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v’ Eklemeli imalat temel esaslar ve prosesler

v’ Eklemeli imalat teknolojisinin avantajlari ve potansiyeli

v’ Eklemeli imalat siirecinde uygulamalar ve malzemeler

v’ Toz ve uygulamalarda standardizasyon

v’ D6kiim sektériinde eklemeli imalat uygulamalari ve gereksinimler

v’ Tekno-Ekonomik ag¢idan karsilastirmali degerlendirme

Sunum Igerigi
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Eklemeli imalat temel esaslar ve prosesler

= Bu yontem geleneksel Gretim yontemlerinden farkhliklar icermektedir:

= Kaliplama gereksinimi bulunmamaktadir
= Talash imalat yontemlerinin aksine malzeme eksiltmek yerine
= Katman katman olusturulan tabakalar ile malzemenin liretimine imkan vermektedir.....

= Geleneksel dokiim yontemleri ile elde edilmesi zor kesit ve geometriler icin hizli ve pratik bir tiretim kolayhgi

saglamaktadir

04.12.2019 altuncu@sakarya.edu.tr 3
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Eklemeli imalat teknolojisi- pazari

7.97 Milyar S 2018,
ORTALAMA Bliyume hizi 14.4%

23.33 Milyar $ 2026

Diinyada hizli gelisen bir teknoloji pazari....
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Eklemeli imalat teknolojisi- pazari

SSS ?

Temel ozellikleri, teknolojik sinirlari ve sinirlayici faktorleri?
Maliyetler ?
Uygulama firsatlan ?
Seri imalata gegis?

Standardizasyon ve Tedarik edilebilirlik?
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Eklemeli imalat teknolojisi- pazari

Uzay ve havacilik

Otomotiv

Medikal

2016 2024

W Agrospace W Automotive B Medical w0il & Gas wOthers

altuncu@sakarya.edu.tr 6
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Eklemeli imalat teknolojisi- pazari

v’ Implant sektoért, ortopedik,dental: hastanin fiziksel bedenine uyumlu tasarim

WM. v Micevherat sektorl, Sanatsal tasarimlar : 6zel tasarimlar, diisiik kapasite
' uretimler, Gretimde kaynak yontemi ve dokim elemine edilebilmekted

v’ Dusuk hacimli Gretimler: hizh prototipleme

v’ Turbinler, turbolar: kompleks geometrilerin Giretimi, hafifletme

04.12.2019 altuncu@sakarya.edu.tr 7
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Eklemeli imalat teknolojisi- enddistriyel

Future
potential
Aerospace
£ Automotive and Defense
= Mechanical and
plant engineering
Medical and Dental
£ Logistics Electronics
3 Pharma
E P&U  0&G Fashion

Wholesale & Chemicals
Retail
F&B

Current
application

medium high

Source: EY analysis based on 2016 EY global 3D printing survey.

04.12.2019 altuncu@sakarya.edu.tr
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Eklemeli imalat teknolojisi

L

3D PRINTING IN AUTOMOTIVE MARKET  Global Market Insights

REGIONAL ANALYSIS ,~® Component Landscape:
) Europe market CAGR \ Hardware segment share (2017): >75%
f' § 7~ Q—°(2018-24) 25.8% ' ' Software sector CAGR (2018-24): >30%

. L
! ﬁ - -@ Technology Landscape:
e v , FDM market share (2017):

(2017):345%

APAC industry CAGR >50%
p ° m— . k
(2018-24). >29% é 2 SLM/DMLs sector CAGR
(2018-24): >32%

2017 : CAGR (2018-24)- >25%

| 0 o - - -

>$1.4 BN 2019 2020 2021 2022

04.12.2019 altuncu@sakarya.edu.tr 9
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Eklemeli imalat teknolojisi

04.12.2019 altuncu@sakarya.edu.tr 10
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Eklemeli imalat teknolojisi-Literatiir

Aodreas Gebbardt
Jan-Stetierr Mol

ADDITIVE .
MANUFAC’ , ,
H/\ND Dr)K -A"' Liwr~Baxd s
eyt e 3D Printing

Understanding

Additive
Manufacturing

30 Printaq for Profotyping and Marufscasing

Additive ' : ‘r. _. Additive Manufacturing
Manufacturing o e
Technologies

30 Printing, Rapid Protatyping. and
Dicect DNgital Manufacturing
WiILEY v |

nd Efition
Fatted by Mohammed Manknzzaman

ADDITIVE e . " 3D and 4D Printing
ﬁ?&ﬂH!:UURING MANUFACTURING Dand n Winpeo % in Biomedical
: O - [ Applications

3D Pnntlng el A

Manufacturng

(S and Additive AT
- — Manufacturing S il
- Technologies
@ - | &) Springer

100’lerce kitap, makale ve teknik not Literatiirde.....

04.12.2019 altuncu@sakarya.edu.tr 11
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Eklemeli imalat teknolojisi-Universiteler-Merkezler

Additive Manufacturing at Arizona State University - AUT's Additive Manufacturing
Penn State Digital Labs: 3-D Printing Research Centre

Binghamton University - Carnegie Mellon University - Case Western Reserve

Emerging Technology Studio Department of Materials University - Additive

(ETS) Science and Engineering Manufacturing

— Bingha = R e— Camegie Melion * Case \Western Reserve
-

Center for Innovative Materials Center for Manufacturing Central Washington University

Processing Through Direct Innovation, University of - Multimodal Education Center

Digital Deposition Florida = e

ﬁ Pennsylvania Stats —I'iz— University of Flonda m — i

100’lerce uiniversite, arastirma merkezi, laboratuvar.....

04.12.2019 altuncu@sakarya.edu.tr 12
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Eklemeli imalat teknolojisi- Mesleki kurs ve egitimler

Design Optimisation for AN S , %
Additive Manufacturing ¥7 -~} 1 kN

Graduate Diploma-i_gf
ADDITIVE MANUFACTURING

Master Class in
Emerging Manufacturing Technologies

3D PRINTING

‘{"‘“‘“"“‘ s RAPID PROTOTYPING

{

@) namc® /
B ““°"‘ mano | -
Fundamentals of J y S 7 A ’ S
Additive /15 October 2018 : — g/ : CERTIFICATION
Manufacturing / NTU Innovation Centre = % \ " { : p | COURSE ph

71 Nawang Drive #04.0] |638075)
Course
WORKSHOP

{5 TOoOLINGU sme”

100’lerce egitim programi, kurs, calistay, ders ve lisans programi.....

04.12.2019 altuncu@sakarya.edu.tr 13
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Eklemeli imalat teknolojisi- kongre ve sempozyumlar

—

~A2019

CONFERENCE + EXPO

Additive

INTERNATIONAL

The International Conference on Additive
Manufacturing & 3D Printing

100’lerce fuar, seminer, sempozyum,
kongre.....

Business Convention for Additive M murauurlng, 3D Prlnllng,

04.12.2019 altuncu@sakarya.edu.tr Rapid Prototyping and Product Development
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Eklemeli imalat teknolojisi-Kullanicilar-Egitim

Kendi oyuncagini tasarla, kendi hayallerini liret.....

04.12.2019 altuncu@sakarya.edu.tr 15
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Eklemeli imalat teknolojisi-Kore Ornedi

World’s Most Innovative Economies
South Korea, Germany lead the index in 2019

Innovation score

[ [
0 100
2nd 7th 3rd 1st

Germany Sweden Finland { South Korea

Ministry of Science, ICT
and Future Planning

South Korean government announces its

"~ 6th
USS37 Million investment in 3D Printing Singapore
Industry for 2017

G.Kore ¢ocuklarini gelecege hazirhyor....
04.12.2019

altuncu@sakarya.edu.tr 16
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Eklemeli imalat teknolojisi-uzay

3D PRINTING
iN S PARALCE

e
e L

NATIONAL RESEARCH COUNCIL
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Eklemeli imalat teknolojisi-uzay ve havacilik

Cok uzak degil......

04.12.2019 altuncu@sakarya.edu.tr 18
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Eklemeli imalat teknolojisi-Sektor

Hardware
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100’lerce firma, yazilimci, uygulayici ve tedarikgi ..
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Eklemeli imalat yéntemleri ne
amaclar icin kullanilabilir?

= Buyontemler
Daha 6zgun tasarimlar , fonksiyonel tasarimlar, estetik
Tasarim iyilestirme

Parca tamiri amaciyla

Dolgu ve toleransa getirme amaciyla

ok wNh e

Yuzey direnci ve fonksiyonel 6zellikler kazandirmak
amaciyla

6. Yeni malzeme/ Uriin gelistirme siireclerini hizlandirmak
amaciyla

7. Hizli prototipleme amaciyla, tersine muhendislik

8. Karmasik geometrik pargalarin Gretimi amaciyla
9. Hafifletme, topoloji optimizasyonu
10. Performansli sogutma, isitma sistemleri tasarimi igin

11. Kisisellestirilmis Grinler ortaya koymak amaciyla
kullanilabilmektedir.....

04.12.2019 altuncu@sakarya.edu.tr
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Eklemeli imalat yontemleri ne amaclar icin kullanilabilir?

Topoloji optimizasyonu

04.12.2019 altuncu@sakarya.edu.tr 21
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Eklemeli imalat yontemleri ne amaclar icin kullanilabilir?
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Sogutma-Isitma sistemleri optimizasyonu

22
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Parga Tasarimi
3 Boyutlu Tasarim Datasi Olusturma

Metal Print (Eklemeli imalat)

= Toz SLS, SLM

Powder Bed Fusion

" Tel Laser / E-Beam Deposition,

= Toz/Baglayici

Print Sonrasi islemler

= [sil islem- Mukavemet Ozellikleri icin

= Yizey islem — Ylzey Kalitesi icin

04.12.2019

Quality Assurance (QA)

altuncu@sakarya.edu.tr

Eklemeli imalat yéntemleri

DESIGN
PRE- PROCESSING
PRINTING

POST- PROCESSING

Heat Treatment

23
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Eklemeli imalat yéntemleri temel esaslar- toz yatagi

Yuksek enerjili 1sin (lazer) kaynagi ve tarayici
o  Oksit

Toz- Lazer Etkilegimi ©  Sagilma, Buharlasma
o  Birlesme problemleri

* Absorbsiyon ! Y
* Refleksiyon
* Sacilma mekanizmalari

Gas pores in

| Evaporation Pl F
% atomized powders

Oxide layer ! ’

Metal Tozlar
Ergime, Sinterlesme, Baglanma

04.12.2019 altuncu@sakarya.edu.tr 24



Toz- Lazer Etkilesimi

* Lazer ozellikleri
* Toz ozellikleri
* Toz-lazer etkilesim

04.12.2019
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Eklemeli imalat yéntemleri temel esaslar-ptliskiirtme sist.

Scanning direction

Coaxial nozzle o

Laser beam

Powder
partucies

Laser generated
meit pool

Forming Deposited Substrate / work piece
clad matenal
altuncu@sakarya.edu.tr 25
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Eklemeli imalat yéntemleri temel esaslar: plskiirtme sistemleri

Toz beslemeli sistemler

Tel beslemeli sistemler

Radyal simetrik toz beslemeli sistemler
Es eksenli toz beslemeli sistemler

04.12.2019

Lateral

injection
o nozzie
Lens
Wie Deposited \ Beam

material

a)

Shwoud

gas .
Radially
symmotnc

In)ectxon Coaxsai ! Conical
nozzles 4 nozzie Cooling

. stream ‘. system

altuncu@sakarya.edu.tr 26
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Eklemeli imalat yontemleri temel esaslar: parametreler

: Q-control —
Equipment (supplier) —piVirgin powder Type,
Q-control Q-control
Syatein Producer Q-control ==—p ﬂowabilityl flowability (internal) (supplier)
fithess A 4
Eallratlon LSS | mixing distribution Lkl
sieving
distribution

preventive
maintanance

Process
fitness?

control Used powder

Influence parameter on AM-Processes (Rapid Manufacturing)

urface refining

© 2010 irpd

Process Sacrificial ‘
parameter parts Dimension T Finish
data Part - (geometry) coating
. ientati rocess
orientation contcol Sur.face infiltration
Part |n5|:'>ectllon Density
preperation [vlgwal;

04.12.2019

Part

altuncu@sakarya.edu.tr
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Eklemeli imalat teknolojisinin avantajlari ve potansiyeli

Tasarim ozgurligu (3D data)

Tekrarlanabilirlik (proses kontrol)

Uretim hizi ve kabiliyetini artirmak (hizh prototip)

Uretim maliyetlerini azaltmak (daha az atik)

Hata riskini azaltir (sinirsiz revizyon)

Kisisellestirir ( talep, kisi, amaca uygun parca lretimi)
Stoksuz Giretim ( stok yok, depolama yok)

Takim-kalip maliyetlerini azaltir

Yiksek kalite , performans o6zellikleri kazandirir
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Eklemeli imalat siirecinde uygulamalar ve malzemeler

= Metal print sistemlerin 6nemli bir cogunlugu belirli 6zelliklere sahip belirli kompozisyonlarda

metalik toz malzemeler ile calismaktadir...

Toz boyutu

Toz boyut dagilimi
Toz temizligi

Toz morfolojisi
Toz Uretim sekli
Toz akis ozellikleri
Toz yogunlugu

04.12.2019 altuncu@sakarya.edu.tr 29
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Eklemeli imalat siirecinde uygulamalar ve malzemeler

(GAorWA) ~ Steels Alloys Alloys Alloys Alloys
(GAorWA)  (GA) (GA) (GA) (GA)
L340 ik CPTI
— 304L Pure Cu
AISI7MG Ti6h e
nQ
8620 6L
IN718 Tib242 S
terialy
4405 - CuCeZs %ﬁu
e Ti5553
NLT: AfSI10Mg
: 20MnCes || || 17-4PH Beta 21S CuNi3s

PARTICLE SIZES AND ATOMIZATION TECHNIQUES

WATER ATOMIZED

CAS ATOMIZED

https://www.epma.com/additive-manufacturing

04.12.2019 altuncu@sakarya.edu.tr 30



Yield Strength [MPa]

Matenal DIN
Aluminium | AISi10Mg 3.2381
Al AlSiTMg 3.2371
AISi12 3.3581
Cobalt ASTMF75 | 24723
Based
Alloys CoCrWe
Tool AISI 420 1.2083
e Marage 300 12709
H13 1.2344
AISI D2 1.2379
AISI A2 1.2363
AISI ST 1.2357
Mickel Inconel 718 2.4668
Eﬁi:: Inconel 625 | 24856
Inconel 713 24670
Inconel 738
Hastelloy X 2.4665
Stainless SS 304 1.4301
Steels S5316L 1.4404
SS 410 1.4006
SS 440 1.4110
15-5 PH 1.4540
17-4 PH 1.4542
Titanium Titanium
Alloys Grade 2 37035
TiGAIY 37165
TiBAMV ELI | 3.7165 ELI
TIAIGNGT
Alloys Silver 930 Sterling
Copper CC 480 K 2.1050

Alloys

£
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Eklemeli imalat siirecinde uygulamalar ve malzemeler

600

1800 -
1.2709 !
1600 12083} — @9
1400 1.2709 1
1.4540 !
2 Yo r
1200 Ti6AI4V ELI @
1000 1asa0:]- @ Ti6A4V! @ |inconel 718 B 1.2709*
O @@ ©| maieNb7
800 Ti6Al4V ! O
| CoCr 2.4723 1
600 1.4542 !
H it ©| cocr2.47231
400 AISi10Mg * 1.4404 ®
@ | Hastelloy X Inconel 625
200 Alsi12 |- ... Y
i 1
7 | AlSi7Mg AlSi10Mg
0 100 200 300 400 500
Hardness Vickers [HV]

altuncu@sakarya.edu.tr

! Different machine manufacturer

31
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Eklemeli imalat siirecinde uygulamalar ve malzemeler

DMLS Aluminum | 37.7 ksi
DMLS Cobalt Chrome | 130 ksi
DMLS Inconel 718 1 180 ksi
DMLS Titanium 1 129 ksi
i’ DMLS SS17-4 1 190 ksi
g DMLS S5 316 1 70 ksi
E Wrought Metal Die-cast AL | 435 ksi
<<  Wrought Metal F75 CoCr I 95 - 140 ksi
= Wrought Metal IN718 I 160 ksi
Wrought Metal Ti 23 I 125 ksi
Wrought Metal 17-4 Machined I 160 - 210 ksi
Wrought Metal 316 Machined | 85 ksi
0 50 100 150 200 250

KILOPOUNDS PER SQUARE INCH

04.12.2019 altuncu@sakarya.edu.tr 32
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Eklemeli imalat siirecinde uygulamalar ve malzemeler

= Dogru yontem secimi-Dogru malzeme secimi-Dogru ekipman sec¢imi

Parca sayisi ve Uretim maliyeti
Laser toz yatagi
Elektron isini toz yatagi
Toz beslemeli lazer biriktirme
Tel beslemeli lazer biriktirme
Soguk sprey

Parca boyutu, geometrisi ve karmasikhgi

Toleranslar

Yizey kalitesi

Mekanik ozellikleri, mikroyapisal 6zellikleri

04.12.2019 altuncu@sakarya.edu.tr 33
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Eklemeli imalat siirecinde uygulamalar ve malzemeler

* Dogru yontem secimi-Dogru malzeme secimi

Parca sayisi ve Uretim maliyeti

Parca boyutu, geometrisi ve karmasikhgi

Toleranslar

Yuzey kalitesi

Mekanik 6zellikleri, mikroyapisal 6zellikleri

04.12.2019 altuncu@sakarya.edu.tr 34
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Eklemeli imalat siirecinde uygulamalar ve malzemeler
* Dogru yontem secimi-Dogru malzeme secimi

Onemli noktalar

= Parca sayisi ve Uretim maliyeti

Par¢ca boyutu, geometrisi ve karmasikhgi

Toleranslar

Yuzey kalitesi

Mekanik 6zellikleri, mikroyapisal 6zellikleri

04.12.2019 altuncu@sakarya.edu.tr 35



Materials

Dimensional accuracy

Typical build size

Common layer thickness

Support

£
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Eklemeli imalat siirecinde uygulamalar ve malzemeler

Metal 3D printing (SLM / DMLS)

Metals & metal alloys (aluminium, steel, titanium
etc)

=01 mm

250 %150 = 150 mm (up to up to 500 x 280 x 360
mm)

20-50pm

Always required

36
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Eklemeli imalat siirecinde uygulamalar ve malzemeler

AlSi10Mg (3D printing alloy) A360 (Die cast alloy)

Yield Strength (0.2% strain) * XY : 230 MPa Z : 230 MPa 165 MPa

Tensile Strength * XY : 345 MPa £ 1 350 MPa 317 MPa

Modulus * XY :70 GPa Z: 60 GPa 71 GPa

Elongation at break * XY :12% 2 : 1% 3.5%

Hardness ** 119 HBW 75 HBW

— Wmussm«manmuwdmalmmamm\»......

Fatigue Strength ** 97 MPa 124 MPa

*: Heat treated: annealed at 300&28451 for 2 hours ** : Tested on as-built samples

04.12.2019 altuncu@sakarya.edu.tr 37
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Eklemeli imalat siirecinde uygulamalar ve malzemeler

04.12.2019

~ As built - Heat treated (300 'C)
Tensile strength (1) _ ‘
- in horizontal direction (XY) 460 +20 MPa 345 £10 MPa
- in vertical direction (Z) 460 +20 MPa 350 =10 MPa
Yield strength ,
- in horizontal direction (XY) 270 £10 MPa 230 =15 MPa

- 1n vertical direction (Z)
Modulus of elasticity

240 +10 MPa

230 =15 MPa

- in horizontal direction (XY) ' 75 £10 GPa 70 £10 GPa
- in vertical direction (Z) 70 £10 GPa 60 +10 GPa
Elongation at break 4 4
- in horizontal direction (XY) 9+2 % 1242 %

- in vertical direction (7)) 62 % | 11£2 %

Hardness [7]
Fatigue strength
- in vertical direction (Z)

approx.. 119 + 5 HBW

approx. 97 + 7 MPa

Before and After heat treatment

from EQOS SLS machine, for EOS Aluminum AlSi10Mg

altuncu@sakarya.edu.tr
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Eklemeli imalat stirecinde uygulamalar maliyetler

Material Equipment
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Toz ve uygulamalarda standardizasyon

Additive Manufacturing Standards Development Structure

Design guides

l Terminology = Data formats \

!

Qualification
guidance
—5 = e

' Testmethods | Testartifacts | Safety l Inspection methods

| System performance ‘\' Round robin

& reliability test protocols

!

etc.

.4.- — —

Feedstock materials
Material category-specific

Process/equipment

Metal
powders

Ceramic
powders

Material

ozt Powder bed fusion
jetting

Photopolymer
resins

Polymer
powders

Pblymer
filaments

Titanium
alloy powders

Nickel-based
alloy powders

ABS filament

Application-material-specific
Aerospace I Medical

Automotive

Directed energy

Binder jetting deposition

: shed parts
Mechanical test methods
NDE/NDT Post-processing
methods methods

Material
extrusion

Vat photopolymerization

Sheet lamination

Material
extrusion
with ABS

Powder
bed fusion
with nylon

Directed energy | = _Powder bed
deposition with fusion with steel
titanium alloy

Application-process-

Aerospace I Medical

Automotive

Bio-compatibility test methods

Chemical
test methods

Material-specific
Titanium alloy m

Nylon § ABS § Aluminum alloy

Nickel-based alloy etc.

Application-material-specific
Aerospace I Medical

Automotive

General top-level
AM standards

« General concepts
» Common requirements
* Generally applicable

Category AM standards

Specific to material
category or process
category

Specialized AM
standards

Specific to material,
process, or application

AN

ISO

v

A1y

i’

ASTW NTERNATIONAL
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Do6kim sektérinde eklemeli imalat uygulamalari ve gereksinimler

Additive Manufacturing as an Alternative to Casting ?

= Kum dokim- hizh kalip Gretimi

= Basinc¢li dokim — hizli kalip parcalarinin tretimi

= Hassas dokim —hizli model Uretimi
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Do6kim sektérinde eklemeli imalat uygulamalari ve gereksinimler

Additive Manufacturing in Die Casting ?

= Kum dokum- hizh kalip tGretimi

= Basingh dokiim — hizli kalip pargalarinin liretimi

= Hassas dokim —hizli model Uretimi
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Do6kim sektérinde eklemeli imalat uygulamalari ve gereksinimler

Additive Manufacturing in Investment Casting ?

Investment Casting - Traditional Flow Investment Casting - 3D Printing Flow
= Kum dokum- hizh kalip tGretimi - = — — — —
ar { attern o) a atiern rin
Design :> Design C> Design Design E'> Design E> Design
= Basincl dokim — hizli kalip > < 5
Investment
Wax L/ Mold Make :
parcalarinin Gretimi pattern | Trii/oebug K viold Canie
= Hassas dokiim —hizh tiretim e
© Strotnel Technalogies LLP
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Tekno-Ekonomik agidan karsilastirmali degerlendirme

Manufacturing Phases
: f Low-Volume ' Mass
Concepts : Design : Prototype
v : ¢ : P Production Production

Conventional :
" Manufacturing : Tooling & Injection Molding
o : .
(o] -
£ : Cast Urethanes
R - -
2 : :
=
go CNC Machining :
'z
2
= Direct Metal Laser Sintering
3
z ' ' ‘
© Additive : Selective Laser Sintering
= : _

Manufacturing :

Fused Deposition Modeling

Stereolithography

Material Jetting

04.12.2019 altuncu@sakarya.edu.tr 44
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Tekno-Ekonomik agidan karsilastirmali degerlendirme

COST OF AN AM PART

Pre-processing
14.4%

Post-

processing
26.4%

Printing
59.2%

Source: Wohlers Report 2019
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Tekno-Ekonomik agidan karsilastirmali degerlendirme

Single Part: Product Life Cycle

>

Demand

Time
I

Conventional Additive
Manufacturing Manufacturing

altuncu@sakarya.edu.tr

AM Becomes Profitable
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Tekno-Ekonomik agidan karsilastirmali degerlendirme

- Forming
Subtractive

- Additive

Cost per parts

Number of parts
47
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Tekno-Ekonomik agidan karsilastirmali degerlendirme

5000 -

4500 smmme High-Pressure Die-Cast Part
. 4000 == Selective Laser Sintering
£ 3500 -
oy
e
S 3000 -
ﬁ 2500 - Production
'!g 2000 - Volume
g 1566 - equals 42
o

0 I | I I I I | I I | I I I I | I I I I I
0 25 50 75 100

Production Volume
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Tekno-Ekonomik agidan karsilastirmali degerlendirme

A Complexity for Free

Traditional manufacturing

Cost of Unit

Additive manufacturing

>
Design Complexity
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Tekno-Ekonomik agidan karsilastirmali degerlendirme

MASS
CUSTOMIZATION

ON-DEMAND AND
DISTRIBUTED

w MANUFACTURING
3
>
2 |
[ / PROTOTYPING
&
0
TODAY
TIME THE TREE AGES

OF INDUSTRIAL 3D PRINTING
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Tekno-Ekonomik agidan karsilastirmali degerlendirme

Total Metal Additive Manufacturing Revenue
Opportunities by Segment, 2018 vs. 2024(e) ($USM)

$12,000.0

$10,000.0
$8,000.0
$6,000.0

$4,000.0

$2,000.0 24 . I
$_ - [ e i}

Hardware Materials Services

Source: SmarTech Analysis m2018 2024

04.12.2019 altuncu@sakarya.edu.tr 51



£

Tidoksad Akademi 2. Ulusal Dokiim Kongresi / 2 National Foundry Congress by Tudoksad Academy
Gelecekte Eklemeli imalat ve Endiistri 4

Autonomous

LA .
.........
.
----
. .
- -
-

= 3 ' Simulation
Big Data g

Augmented |A.| ﬁ System
Reality * " P AS Integration
: Industry 4.0 :

Additive Internet of
Manufacturing Things

04.12.2019
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Gelecekte Eklemeli Imalat ve Endiistri 4

——

PROTOTYPE MANUFACTURE ASSEMBLY DISTRIBUTION WAREHOUSE RETAIL

3D PRINTING
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Gelecekte imalat Siireci

Toz Uretim tesisi ve geri kazanim tesisi

Dijital fabrikalar — Eklemeli imalat

Isil islem

CNC talash imalat, ylzey islem

54
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Dijital fabrikalar — Eklemeli imalat

altuncu@sakarya.edu.tr

Cok yakinda....
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Tesekkiirler Zaman ayirdiginiz igi

Hedef Sorular ???
1. Proses, Uretim ve sistem maliyetleri
potansiyel firsatlar, avantajlar
seri imalata gecis sureci

toz malzeme tirleri, tedarik edilebilirlik, tandar,dlzasyon
data glivenligi, sistem koruma £ RS




