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T.C. Basbakanlik Kalkinma
Bakanligi Altyapi Projesi

Cagrisi (Mayis)

1. Asama Proje
Basvurusu (Temmuz)

Ulusal Eklemeli imalat
Muikemmeliyet Merkezi
Kurulumu Projesinin SSM ile
gorusulmesi (Ocak, Subat,
Mart, Nisan, Mayis, Haziran,
Temmuz, Agustos, Eylul, Ekim,
Kasim, Aralik)

Proje Basvuru
Dokiimani
Revizyonu (Eylul)

T.C. Basbakanlik Kalkinma Bakanhgi
Altyapi Proje Cagrisi 2. Asama Proje
Basvurusu (Agustos)

T.C. Bagbakanlik Kalkinma Bakanhgi
Panel Gortismeleri (Eylul)

v

*Horizon 2020 Proje
Baslangici (Mayis)
*TeknoHAB Kurulusu
(Kasim)

*1004 Proje Onayi (Aralik)
*SAYEM Basvurusu
(Aralik)

T.C. Kalkinma Bakanligl
Proje Onayi (Ocak)
TeknoHAB Kurulus islemleri
(Nisan-Aralik)

Ekipman alim islemleri
(Mayis-Aralik)
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1004 Projesi
SAYEM Projesi
Horizon Projesi
Ortak Doktora
Programi

Sanayi Projeleri
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EKTAM PROJESI =r<

Eklemeli imalat Teknolojileri Uygulama ve Arastirma Merkezinin
kurulmasi ile ilgili T. C. Kalkinma Bakanligi’na sunulan altyapi
projesinin desteklenmesi ile ilgili karar; Resmi Gazete’nin 14
Ocak 2017 tarihli mukerrer sayisinda yer alan 2017 Yatirim
Programinda yer almistir.

Proje Numarasi: 2017K121310

Proje Biitgesi : ~ 22.5 Milyon Euro

D TC. CUMHURBASKANLIGI
STRATEJI VE BUTGE BASKANLIGI

e Eklemeli imalat Teknolojileri Konusunda Ulusal

Miikemmeliyet Merkezi

 Sanayi ve Universiteler ile ortaklik yapisi (6550 Sayili Kanun) .~

 Nitelikli insan Giicii Yetistirme (Eklemeli imalat Konusunda Tekn@Hm
Tam Zamanli Doktora Programi)

e Start-up firmalarina 6ncilik

« Katma Degeri Yiiksek Teknoloji Uriinlerinin Gelistirilmesi icin
Teknopark bolgesi icerisinde yerlesim
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OSB Alani
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Uzay
Sistemleri
Entegrasyon ve
Test Merkezi

"HAB

Ankara Uzay ve Havacilik

vw hab.org. tr Ihtisas Organize Sanayi Bélges

» 210 Hektar
Sanayi Alam (1. Etap)
» 100 Hektar Yesil Alan

Tirkiye'nin
Merkezinde

400 KOBI

Tirk Uzay ve
Havacilik Kurumu
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&
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15.000'i Asan
Istihdam

» Teknopark

* Uzay ve Havacilik Mikemmeliyet Merkezi
= Inovasyon Merkezi

* ARGE Merkezleri

+ inkiibasyon Merkezi

» Hizl Prototip Uretim Merkezleri
» Hava Araci Test Merkezi
* Laboratuvarlar

Sektérel
Mesleki Egitim
Kurumlari
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CALISMA STANDARTLARIMIZ =r<X1

Additive Manufacturing Standards Structure El Standartlari Komitesi

i : Qualification System Performance§ Round Robin
General AM HA Eines & Reliability Test Protocols
Standards .
Design Guides || Test Methods [§ Test Artifacts Inspection Methods

Feedstock Materials

N - ASTM F42
eneral Top-Level

AM Standards - |SO T0261
- TSE

* General concepts
* Common requirements
* Generally applicable

Process / Equipment Finished Parts

Polymer Powders
Metal Polymer

Material powderBed Fusion| Mechanical Test Methods
Cuegory
Directed Ene Post-Processing !
IrDEepeosit?onrgv Methods Methods Standards
Material ‘Bio-Compatibility Test Methods Specific to material
Extrusion 2 category or process
Chemical Test

Vat Photopolymerization ‘ Methods : raiegony

EKTAM Akreditasyonu

Sheet Lamination

- TURKAK
- TSE

Material

‘ Titanium Alloy
Extrusion

With ABS Aluminum Alloy Specialized AM

- Powder Bed
gg;g?ﬁf;‘fﬁ: Fusion with Steel Nickel-Based Alloy Standards

st hav

Powder
Bed Fusion
with Nylon

Titanium
Alloy Powders SteelRods
Nickel-Based
Py lon Pravcie Alloy Powders
ABSFilament “

Specific to material,
process, or application

| herospace | wesial | | nerospsce | wegcal_|

~ serospace | medical _
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PERSONEL-EKIPMAN

5 Teknik Personel

Lazer Toz Yatak Beslemeli Elektron Isin Ergitme Toz
Ei Sistemi Yatak Beslemeli Ei Sistemi

Bl Post Proses Ekipmanlari

1 idari Personel

+ 3 Teknik
Personel (Mayis
2019)

Lazer Toz Yatak Beslemeli
Ei Sistemi (Mayis 2019)
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AKADEMIK KADROMUZ
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~"1 Akademik Kadrosu= Ulkemizdeki El ile ilgilenen/ilgilenecek tim akademisyenler

I
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1

7 Universitelerimizde Ei ile ilgilenen
Akademisyenler >200

Sanayimizde Ei ile ilgilenen
arastirmacilar>100



=} F E
[

CALISMA ALANLARIMIZ ~ 1~

0 - i Lazer ve Bilesenleri Hibrit/ Robotik Teknolojiler
Eklemeli Imalat (El) !
TeknOIOjileri Elektron Isin ve Bilesenleri Yenilikgi Yaklagimlar

2

El Tasarim ve
L . . . Uretim ve Uretim Sonrasi
Uret|m Qa| |$ma|ar| Matematik Modeller/Similasyonlar S el @aliines

Toz Metalurjisi Yenilikgi Malzemeler

El icin Toz Uretimi Seramikler

Tasarim Tasarim lyilestirme/Topoloji Optimizasyonu

Tam Zamanl Doktora Egitimi Ortak Danigmanli/Cift Diplopma Programi

Teknopark yenilikgi firmalarin olugturulmasi Tam Sanayi Destegi
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Uluslararasi Development Of Ceramics 3D-Printing, Additive Manufacturing (Acronym DOC-3D-CERAM)

EU, Horizon 2020, Call: H2020-MSCA-ITN-2017
Proje No: 764935

Eklemeli imalata Yoénelik Elektron Tabancasi Gelistirilmesi ve Elektron Demetiyle Metal

Tozlarinin Etkilesiminin Arastiriimasi
Proje No: 3170014

Ulusal

ATOM: Havacilik Uygulamalari icin Katmanli imalata Uygun Nikel Metal Toz Gelistirilmesi

1004 Programi: Yeni Nesil 3 Boyutlu Yazici Imalat Teknolojileri Platformu
Proje No:18AG017

SAYEM Programi: Havacilik Ve Uzay Uygulamalari icin Eklemeli Imalata Yonelik Tasarim,
Malzeme ve Uretim Teknolojilerinin Gelistirilmesi
Proje No: 4189036




ULUSLARARASI PROJEMIZ

DeCad

PRINTING

Develop and implement Ceramics 3D-P&AM systems to boost the acquisition of research
knowledge and industrial applications according to labour market expectations.

Economic growth in favor of ESRs employment

Innovation scale (TRL)

Processes \ DESlgn
" Equipment & Pr »

Value Materials
cha in Feedstocks

(B ENCE

‘x €urocoatin j@ ,

Skilled people

research
topics

Chemistry

UNIVERSITYOF L’( Université Ceramic
FEMIROHA A Polytechnique 3D-
HAUTS-DE-FRANCE p rintin g
Physic  Mechanic

S

Customers

& end users

DOC-3D-PRINTING network




ULUSLARARASI PROJEMIZ
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DOCD :
Partners 0
PRINTING MARIE CURIE
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UNIVERSITYOF -
BIRMINGHAM
member of
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HAUTS-DE-FRANCE

merseN OPTALM LITH 2

Additive Manufacturing Options

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under the Marie Skfodowska-Curie grant agreement No 764935
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Leader: Gazi University-EKTAM

ESRs involved:

ESRO5: Chloé Goutagny

Manufacturing of bioceramics complex structures by using
stereolithography, freeze-casting and rapid sintering processes

ESRO6: Mohamed Eid Saied
Investigation of pattern definition and sintering speed in 3d
ceramic printers

ESRO7: Abdeljalil Islam Bouakaz
Design research and post-process optimization of Ca-P based 3D
ceramic implants

ESRO8: Asif Ur Rehman
Effect of chamber dimension and laser parameters on the
ceramic 3d printing
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mirmors

To manufacture 3D parts through selective laser melting of ceramics
using a commercial machine

Process gas
cross jet

Laser spot size
containar

Gas pores in
atomized powders

Wiper
" Slice
X thickness
Laser beam
3 key points : soaer,

e |aser-material interaction
* Powder bed packing density
* Laser parameters and scanning strategy
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laser-material interaction

Key factor 1

Commercial machines are equipped with CO, (A ,or™ 10,6 pm) or Nd:YAG (A psez™ 1,06 pm) lasers

Laser wavelength A ,ez™ 1 um: - is a commercial reference for metal LBM
- is required for high resolution items
- more powerful than commercial machine equiped with CO,

Ceramic oxides exhibit poor absorption for A ~ 1 um

. e -~ Si,N
gﬂ ] ‘-._'--—‘-‘__ e l b !
80 - _————— WC
ol !
® 60 Zr0, (T23Y) I
_E 50 - I
2 40 - |
g 40 210, (Tz8Y) .
@ 30 /Atpa %% oL 9%

20 - g

sl = \_,._l T

& ﬂ’_'_t":-r-__ sapphire

L L] T T L || L |
200 400 800 800 1000'°7° 1200

wavelength [nm])

Adapted from D. T. Pham et al, Int. Jour. of machine & tools manufacture 47, 2077 pp 618-626

Selective LBM requires material
absorption at laser wavelength

Powder additive required !!
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Absorptivity at 1070nm  Laser-material interaction
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Q Laser beam
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G

q>; Additive in alumina
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An approach: Mixing alumina with an absorbing glass
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 Sean e Practically, what can be assessed?

Ity

-

- - -

distribution

* * * \ Powder bed

— Surface

Size

o

- 9 g 1 distribution
02 : 12

03| % @

04 @ 0 18 Optical penetration depth <z

Rheology
Thermal
properties

05 @ 12y (2 T
18 2

P OVYN G
Lo

Interaction of the laser beam with the
powder bed may occur in 4 ways :
.
* reflection
e scattering
e absorption

Packing
density

o0

Chemical
analysis

Powder bed packing dens

Probability of occurring each of these phenomena
depends on material and powder bed properties

Adapted from Zeng K, et al., A review of thermal analysis methods in Laser Sintering and selective Laser Melting. SFF Symposium 2012:796-814
Shao T. M., et al., Absorption of some powder materials to YAG laser, Sciene in china (serie A), 44, 2001:490-494

Key factor 2

Currently, a successful powder-bed AM relies on a careful optimization of the powder properties
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SLM

RENISHAW.¢
CONCEPTLASER

m' Adda ve Industries

)X: SINTERIT

o~

& Sintratec

A lot of parameters must be tuned:

Hatch space (HS)
Laser power (P,..,)

Laser spot size

=//

Laser parameters and scanning strategy

2 thickness Laser spot size (®,,,,)
N Point distance (pd)
Hatch space :: :: Hatch space EXpOSU re time (t)
- A Layer thickness (ep)
> Skin area
Volume area Scan Strategy

N o .
2 Intermediaire area

Key factor 3
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Eklemeli imalata Yonelik Elektron Tabancasi Gelistiriimesi ve Elektron Demetiyle
Metal Tozlarinin Etkilesiminin Arastiriimasi
Proje No: 3170014

Eklemeli imalat (= I) Lazer ve Bilesenleri Hibrit/ Robotik Teknolojiler
Te kﬂOleileri Elektron Isin ve Bilesenleri Yenilikgi Yaklagimlar
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ATOM: Havacilik Uygulamalari icin Katmanli imalata Uygun Nikel Metal Toz Gelistirilmesi

"2 ERMAKSANS LA,

2

Toz Metalurjisi Yenilik¢ci Malzemeler

Ei igin Toz Uretimi Seramikler
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TORKHAVACILK r Havacilik Uygulamalari icin Ozgiin Eklemeli imalat Metodolojisinin Kurgulanmasi

UZAYSANAYiIi

El Tasa”m ve Tasarim Tasarim lyilestirme/Topoloji Optimizasyonu

U ti | | _ - Uretim ve Uretim Sonrasi
retim (;a IsSmalari Matematik Modeller/Simiilasyonlar el GamTines




ULUSAL PROJELERIM

ﬁ.
n
)
|
)]

CAD Tasarimi El ile iiretilen Parca

%s
e 000

.'-— - e . &, Kimyasal
CAD Cevirici Insaa Islemleri "Bt ) Ozellikler
L) o~ .
I - e
L4 CAD Model

y

Dosya »
Dogrulama o o ® ® Fiziksel
® ® o, Ozellikler
m Py Destek yapi ve diger
A . w & ® Parcalarin temizligi
Oryantasyon .
Destek Yapilar1 fil Bl
®
%° *e
# o,0 R :
& & ° o Proses Sonrasi lyilestirme Islemleri

Parametrele

24
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Matematik Modelleme

Toz-Isin Etkilesimi

Coklu Fizik Modelleme

Matematik Modelleme

Baslangic Parametre Secimi

Temperature Contours During SLM

Time=0 s

Contour: Temperature (K)

-

LELLLEEEE R Rhaes

x10°

3.29
3.17
3.04
2.92
2.8

2.67
2.55
2.43
2.3

2.18
2.05
1.93
1.81
1.68
1.56
1.44
1.31
1.19
1.06
0.94
0.82
0.69
0.57
0.45
0.32

25
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Matematik Modelleme

A lot of parameters must be tuned:

Hatch space (HS)
Laser power (P,,.,)
Laser spot size (@)
Point distance (pd)
Exposure time (t)
Layer thickness (ep)
Scan strategy

|
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c
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Time=0 s

Volume: Phase transition between phase 1 and phase 2 (1)

26
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ULUSAL PROJELERIMIZ

Universite Paydaslari

Ar-Ge Merkezleri

1004 Programi: Yeni Nesil 3 Boyutlu Yazici imalat Teknolojileri Platformu
Proje N0:18AG017

TOBB _
EKONOMI VE TEKNOLOJi
UNIVERSITESI

ERZURUM _

@»\ . Sabanci . TEKNIK
/ Universitesi UNIVERSITESI

ERMAKSA
UZAYSANAYii ‘
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SAYEM Programi: Havacilik Ve Uzay Uygulamalari icin Eklemeli imalata Yénelik
Tasarim, Malzeme ve Uretim Teknolojilerinin Gelistirilmesi
Proje No: 4189036

..Sabanc1 .
Universitesi

Proje Paydaslari ‘E ERMAKSA

Proje Ortaklari
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Gazi Universitesi Rektorliik Binasi 1. Kat EKTAM Ofisi
Emniyet Mahallesi, Bogazici Cd No:48,
06560 Yenimahalle/Ankara

Tel: 490 312 202 38 55-77

Web: ektam.gazi.edu.tr

Mail: ektam@gazi.edu.tr
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