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Growth of Additive Manufacturing

* AM is growing exponentially and is

$7.600—

currently valued at $7.3 billion —
« Annual growth for 2017 was 22% e [l e s cienmens e s |
« The value is split evenly between |
AM fabricators/machines and parts s -~ oo m oo
produced on these machines “'“""‘_'
* Over 14,700 industrial units (unit :“’“""’:' S
value > $5000) were sold in 2017, | R — | | ,
including over ~1800 metal AM B
fabricators a0
¢ Sales Of IOW COSt pOIVmer 3D s 93 94 95 96 97 98 99 00 01 02 03 04 05 06 O7 08 09 10 11 MaChIneS
printers was over 530,000 units in
2017 Source: Wohlers Report 2018
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B EuroPM2017 (10/1~10/5)
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-$9 3500 & (HF DK
- ERMAREEE
- 700 ton (20154F)
- 4700 ton (202345 FHl)
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B formnext2017(Frankfurt) =

@ HEER:470¢t. RE 21,492\
@ E¥E:
- K&k (GE,SLM Solutions)
TILFL—HIZ&KEERE
-BEIE
@ Fi-HWEMEVYILOT CETL A
- Autodesk manafacsurimgmachines/proeeratsn.
-Siemens |

N Ms&Tzo17(Pittsbumm
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@ E=HY T HiN =

e: W. Campbe II W. Tilson, ASTM/NIST
~ A ) 4
. /\Jb—/a JE w k h op on Mechanical Behavior in Additive i e
O
— V20 U factured parts M ay 4, 2016) C. Zhao et al., Scientific Reports, 7 (2017), 1-11.
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2010~

e PBLAI. DEDAR.BIAK (£R)

o 155 - & B &0 &4 (Renault Trucks etc.)

e £& BEIHKLEEADFERA (BMW., Audi etc.)
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- SEYRFArALE >4 (RP:Rapid Prototyping)
« SEYRIYZ=T7OF¥")>% (RM: Rapid Manufacturing)
s PTAT47R=792F )04 (AM: Additive Manufacturing)

Additive Manufacturing Categories
As defined by ASTM F42 Committee

Binder Jetting Liquid bonding agent selectively deposited to join
powder

Material Jetting Droplets of build materials selectively deposited

Powder Bed Fusion Thermal energy selectively fused regions of powder bed

Directed Energy Deposition Focused thermal energy melts materials as deposited
Sheet Lamination Sheet of material bonded together

Vat Photopolymerization Liquid photopolymer selectively cured by light activation

. Material Extrusion Material selectively dispended through nozzle or orifice
9
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(World PM2016, Hamburg)

Graphic of the conventional design of the assessed steel cast bracket (left) and
titanium bracket with optimised topology made by using DMLS technology

I 4 N A | ta | r (Source: EADS)

(http://www.eos.info/press/customer_case_studies/eads)
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@
Bending f s
LLNL/MIT team creates ultralight, ultrastiff

metamaterials; possible applications for
automotive and aerospace

2= GERREREREBBHTHARH
J KFLEE70% SLM280HLIZ kYR E) y

\_
-G EOBI®R | rexzmEstoREL?) s




RO
-BEELigE

S NERHOES
S— R

EDERF

[k HMREILEET

-nERIT O

17579k

Design Space

Smoothing

w/ la
<A e *’.\Jﬁ‘\,

FEM Model
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Titanium Inserts for Spacecraft: 66% Lighter
with Metal 3D Printing

from 1454 grams to 500 grams

(https://atos.net/en/2016/press-
release_2016_10_03/atos-materialise-create-

t-spacecraft-structures-made-
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-u—*fa).‘%‘tﬂﬁ{b(zoo <400 W=1 kW)
L—HNZRRIE(1E=22H85L\[F48)

ERYAXDOXKE (0250 x 250mm=>[11000 X 1000mm)

ERREBOT=4Y) S HBEEER
x KREBOH

it EOS SLM Cor_\cept Laser 3D Systems
M400 SLM500HL X line 2000R ProX400
&R YA ZX(mm) 400x400x400 500x280x320 800x400x500 500x500x500
L—Y— 74 N———| 77 N—L—HF—T7 L I\ —L—F— T, /N —L—H—
Hh (W) 1000 400/1000 1000x2 500x2
ARy RE (um) - 80~120 100~500 -
EEEE (m/s) ~7 ~10 ~7 -
BERES (um) 20~ 20~200 30~150 10~100
105 10~100 -

- & EE (cm’/h) -
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EB-PBF:120cc/h
LB-PBF:10~20cc/h

EB-PBF:[0250hm
LB-PBF:[1250mm

EB-PBF:120cc/h
LB-PBF:~105cc/h

R I | |
ER30TU itRE | TRAFAMZ Bk |
| l

o = AL [TRAFAM B 4Z]

=& (L TLFREIE EB;PBF:500c/h

LB+PBF:500¢c/h
DED:500cc/h (3£

DED: 60cc/h DED:300~400cc/h ‘

TRAFAM

mEREREE- [TRAFAM HiZ]
Pt EB-PBF:[11d00mm
' EB-PBR:J350mm  LB-PBF:L11000mm

4 . LB-PBF:[0400~500mm ! !
HAE XB-#tele ) shsE
g =D M2y :

= AL

2020
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Deposition) )

-T—OBmTRIO a3y
[Cranfield University]
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B N\ 5271424 (Binder Jetting)

ig - [l I I I el ad
*Digital Metal Sinter

E O Density 98% 98% 86% 100% 100%
| |

X ne Roughness 1.6 0.8 1.6 3.2 1.6
*RICOH Weight 0.1-20kg  0.1-100g 5g-2Kg  30g-4.5Kg  No limit

“Coated Powder Based Additive Manufacturing

using Inkjet Technique“ by RICOH
(Proceedings of Printing for Fabrication 2016)

Ed

EXOhS} : ~316L
(PowderMet2016, Boston
& World PM2016, Hamburs)

Digital Metal
(Digital Metal#t DIFEIZKD)
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‘ Rapid solidification
i . =>very fine microstructure

& high strength

\
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Vapeor/Plasma Plume

e Liquid
pid- pul Expulsion
()‘}LFj’—}b) . (Spatteﬁng) Scanning direction
Melt pool
.. ‘ . ye ¢ ¥ : o amlen’d
—_— ~ = % - . Sald - N -
x ITVOZRR: REAERNE a8 emp— e Rl E 2l e e R
BRE) D EL =3t - ‘ meltir;g — ' L solidification :

AMEROERAR .
2mm (0.008 s)
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- Surface tension

(V(T)=v, +(dv/dT)(T-T,,))

(Marangoni convection)

RI\yA

- Vapor recoil pressure

®E(Kn>1) {EE (kn<2)

\—HE— \L—HE—L
\ \

AEAWE,

X FRIRRORAR

(H 88 :M.J. Matthews et al., “Denudation of metal powder layers in
laser powder bed fusion processes”, Acta Materialia, 114 (2016), pp.
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BGEttDAMA DIV A GE Additive
*Machines
*Materials
“ Consulting
Parts:855=12 “met I .,
-”"meter-class
GE AM additive CT7-2E1 technolc?gy SLM machine
el 1 Heat demonstrator (a-CT7) design " multi-material”
Team ;e exchanger  GE90 series GE PREDIX platform SLM machm;e
| | | | | -BJ type machine
O ® O O o o0 O o
2010 2012 2013 2014 2015 | 2016 | 2017 |
- Morris LEAP nozzle "ARCAM GE Aviation Opens
Tech “Concept Laser Newy Brilliant
"Avio Aero Advanced Turboprop (ATP)

engine design

AM:35%

e

https://www.geaviation.com/ 34
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AM Factory

Process stations and handling station Handling module

(http.//www.conceptlaserinc.com/)

Additive Industries

MetalFAB1 system
(Metal AM magazine, Vol.1, No.4(2015), p.35.)
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Product Innovation | 0

Dassault: Platform
SDEXPERIENCE
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‘- \\ﬁy,
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- Materialise World Summit

. ”"""////////////’”" ‘ 20178 T (ATOS) &Y
Differential Housing (GKN#t D IFE (2K 5)

el
“ﬁ"-ﬁﬁﬁb\b} %—ﬁﬁﬁ«d)ﬁhﬂ

Titanium Inserts for Spacecraft:
66% Lighter with Metal 3D Printing
(Materialiseft DIFEIZL D)
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- “Digital Twin”

7 A7 : Industrial Internet. F*Y : Industrie 4.0
A E : Made in China 2025, B & : Society 5.0
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