ASTM F42

g Binder Jetting

*

Material Jetting
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Support Structures in the SL Process
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(c) Ceiling within a
arch

(d) Ceiling
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— Material Jetting / dispens
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Binder Jetting
3DP
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Sheet Laminating
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ASTM International (American Society for Testing Materials)

/ Categories of AM Technologies (1)

* Material Extrusion
— material is selectively dispensed through a nozzle or orifice
— , Contour Crafting

* Photo Polymerization

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

« Material jetting
— droplets of build material are selective deposited

* Binder jetting
— liquid bonding agent is selectively deposited to join powder materials
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https://www.youtube.com/watch?v=WHO6G67GJbM
https://www.youtube.com/watch?v=NM55ct5KwiI
http://www.carbon3d.com/clip-process
https://www.youtube.com/watch?v=Som3CddHfZE
https://www.youtube.com/watch?v=L6Rd9diIkrs

ASTM International (American Society for Testing Materials)

[/ Categories of AM Technologies (2)

« Powder bed fusion
— thermal energy selectively fuses regions of a powder bed

« Sheet lamination
— sheets of material are bonded to form an object

» Direct Energy deposition

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

— , EBW (Electron
Beam Welding)
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https://www.youtube.com/watch?v=9E5MfBAV_tA
https://www.youtube.com/watch?v=Mjf6oaMVWr8
https://www.youtube.com/watch?v=bgQvqVq-SQU
https://www.youtube.com/watch?v=M_qSnjKN7f8
https://www.youtube.com/watch?v=ciCxNgROtm4
https://www.youtube.com/watch?v=3KrfIBEOuvw

CAD

Classification of Additive Manufacturing

CATEGORIES

TECHNOLOGIES

PRINTED “INK"

Processes by ASTM International

POWER
SOURCE

STRENGTHS / DOWNSIDES

Welding (EBW)

Fused Deposition Inexpensive extrusion machine
Modeling (FDM) Thermoplastics, Multi-material printing
Material Extrusion Ceramic slurries, | Thermal Energy
Metal pastes Limited part resolution
Contour Crafting Poor surface finish
Selective Laser Polyamides
Sintering (SLS) Polymer High Accuracy and Details
Direct Metal Laser Atomized metal High-powered Fully dense paris
Sintering (DMLS) powder (17-4 PH Lazer BEeam High specific strength & stiffness
Powder Bed Fusion | sajective Laser Melti stainless steel, Powder handling & recycling
vﬁ:sl_,:;r €HNG | cobalt chromium, Support and anchor structure
““mﬂ]}ﬂﬁm' Fully dense paris
¥
Hactrnn{g;a':; Mealting ceramic powder Electron Beam High specific strength and stifiness
Vat Photopolymer, High building speed
Stereclithography Ceramics . Good part resolution
Photopolymerization (SLA} (akuming, Ultraviolet Laser Overcuring, scanned line shape
zirconia, PZT) High cost for supplies and materials
Multi-material printing
Material Jetting Polyjet / Inkjet Printing | T Motopolymer, | Thermal Eneray | g n oitace finish
Wax | Photocuring .
Low-strength material
Full-color objects printing
Indirect Inkiet Printi r;g:?: ;g:iﬁ Require infiltration during post-
Binder Jetting b " . ' | Thermal Energy processing
(Binder 3DP) Ceramic powder, . Wid ial select]
Metal powder e material selection
High porosites on finished parts
] . Plastic Film, High surface finish
Sheet Lamination Mﬁu"‘f;":t[fﬁ "':‘fg‘m Metallic Sheet, Laser Beam Low material, machine, process cost
ng Ceramic Tape Decubing issues
Laser Engineerad Net
Repair of damaged / worn parts
Directed Energy Shaping (LENS) Molten metal pan parts
Deposition Electronic Beam powder Laser Beam Functionally graded material printing

Require posl-processing machine

anufacturing - 26




CAD

AM Technologies / Base Materials (1)

Technology

process

Typical materials

Advantages

Disadvantages

Stereolithography  \at Liguid photopalymer, Complex geometries; Past-curing required;
polymerization | composites detailed parts; smooth finish | requires support structures
Digital light Wat Liguid phatopalymer Allows concurrent Lirnited product thickness;
processing polymerization production; complex shapes | limited range of materials
and sizes; high precision
Multi-jet modeling | Material jetting | Photopolymers, wax Good accuracy and surface | Range of wax-like materials
(I} finish; may use multiple is limited,; relatively slow
materials also with color); | build process
hands-free removal of
support material
Fused depaosition Material Thermoplastics Strong parts; complex Poorer surface finish and
modeling extrusion geormetries sloweer build times than SL4
Electron beam Fowder bed Titanium powder, cobalt | Speed; less distortion of Meeds finishing; difficult to
melting fusion chrome parts; less material wastage | clean the machine; caution
required when dealing with
X-rays
Selective laser Powder bed Paper, plastic, metal, Requires no suppart Accuracy limited to pawder
sintering fusion glass, ceramic, structures; high heat and particle size; rough surface
composites chernical resistant; high firish
speed
Selective heat Powwder bed Thermoplastic powder | Lower cost than 5L5; Mew technology with
sintering fusion complex geometries; no limited track record
support structures required;
guick turnarowrd
‘Direct metal laser | Powderbed | Stainkess steel, cobalt ' Dense components; intricate | Meeds finishing, not suitable
sintering fusian chrome, nickel alloy geormetries for large parts

Additive Manufacturing - 27




AM Technologies / Base Materials (2)

AM - - -

Technology —— Typical materials Advantages Disadvantages
Powder bed Binder jetting  Ceramic powders, metal | Full-color models; Lirnited accuracy; poor
and inkjet head laminates, acndic, sand, | inexpensive; fast to build surface finish
printing Composites
Plaster-based 3D | Binder jetting | Bonded plaster, plaster | Lower price; enables color | Limited choice of materials;
printing composites printing; high speed; excess | fragile parts

powder can be reused
‘Laminated object | Sheet l Faper, plastic, metal | Relatively less expensive; Less accurate; non-
manufacturing larmination laminates, ceramics, no toxic materials; quick to | homogenous parts
Composites make big parts
Ultrasonic Sheet Metal and metal alloys | Quick to make big parts; Parts with relatively less
consolidation lamination faster build speed of newer | accuracy and inconsistent
ultrasonic consohication quality compared to ather
systerns; generally non- AM processes; nead for
toxic materials posSt-processing
Laser metal Directed Metals and metal alloys | Multi-material printing ' Relatively higher cost of
depaosition energy capability; ability to build fystems; suppart structures
deposition large parts; production are reguired,; nead for
flexibility post-processing activities to
abtain smaoth finish
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Technologies and Materials Matrix

Technology Polymers Ceramics Composites
Stereolithography [ o
Digital light processing [ ]

Multi-jet modeling (MJM) [ [ ]
Fused deposition modeling [ ]

Electron beam melting [ ]

Selective laser sintering L ] o o o
Selective heat sintering [

Direct metal laser sintering [ ]

::u:t?:; Eed and inkjet head » ® ® I
Plaster-based 3D printing 9 [ ]
Laminated object manufacturing™ L] P [ ] [ ]
Ultrasonic consolidation [ ]

Laser metal deposition P [ ]
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AM vs. Traditional Manufacturing

 Advantages of AM
— Design complexity
— Speed to market
— Waste reduction

« Advantages of traditional manufacturing
— Mass production
— Choice of materials
— Manufacturing large parts

« Two key areas of benefit
— Workflow streamlining
— Flexible design and product customization
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File Formats

STL (Standard Tessellation Language)

— 3D Systems 0| A] 7i{&, ASCII2F BINARYZ H T
— A U= 7K 2 UKX| = 3K XL ER dods £
WRL (VRML It 25 "&E E(world)"2} £ &

— 3D SO HEALLOX] H #H MZ HAKX yv OiE,

HIAFR R g0t s B
PLY (2 3D &7H 25 E 3 X2 H|O|EH = X&)
3 C

- WO Ct2idol a|AE 22 EHYU N9 BT E ZHEHS)

ZHErol

o (@)
SH=Z X &

AMF (Additive Manufacturing File)
— XML 7|2tQ| HO|H uehd @E A4 g 3
- 7|82 s Lz O E MEE 2t 8=z, CHXY

22 My, 2R 1XE BEY

[ot
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STLEIHC| F2

<AL

Surface Tessellation Language
Stereo-Lithography
Standard Transform Language

STL(stereo lithography) TH SAI2 0= 30 SystemsAP? 19883 HESH R IEH|0|A &
H0|E] FA0| ZICHSI0] 2EEHCAD A|AEQ XD OS5t A2 AECHED| WX | Yot oo 200 2HRIEHH 28
79| R CAD AJAZI0M Ml 3DRUS ST HAIOZ Hghls

STL madal
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STL vs. AMF

STL A2 REHIA0| 12| REDLRAL 0|22 SH FUIS AZHOZ 125101 A21E x| 2 3DAS0| S
TEI0] SARGIA T A2 BXE EHEL A 2SI L H HEC| QAIE £5| 3D 2H2 7GHERIS A

STL THUE O/l SA|BHASCI T B4 STL I{R0| Z 54 SBEID QIOLHIIY BAl9| FEHOR COE LS B
EEX| HE BE 9 H0[E 2 Ko 02| 52| SHRUS

AN

STLZO AMF

— | STL Format| AMF Format
W ! Tnangdlar mesn fara 10am (Binary) {Curved Triangles)
S — sphere with 1mm arecision IPRECISION I8 B A Mo

s0& triangles ¢ 0. 13M3 |Hﬂ OF MESH TRIANGLES| 49,500 320
Triargalar mesn far a 100m so0ere with L0 micran argoisicn |FILESIZE 2400k 10k
0,000 tnangles S 330,000 [nes [ 13MB . -
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3D Printing in Industries
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INDUSTRIES

COMMERCIAL
AEROSPACE
AND
DEFENSE"’

AUTOMOTIVE™

HEALTH
CARE'

u .'"_;"R;Ei:;:ji'sunmzn
_ PRODUCTS/RETAIL

CAD

AM Applications

CURRENT APPLICATIONS

POTENTIAL FUTURE APPLICATIONS

Concept modeling and prototyping

Structural and non-structural
production parts

Low-volume replacement parts

= Embedding additively manufactured
electranics directly on parts

« Complex engine parts

» Aircraft wing components

+ Other structural aircraft components

Specialized parts for space
exploration

Structures using light-weight,
high-strength matenals

» On-demand partsfspares in space

» Large structures directly created in
space, thus circumventing launch
vehicle size limitations

Rapid prototyping and
manufacturing of end-use auto parts

Parts and assemblies for antique cars
and racecars

Quick production of parts or entire

Sophisticated auto components

+ Auto components designed through
crowdsourcing

Prostheses and implants
Medical instruments and models
Hearing aids and dental implants

Developing organs for transplants
+ Large-scale pharmaceutical
praoduction
»  Developing hurman fissues for
reqenerative therapies

Rapid prototyping

Creating and testing design iterations
Customized jewelry and watches
Limited product customization

Co-designing and creating with
customers

» Customized living spaces

+ Growing mass customization of
consumer praducrs
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. Examples of objects that can be printed
using AM
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AM in an Automobile

CAD

CURRENT Manufacturing process it
Exhaust/emissions

Applications; Frototyping, customized

Fluid handling tooling, investment casting Applications: Cooling vents
Applications: Purmps, vales AM technology: Fused deposition AM technology: Selecine |asar melting
e y modeling, inkjet, selective |aser sintering, Materials: Aluminum alloys

AM technology: Seleciive laser selective laser melting

miglting, ekectron beam melling p -
ol 4 Materials: Polymers, wax, haot work steels
Materials: Aluminum alloys

Exterior/fexterior trim

Applications: Bumpers, wind
breakers

AM technology: Selective [aser
sintaring

Materials: Polymers

FUTURE

Interior & seating

Applications: Dasnboarcs, seat frames

AM technology: Selective laser sintering,
stere-lithography

Materials: Folymers

Wheels, tires, & suspension

Applications; Hubcaps, tires, SUSpersion sprinns

AM technology: Selective laser sintering, inkjet,
selective laser melting

Materials; Polymers, aluminum alloys

Powertrain, drivetrain
Applications: Engine companents
AM technology: Selective laser
rmeiting, electron beam meltng
Materials: Aluminum, titanium alloys

Electronics
Frame, body, doors e o I
e Applications: Fmbedded components such as sensors,
Applications: Body panels single-part contral panels
AM technology: Selective [aser melting AM technology: Selective laser sintering
Materials: &luminum alloys Materials: Polymers

OEM components

Applications: Booy-in-white

AM technology: Selective laser melting, slectron beam melting
Materials: Aluminum, stee! alioys

tive Manufacturing - 39



=} =}
:8 Ar2i] of :.al AL o
=0 £0}
CHA| 2 E,
g7z g
RSA | viomE S 2 ;Iﬂag
N ES
=
ogy | QMO b
ol ZH, 01 BE © el
A oo wae iy =
& HE A&
2oIyEY|
a3/ | =g 2= M= nz | 2% 29
o | (AmEAEK, A=
QA7 BE S
ENTp 57 3 — T
a7l | A
A | Hsg T SHIRH * x| BT
ol E kS 7 gy —
e | O g
GHEE) LN R —
CAD

Additive Manufacturing - 40



http://www.madeinspace.us/

o
by g

Direct Digital Manufacturing
(Manufacturing)
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2. 21t =2 3 3D =2 7=S?

-1 =

— e[| 7| ZArdE A5 Of5H
- FIHEIO ALY O|Q0f HA =H0t AE4MAG/EEE A S
N=

— At&=t7F BOl £[Of U= AFEXZH 7YY &= U= mrato|

- dX[2E MOo(2E F), AU, MEE BA Wl MEE KA
£ ZL2ot 2K

— Data Format
« STL: &< dEO|20 £ =7ts
- AMF(Additive Manufacturing File Format) &2} &H|2H
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Nikkei Monozukuri 20164 1€ S

Mass Customization

« Order made: 124 2 410f| Lok 7 H x| X 3}

« Mass customization: CH 24 A1 550+ 7t4 4t 7|7k
o Ml 7ts (ME2 28717 =]
— Atdd: HHE (O|E1 2| ATHO| SHLY C
— ZYAIZE HMA[ZH(ZEE GO O A Y
- 24X E Yo|ME Bydddsote &

— MSZH: 2FM10mm

_ SIXEE AN xTELQ

rr ym

[ R S S Ry Ry
| RICOH *& E#
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Precision vs. Cost/Time

| 3DPrinting | _ENII3 NESE

de L +0.1~0.3mm +0.0Tmm +0.03mm
1S Al 3.7A 2t 17 Al 2t 25%
NS JHE (M =H]) 20,000Yen 129,000Yen 70Yen
ZII(ZHl) A2t 0 8Al 2t 1~1.501 &
=Il(=tl) It 0 60,800Yen 2,000,000Yen
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Mass Customization
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EFEIANAS IS =Ll

»Part] IR .08 *Port2 SN ..M »Portd BEE ..p90
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Mass Customization: A&l (1)

« BMW MINIC| L[ & F & HLEDOO|E AMH| A
_ (2018 =0 7HA|)
« Volkwagen “key case”
— HP Metal Jet (3%3DEZEH)E M X3 £2 =H (2019.09)
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https://yours-customised.mini/

Mass Customization: At (2)

- Adidas “Futurecraft 4D” (midsole: &%)
— S T|L A ofL 2t E [ 30| 83
A2 XX
=1
« HOYA vision care “Yuniku” 7H &
— CHX| C|X}FQIO|LE AFO| =2 = SH= Z40| OFLI2t AlH =F
FENZ AN EZE EUE

CAD Additive Manufacturing - 54




Mass Customization: At (3)

R %%:)I[H AHM— |§E:I'LA MIAM| = EX-II E
_ AL _g_ | O:|__|.L7 % OAI-7=|7|_Q_ o] 7< “Rami’”
- OIH HE2 FE 43 7, ’éﬁI/XﬂEE TEMA X X5t
« Align Technology?| X[} 78 7|+ “Invisalign”
- X 327, 18 T =5 7I18% 22| 2B A EE B
SEeo = A, mw 5202 X =

CAD
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Mass Customization: At (4)

- Gillette “ " MH[AS AR JHA] (2018.10)
- HEJ| HERES HAEDIO|=
— 487§ THE 2| 7|2 CIXFQl MEHSIO) A B T 5 #

)

* Original *
— 20, Z2f HE OX2l= 109 7HX| SO[A HEE, AO|=E
780 s, WA 2R8H 1671 AIO|=F X522
= =

(e " | i i "“

a | H |“||||||||||I lHIlH ||
'”"l"';fll"qlfl" |'|\"|"I:'; 'H“H"H' i

Wll I]IJIJIhMIIIIﬁIMHM\thh “'”” i
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https://razor-maker.com/
https://shop.originalstitch.com/

Mass Customization M 9|

Mass Customization

WE 040 X HEF= NM/t4, T2 HYIZ S
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Mass Customization
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Customize M= X} O|

PCO| BTOL}

AtS A H O] A

2N =
H ©

*BTO(Build to Order)

HATIS HEE Z

O L=0 & 248t £F

Mass
Customization

. D2 Q70| 2Ssts HAEHDO|XEH)0 = 2rf, S £
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Customize M & A [E A
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Mass Customization= 7}&A|7| = M7|=

Mass Customization

FSA7|= dYEHEE=M L AR =7 =AH gL
ICTZ2 283} Additive Manufacturing

Generative Design 3D Printing
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AMZHH|E £33t Mass Customization

Gillette HE 7| S = Adidas midsole “Futurecraft 4D"
Formlabs (O] =) CARBON (O]=)
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CAD
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ZHZYG Lo o 2] 7He| == HiX|St ot =¥ ot=

WO 2= Hitd 2Fa0f oHA

EOS(= Y) LaserProFusion (2018.11) | BT

— Laser = 7}: 1002t71 Q| VCSEL(HZ &2 0| M)E & 2ot 3456
| Al O Xo:lo."IZE S ZAF(10HY EAh

Carbon(0|=) =

— MINIC| LH2|EEE Adidas?| midsole
— Z7t A3t A7 &4 9AX|, 43 =X A

- - =
oS 2s 28NME 22 2 2Z2A7|= B
— HP(O|=) Metal Jet
— Desktop Metal(0| =) Production System: 12,000cm?3/hr
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« TRIDITIVE(2LH2l) AMCELL
— ZAH[O|O{HEE AFO|0| 11 AMTH|(FD) O & EH Hi K|
— AMZEH| 7tofl& 22 X|, Z&plate 2%t 1
« 3D Systems(0|=7) Figure4 Production
- ZYRS(VPP)E 03 7§ A Z
- Zplatel| At 25 7F 0|52 AtE2t

» Additive Industries(L| 2 2t =) MetalFAB1
- 7<<>4EE(PBF)+ @M + ZE=
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