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22 EKIiM 2025 - CARSAMBA

Metal Eklemeli Imalat Atolyesi Metal Tozu Uretim Atolyesi

09:30 - 10:30 3» Metal Eklemeli imalat Nedir?

Metal EI teknolojisinin tanitimi
Metal Ei’nin avantajlar1 ve sinirlamalari 09:30 —10:30 P
Metal EI uygulamalarinin sanayideki yeri
10:40 — 11:30 ¥ Segici Lazer Ergitme (SLM) ile
Uretim icin Ornek Parca Tasarim

SLM teknolojisinin genel prensipleri -
Tasarimda dikkat edilmesi gereken noktalar 10:40 — 12:30 » Metal Tozu Uretim Teknikleri

Crnek_ Jparca tasarimi Su atomizasyon

11:30 - 12:30 3 SLM ile Uretim Oncesinde Simufact
Additive ile Uretim Simiilasvonu

Simufact Additive yaziliminin tanitimi

Toz Metalurjisi Uretim Yéntemleri

Toz metalurjisi ile ilgili temel kavramlar
Uygulama alanlar1

Parca elde edilme siireci

Gaz atomizasyonu
Elektrot indiiksiyon gaz atomizasyonu

. . . Plazma Atomizasyon
Gerilme, ¢arpilma gibi faktorlerin

simiilasyonla incelenmesi
Simiilasyon sonuglarinin parga tasarimina
etkisi ve optimizasyon siireci

Plazma doner elektrot atomizasyonu
12:30 -13:30 3 Ogle Yemegi
13:30 - 14:10 » VIGA Sisteminin incelenmesi

12:30 - 13:30 P (")gle Yemegi VIGA sisteminin ¢alisma prensipleri
13:30 - 14:00 3 SLM Cihaz1 Tanitim I Parametreler
SLM cihazlarinin genel ¢alisma prensipleri 14:10-16:10  Tozlarin Karakterizasyonu ve

Uretim 6ncesi SLM cihazmin hazirlanmasi Eklemeli Imalata Uygunlugu
14:10 - 16:00 J SLM ile Ornek Parca Uretimi Karakterizasyon islemleri

Katilimcilarla birlikte segilen

pargalarin SLM cihazinda iiretimi Toz ozelliklerinin bitmis parga

Makine basinda parga tiretimi tizerindeki etkileri

siirecinin adim adim izlenmesi . . . .
Siire¢ parametrelerinin iiretimdeki 16:10-16:50 2 Atélye Degerlendirmesi ve

oneminin tartisiimasi Soru-Cevap
Uretim sonrasi kalite kontrolii ve I Degerlendirme ve katilimeilar ile

Eklemeli imalata uygunluk

Olciim teknikleri konunun tartigiimasi
16:10 -16:50 P Atolye Degerlendirmesi ve
Soru-Cevap

Sertifika takdimi

Uretim siirecinin tartigilmasi
Uretilen parcalarin hatira olarak hediye
verilmesi ve sertifika takdimi

I Degerlendirme ve katilimcilar ile

15
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22 EKIiM 2025 - CARSAMBA

Polimer Eklemeli Imalat &
Terahertz Atolyesi

09:30—10:30 ) Eklemeli Imalata Giris ve
SLA Teknolojisi

Stereolithografi (SLA) yontemi nedir?
SLA’nin avantajlar1 ve sinirlamalari
Uygulama alanlart: miithendislik,
biyomedikal, optik, tasarim

10:40 — 12:30 Y SLA ile Uretim icin Parca Tasarim
SLA firetim siireci i¢in tasarim kriterleri
Destek yapilarinin 6nemi ve yerlesimi
SolidWorks ile 6rnek parga tasarimi

Dilimleme (slicer) yazilimlar1 ve
baski 6n hazirhig:

12:30-13:30 P Ogle Yemegi

13:30 - 14:10 3 SLA 3B Yazicisimin Tanmitimi
Baski ayarlarinin (katman kalmligi,

UV giicii, siire) belirlenmesi
14:10 - 16:10 ) SLA ile Ornek Par¢a Uretimi

Katilimcilar tarafindan tasarlanan

pargalarin yaziciya aktarilmasi

Regine tiirleri ve malzeme se¢iminde
dikkat edilmesi gerekenler

Uretim siirecinin izlenmesi
Reg¢ine kalintilarinin temizlenmesi
(IPA temizleme, UV kiirleme)

Son isleme teknikleri hakkinda genel bilgi

16:10 - 16:50 ) Atolye Degerlendirmesi ve
Soru-Cevap

!

Katilimcilarin sorulariin paylagmasi
Sertifika takdimi

——

16

Seramik Eklemeli imalat Atélyesi

09:30 - 10:30 3 Seramik Eklemeli imalat Nedir?

Seramik EI teknolojisinin tanitim1
Seramik Ei’nin avantajlar1 ve smirlamalari
Seramik El uygulama alanlari

10:40 - 12:30 Y Stereolithografi (SLA) ile Uretim

icin Ornek Parca Tasarimi
Seramik SLA teknolojisinin genel
prensipleri ve avantajlart

Tasarimda dikkat edilmesi gereken noktalar

Solidworks ile 6rnek parga tasarimi
12:30-13:30 Y Ogle Yemegi
13:30 - 14:10 ) Seramik SLA Cihaz1 Tanitim

I

14:10-16:10 3 Seramik SLA Cihazi ile Ornek
Parca Uretimi

Seramik SLA cihazinin ¢aligma prensibi

Uretim parametrelerinin ayarlanmasi

Katilimcilarla birlikte hazirlanan
pargalarin cihazda iiretimi

Parga iiretimi siirecinin

adim adim izlenmesi

Temizleme istasyonunda
pargalarin temizlenmesi

Yas numune iiretimi sonrasi 1s1l islem ve
sinterleme siiregleri hakkinda bilgilendirme

16:10 - 16:50 P Atdlye Degerlendirmesi ve
Soru-Cevap

!

Katilimcilarin sorularinin paylagmasi

Sertifika takdimi

'
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23 EKIM 2025 - PERSEMBE

08:30 Kayit Baslangi¢
09:00 —
09:30 Agilis Programi
Oturum Baskani: Dr. Giiher Pelin Toker
Binnur Sagbas
Tolga Mert
Ash Ginay Dental Metal Eklemeli Imalatta Siirdiiriilebilirlik Yaklasimlar
Bulutsuz
Lukasz Zrodowski
Tomasz Choma
Mertcan Baskan
Erkan Bugra DED Prosesi Sonrasinda Elektrosekillendirme ile Olusturulan
Tiireyen Katmanin Taban Malzemesinden Ayrilma Davraniginin
09:30 — Orkun Umur Incelenmesi
11:00 | Onem
Salon - 1 . Eklemeli Imalat Yontemiyle Uretilmis Ti-6Al-4V Alagiminin
Gubher Pelin Toker . . o . ..
Yiiksek Sekil Degistirme Hizi Davranigsinin SHPB Testleri ile
Umut Cahskan . .
Incelenmesi
Omer Faruk Metal Eklemeli imalat Endiistrisinde Konformal Sogutma
Yazicl Kanallar1 i¢in Parametre Optimizasyonu Caligmasi
Yahya Isik ¢ p 4 ¥
Gokhan Celik Segici Lazer Toz Yatag1 Eklemeli imalat Yontemi ile
C. Hakan Giir Uretilmis 17-4 PH Paslanmaz Celiginde Eklemeli Imalat
Caner Simsir Proses Parametrelerinin Kalint1 Gerilimlerine Etkisi
. .. Diisiik Hizlarda Sivi Metalin Par¢alanma Mekanizmasinin
Deniz Aktiirk . el . . .
Tespitine Yonelik Cift Fazli Gaz Atomizasyon Isleminin
Emre Yurtkuran ..
Sayisal Analizi
09:30 — Oturum Bagskani: Prof. Dr. Burak Bal
11:00
Salon - 2 | Ahmet Pinarbas Hava Ara'm. icin SHA (Sekil Hafizali Alagim) Tahrikli Inis
Hiiseyin Cemal Tastan Takimi Kilit Mekanizmasinin Tasarimi ve Optimizasyonu
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Samet Can Akcay
Mahmut Esad Aslan

Sami Pekdemir
Burhanettin Tuzcu

Subsonik Seyir Hizlarinda Kullanilan Fiizelerde Kanatgik
Sistemleri i¢in Aliiminyum ve Karbon Fiber Malzemelerin
Yapisal Performansi

Kapasitif Mikroiglenmis Ultrasonik Cevirge¢ (KMUC)

Fikret Yildiz Uretiminde Kullanilan LTCC Alttas
APuzer Asikgbz DLP ile Uretilen BaO Katkili AL.Os Seramiklerde Yogunluk, Faz
Biilent Aktas

Gokhan Demircan

Davranis1 ve Mekanik Dayanim Uzerine Sistematik Bir Inceleme

Burhanettin Tuzcu
Dogukan Canbulat
Sami Pekdemir

Yiiksek Irtifa Sonda Roketlerinde Kanatgik Malzemesi Secimi:
Karbonfiber ve Aliiminyum 7075 Karsilagtirmasi

Selin Ada
Mert.Korkut Cob.an Hidrojen Gevrekligi ve Giincel Yaklagimlar
Demircan Canading
Burak Bal
11:00 —
11:30 Cay ve Kahve Arast
11:30 — - . .
Tiirkiye’de Eklemeli Imalat Paneli
12:30
12:30— 13:30 | Ogle Yemegi Arasi
13:30 — - A .
14:30 Savunma Sanayisinde Ileri Alasimlar Paneli
Altin ve Giimiis Sponsor Sunumlari
14:30 — . . .
) 42(5) Altin Sponsor: Vital Metal — Gia Foreign Trade
Gilimiis Sponsor: 3D Ceram- Nova Analitik Teknolojiler
14:55 —
15:20 Cay ve Kahve Arasi
Oturum Bagskani: Prof. Dr. Munise Didem Demirbas
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15:20- fl;lsl;;lll{;i?slec:l ” FDM Teknolojisiyle Uretilen Termoplastiklerin Cekme
16:20 Y Dayanimina Baski Parametrelerinin Etkisi
Sarikaya
Salon - 1 _
Alptug Oztagkin Periyodik Kafes Yapilarda Kontrollii Anizotropi igin
Ulas Yaman Uretken Tasarim Yaklagimi
- Egimli Yiizeylere Sahip FDM-PLA Numunelerde Lazer
Mahmut Ozer Parlatma ile Yiizey Piiriizliiliigiiniin Iyilestirilmesi
Umut Caliskan
Caglar Sevim . .
M. Didem Eklemeli Imalatla Uretilmis Polimerik Gyroid Yapilarin
Demirbas Yiiksek Sekil Degistirme Hiz1 Altindaki Dinamik
Davranisi
Safa Ekrikaya
Mevliit Hakan
Oturum Baskani: Do¢. Dr. Recep M.
Gorgiiliiarslan
Baris Cetin
Ugur Tiirkyilmaz 1“7—4 PH Malzeme ve Segici Lazer Ergitme Yontemi ile
Uretilmis Mithimmat Yiikleme Dislisi ve Kilit Mesneti
Mertcan Kirag Parcgasinin Optimizasyonu ve Deneysel Dogrulanmasi
Firat Giileg
15:20- Kenan Yilmaz
16:35 R:cea M a Izotropik Ozelliklere Sahip Bir Kafes Hiicre Tasarimi ve
oep Eklemeli imalat ile Uretimi
Salon -2 | Gorgiiltiarslan
ﬁiﬁfnztl{szﬁzgrglu Aliiminanin Farkli Dinamik Gerinme Hizlarindaki
P Mekanik Davranislarmin incelenmesi
Yavuz
Ibrahim Korkut Stereolitografide Kullanilan Fotokiirlenebilir Regineler
Yusuf Kavun DLP 3B Baski Teknolojisiyle Uretilen Kolemanit Katkili
Selami Eken Fotopolimer Kompozitlerin Gama Isimni Zayiflatma
Ozelliklerinin Iyilestirilmesi
16:35 — Kiiltiirel Gezi Programi
19:00
19:00 — <.
21:00 Gala Yemegi
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24 EKIM 2025 - CUMA

09:30 — Tiirkiye’de Metal Tozu Uretim Cahsmalarimin Diinii, Bugiinii ve
10:15 Yarm Paneli
Altin ve Giimiis Sponsor Sunumlari
10:15 —
10-40 Altin Sponsor: Infotron
Glimiis Sponsor: Aselsan
10:40 —
Kahve A
11:10 Cay ve Kahve Arast
Oturum Baskani: Dog¢. Dr. Binnur Sagbas
Beytullah Aydogan Metal Coklu Malzeme Eklemeli Imalatta Zorluklar ve
Firsatlar
Arda Siiren
11:10 - Jonas Galle Ergiyik Metal Biriktirme Yontemiyle Uretilen Al4043
Muhammed Taha . oL < i .
11:55 Yildiz Alasim Parcgalarin Uretim Kalitesinin Degerlendirilmesi
Salon -1 | Nazim Babacan
Hiiseyin Can Aksa
Kutay Cava BT Tabanli Tasarim Ve Metal Katmanli Imalat
Altug Usun Kullanilarak Sag Mandib}lla Rekonstriiksiyonu i¢in
) Kisisellestirilmis Gonial Implant
Hiiseyin Ipek
Mustafa Aslan
Oturum Baskani: Do¢. Dr. Kholoud Elmabruk
Abdulkadir (?rak Latis Yapilarin ve Kiirlenme Siirelerinin Dental
Furkan Naziker . C s .
. Reginelerde Cekme Dayanimina Etkisinin Incelenmesi
11:10 - Ali Kalyon
11:55 Hikmet Ayberk FDM ile Uretilmis ABS Parcalarin Post-Proses Islemler
Giingor Sonrasi Yiizey Piiriizliiliigiiniin Makine Ogrenmesine
Salon - 2 . . -
Binnur Sagbas Dayali1 Tahmini
Yuf uf Torun . Terahertz Uygulamalar i¢in Yiiksek Performansh 3B
Kagan Murat Piirlii . . . .
. Baskili Bogluklu Cekirdekli Antirezonans Negatif
Sekip Dalgag Egrilikli Dalga Kilavuz
Kholoud Elmabruk £ & uzd
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12:10 — - ..
1330 Ogle Yemegi Arasi
13:30 - Ileri Seramik Teknolojilerinde Giincel Arastirmalar ve Uygulama
14:30 Alanlar1 Paneli
Oturum Baskani: Dr. Elif Kabakei
Ehf,,lslk 3 SLA Esasli Eklemeli Imalat Yéntemiyle Uretilen ZrO
Betiil Kafkaslioglu N . .. ..
Yildiz Ileri Seramik Balpetegi Yapilarin Egilme Dayanimlarinin
14:30 - Ali Suat Yild Incelenmesi
15:15 i Suat Yildiz
Salon - 1 Enerji Uygulamalari igin Seramik Malzemelerin SLA
Elif Kabakel Tabanli U¢ Boyutlu Yazici Teknolojisi ile Uretimi:
Giincel Durum ve Gelecege Bakis
Yusuf Ozdemir Terahertz Tahribatsiz Muayene Yonteminin Eklemeli
Emre Yurtkuran Imalat ile Uretilen Parcalarda Kullanim Potansiyeli
Kholoud Elmabruk ¢ y
Oturum Baskani: Do¢. Dr. Mustafa Aslan
. < Ergiyik Yigma Modelleme Yo6ntemiyle Dogrudan 4B
i&iizglalslzilamoglu Baskisi Yapilmig PLA'nin Termal Olarak Tetiklenen
14:30 — Sekil Hafiza Davranisinin Deneysel Karakterizasyonu
15:15 Ahmet Berkay
Salon -2 Giinyakti Dental Uygulamalarda Yer Alan Titanyum Mesh
Mine Uslu Uysal Yapilarinin Sonlu Elemanlar Analizi ile incelenmesi
Giiher Pelin Toker

Nihan Sengokmen
Ozsoz

Hiyerarsik Gozenekli Polimerlerin Eklemeli Imalat ile
Uretimi
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DENTAL UYGULAMALARDA YER ALAN TiTANYUM MESH YAPILARININ
SONLU ELEMANLAR ANALIZi iLE INCELENMESI

Ahmet Berkay GUNYAKTI

Yildiz Teknik Universitesi, Makine Miihendisligi Béliimii, Istanbul, Tiirkiye,
berkay.gunvakti@std.yildiz.edu.tr

Mine USLU UYSAL

Yildiz Teknik Universitesi, Makine Miihendisligi Boliimii, Istanbul, Tiirkiye, mineuslu@yildiz.edu.tr

Giiher Pelin TOKER

Sivas Bilim ve Teknoloji Universitesi, Makine Miihendisligi Béliimii, Sivas, Tiirkiye, guhertoker@sivas.edu.tr

Ozet

Bu sunulan ¢alismada, dental uygulamalarda kullanilan, eklemeli imalat ile iiretilen, Ti-6Al-4V
titanyum mesh yapilarin biyomekanik performansi kapsamli bir sekilde incelenmistir. Titanyum
alasimli implant ile canli kemik arasindaki arayiiz bolgesi uyumu kritik 6neme sahiptir. Ti6AI4V
alastmi, biyouyumlulugu, korozyon direnci ve yiiksek mekanik dayanimi sayesinde dental
implantolojide yaygin olarak tercih edilmektedir. Sunulan ¢alismada, titanyum mesh modelleri literatiir
verileri temel alinarak olusturulmus ve gercekei cerrahi senaryolarla uyumlu olacak sekilde
tasarlanmistir. Uretimden 6nce, implant kemik arayiiziinde olusan gerilme dagilimlarinin daha gergekgi
bicimde dngoriilmesi i¢in sonlu elemanlar yontemi kullanilmistir. Ara yiizeylerin kati cisim mekanigi

temelli modellenmesi yapilmistir.

Ti-6Al-4V titanyum mesh yapisi, ii¢ degisken plak kalinligi (0.2, 0.3 ve 0.4 mm) ve dairesel yapi
geometrisi boslugu dikkate alinarak modellenmistir. Kortikal ve trabekiiler kemik dokular1 ile Ti6Al4V
alasimi homojen ve izotropik malzemeler olarak kabul edilmistir. Sonlu eleman analizlerinde yer alan
sinir kosullarinda , kemik dokusunun anatomik 6zellikleri dikkate alinmistir. Ti-mesh ile greft arasinda
siirtiinmeli kontak baglantilar1 tanimlanmistir (u = 0.2). Bunun disinda kalan tiim sistem bilesenleri
birbirine tam korelasyonlu sekilde baglanmistir. Bu kat1 cisim mekanigi temelli yaklagim, implant kemik
araylziinde olusan gerilme dagilimlarinin daha gergekei bi¢imde incelenmesini saglamistir. Elde edilen
sonlu elemanlar analiz sonuglari, Ti6Al4V mesh yapilarin biyolojik dokularla etkin entegrasyon
sagladigini ve kemik rejenerasyonunu destekledigini gostermektedir. Plak kalinliginin ve dairesel yap1
geometrisinin biyomekanik performansa etkileri, modellerdeki gerilme dagilimlari dikkate alinarak
detayli olarak karsilagtirilmistir. Tiim modellerde, Von Mises gerilmeleri alagimin akma dayaniminin
altinda kalarak giivenli smurlar i¢inde bulunmustur. Sonug olarak, Ti6Al4V titanyum mesh yapilarin
farkli kalmlik ve farkli yap1 geometrisi bosluklarinin hem mekanik hem biyolojik acidan giivenilir
oldugu, kisiye 6zel implant tasarimlarinda uzun dénem kullanim i¢in yiiksek potansiyel tasidigini ortaya
koymaktadir.

Anahtar Kelime: Titanyum mesh, eklemeli imalat, sonlu elemanlar analizi
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FINITE ELEMENT ANALYSIS OF TITANIUM MESH STRUCTURES USED IN
DENTAL APPLICATIONS

Ahmet Berkay GUNYAKTI

Yildiz Technical University, Department of Mechanical Engineering, Istanbul, Turkiye,
berkay.gunyakti@std.yildiz.edu.tr

Mine USLU UYSAL

Yildiz Technical University, Department of Mechanical Engineering, Istanbul, Turkiye,mineuslu@yildiz.edu.tr

Guher Pelin TOKER

Sivas University of Science and Technology, Department of Mechanical Engineering, Sivas, Turkiye,
guhertoker@sivas.edu.tr

Abstract

In the present study, the biomechanical performance of Ti-6Al-4V titanium mesh structures,
manufactured by additive manufacturing and commonly used in dental applications, has been
comprehensively investigated. The compatibility of the interface region between the titanium alloy
implant and the living bone is of critical importance. Due to its biocompatibility, corrosion resistance,
and high mechanical strength, the Ti-6Al-4V alloy is widely preferred in dental implantology. In this
study, titanium mesh models were developed based on data from the literature and designed to be
consistent with realistic surgical scenarios. Prior to fabrication, the finite element method was employed
to predict the stress distributions occurring at the implant bone interface in a more realistic manner. The

interfaces were modeled on the basis of solid mechanics principles.

The Ti-6Al-4V titanium mesh structure was modeled by considering three variable plate thicknesses
(0.2, 0.3, and 0.4 mm) and a circular structural pattern with defined voids. Cortical and trabecular bone
tissues, as well as the Ti-6AI1-4V alloy, were assumed to be homogeneous and isotropic materials. In the
finite element analyses, boundary conditions were defined by taking into account the anatomical
characteristics of the bone tissue. Frictional contact interactions were introduced between the Ti-mesh
and the graft (u = 0.2), while all other system components were connected with full correlations. This
solid mechanics-based approach enabled a more realistic assessment of the stress distributions at the
implant-bone interface. The results of the finite element analyses demonstrated that Ti-6Al-4V mesh
structures provide effective integration with biological tissues and support bone regeneration. The
effects of plate thickness and circular structural pattern on biomechanical performance were compared
in detail by evaluating the stress distributions within the models. In all cases, the Von Mises stresses
remained below the yield strength of the alloy, indicating safe mechanical performance.

In conclusion, the study reveals that Ti-6Al-4V titanium mesh structures with varying thicknesses and
structural patterns are mechanically and biologically reliable, carrying high potential for long-term
application in custom implant designs.

Keywords: Titanium mesh, additive manufacturing, finite element analysis
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DUSUK TERMAL GENLESMELI ALASIMLARIN MEKANIK OZELLIKLERININ
HIZLI KATILASTIRMA YONTEMI iLE GELISTIRILMESI

Mehmet KUL

Sivas Bilim ve Teknoloji Universitesi, Metaliirji ve Malzeme Miihendisligi Boliimii, Sivas, Tiirkiye,
mkul@sivas.edu.tr

Bekir AKGUL

Sivas Bilim ve Teknoloji Universitesi, Ugak Miihendisligi Béliimii, Sivas, Tiirkiye, bekirakgul@sivas.edu.tr

Ozet

Havacilik, savunma ve uzay endiistrileri agisindan kritik bir malzeme olan, %36 nikel igeren demir esash
invar 36 alasimi, son derece diisiik termal genlesme katsayisi sayesinde vazgecilmezdir. lvmedlcerler,
kompozit kaliplari, cam-metal contalamalari, hermetik paketlemeler ve opto-mekanik bilesenler gibi
alanlarin yani sira TV maskesi gibi yiiksek hassasiyetli elektronik uygulamalarda da yaygin olarak
kullanilmaktadir. Ancak, ostenitik kristal yapisi alasima belirgin bir siineklik kazandirmakta, bu da
gorece diisiik mekanik dayanimla sonuglanarak kullanim alanlarini siirlandirmaktadir. Ayrica, zor
islenebilirligi iiretim maliyetlerini yiikseltmektedir. invar 36’nin mekanik 6zelliklerini iyilestirmek
amaciyla ¢okelme sertlesmesi (alasim elementi ilavesi), tane inceltme ve asir1 plastik deformasyon
yontemleri denenmistir. Literatiirde rapor edilen bu yaklasimlar, sertlik ve gekme mukavemetini artirsa
da alagimin benzersiz manyeto-biiziilme 6zelligini bozarak termal genlesme katsayisinda belirgin artisa
yol agmaktadir. Ozellikle asir1 plastik deformasyon, mukavemeti artirirken yiiksek kalinti gerilme ve
dislokasyon yogunluguna neden olarak sicaklik yiikselmeleri sirasinda ani ve dngoriillemeyen genlesme
davranislari ortaya ¢ikarmaktadir. Bu ¢alismada, hizli katilagtirma tekniklerinden eriyik egirme yontemi
kullanilarak invar 36 alasimu, literatiirde ilk kez serit formunda ve yaklasik 10° °C s™' mertebesinde
soguma hizlariyla iiretilmistir. Elde edilen seritlerde sertlik, geleneksel dokiim yontemleriyle tiretilen
numunelere kiyasla iki kattan fazla artmig, 180 HV’den ~400 HV seviyesine ulagmistir. Kalinliklar1 20—
120 um, uzunluklar1 ortalama 200 mm olan bu seritlerde, bakir diske temas eden ylizeylerde taneler
nanoskopik boyutlara kadar incelmis; hava ile temas eden bolgelerin ortalama tane boyutu ise ~2 um
olarak belirlenmistir. Boylece, mekanik 6zellikler onemli 6l¢iide artirilirken diisiik termal genlesme

karakterinin korunmasina yonelik umut vaat eden bir siire¢ gelistirilmistir.

Anahtar Kelime: Invar 36, termal genlesme, hizli katilastirma, eriyik egirme.
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IMPROVEMENT OF MECHANICAL PROPERTIES OF LOW THERMAL
EXPANSION ALLOYS BY RAPID SOLIDIFICATION

Mehmet KUL
Sivas University of Science and Technology, Department of Mechanical Engineering, Sivas, Turkiye,

mkul@sivas.edu.tr

Bekir AKGUL
Sivas University of Science and Technology, Department of Aeronautical Engineering, Sivas, Turkiye

bekirakgul@sivas.edu.tr

Abstract

Invar 36, an iron-nickel alloy with an extremely low thermal expansion coefficient, is a critical material
for the aviation, defense, and space industries. Its applications are extensive, including but not limited
to accelerometers, composite molds, glass-metal seals, hermetic packaging, opto-mechanical
components, and high-precision electronic applications such as TV masks. However, the alloy's
austenitic crystal structure affords it significant ductility, resulting in comparatively low mechanical
strength and thus limiting its applications. Moreover, the enhanced difficulty of its machinability has
been demonstrated to result in elevated production costs. In an effort to enhance the mechanical
properties of Invar 36, various methods have been employed, including precipitation hardening (the
addition of alloying elements), grain refinement, and severe plastic deformation. While these approaches
have been demonstrated to enhance hardness and tensile strength, they concomitantly impair the alloy's
distinctive magnetostriction property, thereby markedly increasing the thermal expansion coefficient. It
has been demonstrated that severe plastic deformation increases strength; however, it concomitantly
leads to the accumulation of high residual stress and dislocation density. This phenomenon results in
sudden and unpredictable expansion behavior during periods of temperature increase. In this study, Invar
36 was produced in ribbon form for the first time using the melt spinning method, a rapid solidification
technique, with cooling rates of approximately 10° °C/s. The hardness of the obtained strips increased
by more than twofold compared to samples produced using traditional casting methods, reaching levels
ranging from 180 to approximately 400 HV. The thickness of these strips ranges from 20 to 120 um,
with an average length of 200 mm. The grains on the surfaces that were in contact with the copper disk
were refined to nanoscopic sizes. The mean grain size in regions that were in contact with air was
determined to be approximately 2 um. Consequently, a promising process has been developed that
significantly improves mechanical properties while maintaining the characteristic of low thermal

expansion.

Keywords: Invar 36, thermal expansion, rapid solidification, melt spinning.
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GAZ ATOMIZASYONU iLE DEMIR VE DEMIR DISI METAL TOZLARININ
URETIiMIi VE KARAKTERIZASYONU

Onur MURATAL

Kocaeli Universitesi, Metalurji ve Malzeme Miihendisligi Boliimii, Kocaeli, Tiirkiye,
onurmurata@gmail.com.tr

Ridvan YAMANOGLU

Kocaeli Universitesi, Metalurji ve Malzeme Miihendisligi Boliimii, Kocaeli, Tiirkiye,
ryamanoglu@kocaeli.edu.tr

Ozet

Atomizasyon, ergimis metalin yiliksek basing altinda bir noziilden gecirilerek damlaciklara
doniistiiriilmesi olarak basitce tanimlanabilir. Bu iiretim yaklasiminin temel prensibi, serbest diisen
ergiyik demetinin ylizey gerilimi etkisiyle damlaciklara ayrilmasidir. Atomizasyon teknigi hem kiiresel
hem de diizensiz yapiya sahip metal tozlarinin tiretiminde kullanilabilmektedir. Ergiyik metalin yiliksek
basinglh azot, argon veya hava gazlar ile ince damlaciklara kolaylikla parcalanabilmesi nedeniyle gaz
atomizasyonu, demir esasli metal tozlar1 ve demir dis1 metal tozlarimin {iretiminde yaygin olarak
kullanilan yontem haline gelmistir. Gaz atomizasyonu yontemi ile kiiresel sekilli ve yiiksek saflikta
tozlarn iiretimi miimkiindiir. Uretilen tozlarin fonksiyonel dzellikleri, otomotiv, havacilik, savunma,
elektronik, biyosensorler, enerji ve gii¢ sistemleri ile akilli ambalaj gibi birgok sektdrde genis kullanim
alan1 bulmaktadir. Kullanilacak tozlarin 6zellikleri nihai par¢anin performansi dogrudan etkilemektedir.
Gaz atomizasyon isleminde kullanilan parametreler lizerinden tozlarin sekli, boyutu ve saflig1 gibi
Ozellikleri belirlenir. Bu parametrelerin basinda nozul tipi, ergiyik akis tiipili, aspirasyon basinci,
atomizasyon gaz basinci, ergiyik sicakligi ve atomizasyon atmosferi gelmektedir. Bu ¢calismada cesitli
demir esasli ve demir digi metal tozlarinin dretimi gergeklestirilmis ve farkli atomizasyon
parametrelerinin toz 6zellikleri {izerindeki etkileri incelenmistir. Elde edilen tozlarin yiizey ve sekil

karakterizasyonlari taramali elektron mikroskobu ile ger¢eklestirilmistir

Anahtar Kelime: Toz metalurjisi, gaz atomizasyonu, demir esasli tozlar, demir dis1 tozlar, partikiil

karakterizasyonu.
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PRODUCTION AND CHARACTERIZATION OF FERROUS AND NON-FERROUS
METAL POWDERS BY GAS ATOMIZATION

Onur MURATAL
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onurmuratal@gmail.com.tr

Ridvan YAMANOGLU

Kocaeli University, Department of Metallurgical and Materials Engineering, Kocaeli, Turkiye,
ryamoglu@kocaeli.edu.tr

Abstract

Atomization can be simply defined as the conversion of molten metal into droplets by being forced
through a nozzle under high pressure. The fundamental principle of this production approach is the
disintegration of the free-falling molten stream into droplets under the effect of surface tension. The
atomization technique can be used for the production of metal powders with both spherical and irregular
morphologies. Due to the ease with which molten metal can be fragmented into fine droplets by high-
pressure nitrogen, argon, or air gases, gas atomization has become a widely used method in the
production of both ferrous and non-ferrous metal powders. By means of the gas atomization method, it
is possible to produce powders with spherical morphology and high purity. The functional properties of
the produced powders provide a wide range of applications in many sectors such as automotive,
aerospace, defense, electronics, biosensors, energy and power systems, and smart packaging. The
properties of the powders to be used directly affect the performance of the final part. Properties such as
shape, size, purity of the powders are determined by the parameters used in the gas atomization process.
The most important of these parameters are nozzle type, melt delivery tube, aspiration pressure,
atomization gas pressure, melt temperature, and atomization atmosphere. In this study, the production
of various ferrous and non-ferrous metal powders was carried out, and the effects of different
atomization parameters on powder properties were investigated. The surface and morphological
characterizations of the obtained powders were performed by scanning electron microscopy (SEM).

Keywords: Powder metallurgy, gas atomization, ferrous powders, non-ferrous powders, particle
characterization.
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Ozet

CoCrMo (Kobalt-Krom-Molibden) alagimlari, yiiksek aginma direnci, biyouyumluluk ve korozyon
dayanimi gibi {stiin 6zellikleri nedeniyle 6zellikle ortopedik ve dis hekimligi implantlarinda yaygin
olarak kullanilmaktadir. Son yillarda, karmasik geometrilerin iretilebilmesi, yiiksek boyutsal
hassasiyetin saglanabilmesi ve malzeme israfinin minimize edilebilmesi gibi avantajlar1 sayesinde
eklemeli imalat (Additive Manufacturing, AM) yontemleri, bu alasimin iiretiminde 6nemli bir alternatif
haline gelmistir. Bu calismada, secici lazer ergitme (Selective Laser Melting, SLM) yontemi ile {iretilen
CoCrMo implant numunelerinde {iretim parametrelerinin yiizey piirtizliiliigii tizerindeki etkisi deneysel
olarak arastirilmis ve optimizasyonu gerceklestirilmistir. Calismada, {i¢ farkli lazer giicii (P, 135—-155—
175 W), ii¢ farkli tarama hiz1 (V, 450-550—650 mm/sn) ve li¢ farkli tarama mesafesi (h, 0,025-0,045—
0,065 mm) degiskenleri esas alinarak Taguchi L9 deney tasarimi uygulanmistir. Elde edilen veriler,
varyans analizi (ANOVA) ile degerlendirilmis ve her parametrenin yiizey kalitesi iizerindeki istatistiksel
etkisi belirlenmistir. Deneysel sonuglar, lazer giicliniin artirilmasinin yiizey piiriizliilligii degerlerini
azalttigin1 gostermistir. Buna karsin, tarama mesafesi ve tarama hizinin artirilmasi ylizey piirtizliliglini
olumsuz etkileyerek artmasina neden olmustur. Deneysel bulgulara gore, en diisiik ylizey piirtizliligi
0,025 mm tarama mesafesi, 155 W lazer giicii ve 550 mm/sn tarama hiz1 kosullarinda 7,662 pm olarak
Olciilmiistiir. Ancak yapilan istatistiksel analizler sonucunda, en diisiik yiizey piiriizliligiinii veren S/N
orani 0,025 mm tarama mesafesi, 175 W lazer giicli ve 450 mm/sn tarama hiz1 olarak belirlenmistir. Bu
parametre kombinasyonu Taguchi L9 dizininde yer almadigindan, belirlenen optimum kosullarda
dogrulama deneyleri yapilmigtir. Dogrulama deneyleri sonucunda, en diisiik yiizey piriizliligi 4,394
um olarak elde edilmistir. Yapilan varyans analizi (ANOVA) sonucunda, yiizey piiriizliiliigii izerine en
yiiksek etki %46,39 ile tarama mesafesi olurken, bunu sirasiyla %18,21 ile tarama hiz1 ve %14,56 ile
lazer giicli izlemistir. Elde edilen sonuglar, hem biyomedikal uygulamalarda daha uzun Omiirlii ve
giivenilir implant tasarimlarina katki saglamakta hem de SLM siirecinin endiistriyel 6l¢ekte daha verimli
kullanilmasina olanak tanimaktadir.

Anahtar Kelime: CoCrMo alasimlari, Segici Lazer Eritme (SLM), Yiizey Piiriizliiliigii, Istatistiksel
Analiz.
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Abstract

Cobalt-Chromium-Molybdenum (CoCrMo) alloys are widely used in orthopedic and dental implants
due to their superior wear resistance, biocompatibility, and corrosion resistance. In recent years, additive
manufacturing (AM) techniques have become a significant alternative for producing these alloys, owing
to their ability to fabricate complex geometries, achieve high dimensional accuracy, and minimize
material waste. In this study, the effects of Selective Laser Melting (SLM) process parameters on the
surface roughness of CoCrMo implant specimens were experimentally investigated, and their
optimization was carried out. Three different laser powers (P: 135-155-175 W), three scanning speeds
(V: 450-550-650 mm/s), and three hatch spacings (h: 0.025-0.045-0.065 mm) were examined based
on the Taguchi L9 orthogonal array design. The experimental data were analyzed using Analysis of
Variance (ANOVA) to determine the statistical significance and contribution of each parameter to
surface quality. The results revealed that increasing laser power reduced surface roughness values,
whereas increasing hatch spacing and scanning speed adversely affected surface quality, leading to
higher roughness. The lowest surface roughness measured in the experiments was 7.662 um under 0.025
mm hatch spacing, 155 W laser power, and 550 mm/s scanning speed. However, the statistical analysis
indicated that the optimal signal-to-noise (S/N) ratio occurred at 0.025 mm hatch spacing, 175 W laser
power, and 450 mm/s scanning speed. Since this parameter combination was not included in the original
Taguchi L9 array, confirmation experiments were performed under these conditions. As a result of
verification experiments, the lowest surface roughness was obtained as 4.394 um. ANOVA results
showed that hatch spacing had the highest influence on surface roughness (46.39%), followed by
scanning speed (18.21%) and laser power (14.56%). The findings contribute to the development of
longer-lasting and more reliable implant designs in biomedical applications, while enabling more
efficient industrial-scale use of the SLM process.

Keywords: CoCrMo alloys, Selective Laser Melting (SLM), Surface Roughness, Statistical Analysis.
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Ozet

Bu ¢alismada, BaO katkili Al:Os esasli biyoseramiklerin DLP (Digital Light Processing) tipi 3D yazic1
ile tiretimi gerceklestirilmis ve fiziksel, yapisal ve mekanik Ozellikleri sistematik olarak
degerlendirilmistir. Aragtirmada, katki oranlar1 %1, %3, %5 ve %10 olarak belirlenmis; bulamag
optimizasyonu ve performans arasindaki iligkiler ortaya konmustur. Optimizasyonlar sonucunda %70
kat1 igerikli seramik bulamaci hazirlanmigtir. Hazirlanan bulamaglar ile numuneler DLP tipi yazicida
yiiksek hassasiyetle liretilmistir. Baglayici uzaklagtirma iglemi DTA-TGA analizleri temel alinarak azot
atmosferinde gergeklestirilmis, ardindan numuneler 1600 °C’de 5 saat boyunca sinterlenmistir.

Yogunluk analizleri, %3 BaO katkisinin en yiiksek hacimsel (3.819 g/cm?) ve bagil yogunluk (%94.95)
sagladigini, biizilme analizleri ise aym1 grupta %57,9 gibi yiiksek bir hacimsel biiziilme orani elde
edildigini gostermistir. XRD analizleri, a-Al2Os’a ek olarak BaAl2O4, BaAli2O1s ve BasAl.O7 fazlarinin
olustugunu ortaya koymustur. SEM mikroyapi goriintiileri, AB3 numunesinin homojen, yogun ve
gbzeneksiz bir yapi sergiledigini; ortalama tane boyutunun 2.317 um oldugunu gostermistir. SEM-EDX
ve renkli haritalama analizleri, %3 katkida Ba elementinin esit dagildigini, %10 katkida ise faz ayrigmasi
ve segregasyon egilimi gosterdigi ortaya koyulmustur.

Mekanik 6zellikler agisindan, %3 BaO katkili 6rnegin performans acisindan en optimum katki oram
oldugu goriilmiistir. AB3 oOrneginde Vickers sertlik degeri 16.790 GPa, kirilma toklugu
6.415 MPa-m'’2, egilme dayanimi 315.86 MPa ve basma dayanimi 1192.31 MPa olarak 6l¢iilmiistiir. Bu
artiglar, katki ile birlikte mikroyap1 homojenliginin ve sinterleme veriminin artmasia baglanmistir.
Ancak, %5 ve o6zellikle %10 katkili numunelerde, ikincil faz birikimi ve gdzeneklilige bagl olarak
mekanik degerlerde belirgin diigiisler gozlemlenmistir.

Sonug olarak, %3 BaO katkisi, Al-Os seramiklerde en yiiksek yogunluk, en homojen mikroyap1 ve en
iistiin mekanik 6zellikleri saglamistir. Bu katki oraninda elde edilen kontrollii faz olusumu ve disiik
porozite, kirilma toklugu ve mukavemet lizerinde olumlu etkiler yaratmistir. Calisma, katki miktarinin
dikkatli optimizasyonuyla DLP tabanli seramik liretiminde performansin belirleyici bigimde
yoOnlendirilebilecegini gostermektedir.

Anahtar Kelime: BaO, Al:Os esasli seramikler, DLP 3D baski1, mikroyapi, mekanik 6zellikler
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Abstract

This In this study, BaO-doped Al.Os-based bioceramics were fabricated using a Digital Light Processing
(DLP) 3D printer, and their physical, structural, and mechanical properties were systematically
evaluated. BaO was added at concentrations of 1%, 3%, 5%, and 10% by weight, and the relationship
between slurry optimization and material performance was examined. As a result of the optimization, a
ceramic slurry with 70 wt% solid content was successfully prepared. The slurries were used to fabricate
high-precision samples via a DLP-type printer. Binder removal was performed under a nitrogen
atmosphere based on DTA-TGA analysis, followed by sintering at 1600 °C for 5 hours.

Density measurements showed that the 3% BaO-doped sample (AB3) achieved the highest bulk density
(3.819 g/cm?) and relative density (94.95%). Shrinkage analysis indicated that this sample also exhibited
the highest volumetric shrinkage at 57.9%. XRD analysis revealed the presence of secondary phases
including BaAl:O4, BaAli2019, and BasAl20O- in addition to a-Al-Os. SEM micrographs showed that the
AB3 sample had a homogeneous, dense, and pore-free microstructure with an average grain size of
2.317 pm. SEM-EDX and elemental mapping confirmed uniform Ba distribution at 3% doping, while
10% BaO led to phase segregation and Ba accumulation at grain boundaries.

In terms of mechanical performance, the 3% BaO-doped sample exhibited optimal behavior. The
Vickers hardness was measured as 16.790 GPa, fracture toughness as 6.415 MPa-m'’?, flexural strength
as 315.86 MPa, and compressive strength as 1192.31 MPa. These enhancements were attributed to
improved microstructural homogeneity and sintering efficiency due to the dopant. However, in samples
with 5% and especially 10% BaO, secondary phase accumulation and increased porosity led to

significant decreases in mechanical properties.

In conclusion, the 3% BaO doping provided the highest density, most homogeneous microstructure, and
best mechanical performance in Al2Os ceramics. Controlled phase formation and reduced porosity at
this level had a direct positive impact on fracture toughness and strength. This study demonstrates that
precise dopant optimization can effectively tune the performance of DLP-printed ceramic components.

Keywords: BaO, Al.Os based ceramics, DLP 3D printing, microstructure, mechanical properties,
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Ozet

Gozenekli polimer malzemeler; hafiflik, yiiksek ylizey alani ve ayarlanabilir mekanik 6zellikler gibi
avantajlar1 sayesinde filtrasyon, kataliz, doku miihendisligi, enerji sonliimleme ve yapisal dolgu
uygulamalarinda genis bir kullanim potansiyeline sahiptir. Bu baglamda, polimerize yiiksek i¢ fazli
emiilsiyonlar (polyHIPE), birbirine bagl agik hiicreli yapilariyla dikkat geken ve %74’{in tizerinde i¢
faz icerigine sahip HIPE’larin (yliksek i¢ fazli emiilsiyonlar) polimerizasyonu ile elde edilen 6zel bir
gozenekli polimer alt sinifin1 temsil etmektedir. PolyHIPE yapilar ayn1 zamanda gozenekli metal,
seramik, karbon ve kompozitlerin iiretiminde sablon olarak da kullanilabilmektedir.

Bu c¢aligmada, emiilsiyon sablonlama teknigi ile eklemeli imalatin bir araya getirildigi yenilik¢i bir
tiretim yontemi sunulmaktadir. Kullanilan fotopolimer regine sistemi, 2-etilheksil akrilat (EHA) ve
izobornil akrilat (IBOA) bazli olup Hypermer B246 yiizey aktif maddesi ile stabilize edilmis bir su-
icinde-yag (W/O) tipi HIPE formundadir. Bu HIPE sistemleri, DLP (Digital Light Processing)
yontemiyle {i¢ boyutlu olarak basilarak karmasik geometrili ve hiyerarsik gozenekli kafes yapilar
iiretilmistir. Regine formiilasyonlar1 1sikla kiirlenebilirlik, baski ¢oziiniirliigli ve yapisal stabiliteyi
optimize edecek sekilde tasarlanmustir. Ozellikle 151k sagilmasini azaltmak ve baski ¢oziiniirliigiinii
artirmak amaciyla beta-karoten ve tartrazin iceren bir 151k emici sistem kullanilmistir.

Ayrica sistematik monomer varyasyonu ile farkli recine bilesimlerinin baski performansi ve mekanik
Ozellikler tizerindeki etkileri detayli sekilde degerlendirilmistir. Sadece elastik modil degil, ayni
zamanda enerji absorpsiyon kapasitesi gibi fonksiyonel performans gostergeleri de analiz edilmistir.
Elde edilen sonuglar, diisiik yogunluklu (< 0.25 g/cm?®) ve ayarlanabilir enerji soniimleme 6zelliklerine
sahip polyHIPE yapilarin, uygulamaya 6zel i¢ dolgu malzemeleri olarak 6zellestirilebilecegini ortaya
koymaktadir.

Bu calisma, fotopolimer recine miihendisligine dayali olarak eklemeli imalatla {iretilebilen goézenekli
polimer sistemlerinin tasarimini ve iglevsel performansini kapsamli bir sekilde ortaya koymakta; hafif,

cok iglevli ve enerji soniimleyici malzeme uygulamalari i¢in yeni bir {iretim yaklasimi sunmaktadir.

Anahtar Kelime: Eklemeli imalat, G6zenekli polimer, polyHIPE, Emiilsiyon sablonlama, Enerji

sonumleme
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Abstract

Porous polymeric materials possess significant potential for applications such as filtration, catalysis,
tissue engineering, energy absorption, and structural filling, owing to their low density, high surface
area, and tunable structural properties. In this context, polymerized high internal phase emulsions
(polyHIPEs) represent a distinct subclass of porous polymers, formed by the polymerization of HIPEs—
emulsions with internal phase volumes exceeding 74%. These materials exhibit interconnected open-
cell morphologies and can also serve as templates for the fabrication of porous metals, ceramics,
carbons, and composites.

This study presents an innovative fabrication strategy that integrates emulsion templating with additive
manufacturing based on digital light processing (DLP). The photopolymer resin system employed
consists of 2-ethylhexyl acrylate (EHA) and isobornyl acrylate (IBOA), stabilized with a surfactant
(Hypermer B246), forming a water-in-oil (W/O) HIPE. These HIPE formulations were three-
dimensionally printed via DLP to obtain complex, hierarchical porous lattice structures. The resin
formulations were tailored to be photo-curable and were optimized for print resolution and structural
fidelity. A combination of beta-carotene and tartrazine was incorporated as a light absorber to reduce
light scattering and enhance print quality.

Furthermore, the influence of systematic monomer variation on print fidelity and mechanical
performance was comprehensively evaluated. In addition to elastic modulus, critical functional
parameters such as energy absorption capacity were also investigated. The results demonstrate that
polyHIPE structures with low densities (< 0.25 g/cm?®) and tunable energy absorption characteristics can
be customized as application-specific lightweight inner core filler materials.

This work systematically interprets the design and functional performance of porous polymer systems
manufactured via additive techniques based on photopolymer resin engineering and introduces a novel
approach for developing advanced multifunctional material solutions.

Keywords: Additive manufacturing, Porous polymer, polyHIPE, Emulsion templating, Energy
absorption
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Ozet

Polilaktik asit (PLA), sekil hafizali 6zelliklere sahip biyo¢dziiniir bir termoplastiktir ve dogrudan 4B
baski i¢in umut verici bir adaydir. Dogrudan 4B baskida programlama adimi dogrudan baski siirecine
entegre edilir, boylece ek 6n-germe veya son islem gerekliligi ortadan kalkar ve sekil degistiren yapilarin
diisiik maliyetli iiretimi miimkiin hale gelir. Bu 6zellik, basit tasarim ve diisiik enerji girisi gerektiren
yumusak robotik, uyarlanabilir cihazlar ve akilli ambalajlama gibi uygulamalar i¢in 6zellikle degerlidir.

Bu calismada, Ergiyik Yigma Modelleme (EYM) yontemiyle iiretilen ¢ift katmanli PLA dikdortgen
yapilarin termal uyari altinda kendiliginden biikiilme davranisi incelenmistir. Tiim numuneler sabit
baski ucu sicakligi (190 °C), tarama agist (0°) ve katman kalinligi (0,1 mm) ile basilmistir. Alt ve Ust
katmanlar i¢in farkli baski hizlar1 (10, 30, 50 ve 70 mm/s) kullanilmig, ayrica katman kalinliklar1 (0,4
mm ve 0,8 mm) degistirilerek biikiilme {izerindeki etkileri degerlendirilmistir. Numuneler tiretimden
sonra programlanan seklin geri kazanimi igin 85 °C sicak su banyosuna daldirilmis ve olusan biikiilme

acist ile egrilik yarigap1 dl¢tilmstiir.

Sonuglar, katmanlar arasindaki baski hiz1 farkinin olusturdugu termal genlesme farkindan kaynaklanan
kendiliginden biikiilmeyi ortaya koymaktadir. Esit hizlarla basilan numunelerde biikiilme ihmal
edilebilir diizeyde kalirken, en biiyiik hiz farkina sahip numuneler (alt katman 10 mm/s, iist katman 70
mm/s) tam bir daire olusturacak sekilde biikiilmiigtiir. Daha hizli basilan katmanin kalinliginin
artirilmasi biikiilmeyi azalttigt ve katman konfigiirasyonu ile sekil geri kazanimi arasindaki giiclii
iligskiyi dogruladigi gézlemlenmistir.

Bu ¢alisma, PLA’nin dogrudan 4B baski siirecindeki kendiliginden biikiilme tepkisinin baski hiz1 ve
katman kalinlig1 kontroliiyle hassas bir sekilde ayarlanabilecegini gostermekte ve islevsel, yeniden

yapilandirilabilir bilesenlerin tasarimi i¢in 6nemli tasarim rehberleri sunmaktadir.

Anahtar kelimeler: Dogrudan 4B baski, Sekil hafizali polimer, polilaktik asit, Kendiliginden biikiilme
davranisi, Ergiyik yigma modelleme
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Abstract

Polylactic acid (PLA) is a biodegradable thermoplastic with shape memory properties, making it a
promising candidate for direct 4D printing. In direct 4D printing, the programming step is integrated
into the printing process itself, eliminating the need for additional pre-straining or post-processing and
enabling cost-effective fabrication of shape-morphing structures. This capability is particularly valuable
for applications in soft robotics, adaptive devices, and smart packaging, where simple design and low
energy input are desired.

In this study, the thermally induced self-bending behavior of bi-layer PLA rectangular structures
fabricated via fused deposition modeling (FDM) was investigated. All samples were printed at a fixed
nozzle temperature of 190 °C, raster angle of 0°, and layer height of 0.1 mm. The bottom and top layers
were assigned different printing speeds (10, 30, 50, and 70 mm/s), while layer thickness was also varied
(0.4 and 0.8 mm) to examine its influence on bending. After fabrication, the samples were immersed in
an 85 °C water bath to trigger recovery of the programmed shape, and the resulting bending angle and

curvature radius were measured.

The results reveal that self-bending arises from differential thermal expansion induced by the printing
speed mismatch between layers. For samples printed with equal speeds, bending was negligible, whereas
specimens with the largest mismatch (10 mm/s bottom, 70 mm/s top) bent to form a complete circle.
Increasing the thickness of the faster-printed layer reduced bending, confirming the strong coupling
between layer configuration and shape recovery.

This study demonstrates that the self-bending response of PLA in direct 4D printing can be precisely
tailored through control of print speed and layer thickness, providing design guidelines for functional

and reconfigurable components in emerging engineering applications.

Keywords: Direct 4D Printing, Shape Memory Polymer, Polylactic Acid, Self-Bending Behavior,
Fused Deposition Modeling.
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Ozet

Ti-6Al-4V alasim, yiiksek 6zgiil mukavemet, korozyon direnci ve biyouyumluluk gibi iistiin 6zellikleri
sayesinde havacilik, savunma ve biyomedikal alanlarda yaygin olarak kullanilmaktadir. Son yillarda
lazer toz yatakl fiizyon (LPBF) yontemi gibi eklemeli imalat teknolojileri, bu alagimin karmasik
geometrilerde {iretimini miimkiin kilarken mikro yap1 ve mekanik 6zellikler {izerinde belirgin etkiler
yaratmaktadir. Bu ¢alismada, LPBF yontemi ile farkli lazer giicli parametrelerinde (150 W, 200 W, 250
W ve 300 W) iretilen Ti-6Al-4V numunelerin yiiksek sekil degistirme hizi altindaki mekanik
davranislart incelenmistir. Enerji yogunlugu degerleri, lazer giicii, tarama hizi, tarama mesafesi ve
katman kalinlig1 parametreleri kullanilarak hesaplanmistir. Numuneler, Split Hopkinson Basing Cubugu
(SHPB) diizeneginde ii¢ farkli nominal sekil degistirme hizinda (~1000 s, ~2000 s ve ~3000 s™)
dinamik basma testlerine tabi tutulmustur. 6 mm ¢apinda 6 mm boyunda numuneler kullanilmistir.
Testler sirasinda gerilme-gerinim egrileri elde edilmis, akma dayanimi, maksimum basma dayanimi ve
sekil degistirme sertlesmesi davraniglari karsilagtirilmistir. Bulgular, sekil degistirme hizinin artmasiyla
birlikte tim numunelerde akma ve maksimum dayanim degerlerinin belirgin sekilde yiikseldigini, ancak
stineklik degerlerinde hafif bir azalma egilimi oldugunu gostermektedir. Ayrica, daha yiiksek enerji
yogunlugu ile tiretilen numunelerin gézenek oraninin diistiigii ve bu durumun dinamik mukavemeti
olumlu etkiledigi gozlemlenmistir. LPBF yontemiyle iiretilmis Ti-6Al-4V alagiminin yiiksek sekil
degistirme hiz1 altinda sergiledigi mekanik performansin, iiretim parametreleriyle dogrudan iligkili
oldugu ortaya konmustur. Elde edilen verilerin, yiiksek hizli yiliklemelere maruz kalan titanyum
bilesenlerin tasariminda ve eklemeli imalat siirecinin optimizasyonunda yol gdsterici olacagi
degerlendirilmektedir.

Anahtar Kelime: Ti-6A1-4V, Lazer Toz Yatakli Fiizyon (LPBF), Split Hopkinson Basing Cubugu
(SHPB), Yiiksek Sekil Degistirme Hizi.
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Abstract

Ti-6Al1-4V alloy is widely used in aerospace, defense, and biomedical applications due to its superior
specific strength, corrosion resistance, and biocompatibility. In recent years, additive manufacturing
(AM) technologies such as Laser Powder Bed Fusion (LPBF) have enabled the production of this alloy
in complex geometries while significantly influencing its microstructure and mechanical properties. In
this study, Ti-6Al-4V specimens were produced via LPBF under different laser power settings (150 W,
200 W, 250 W, and 300 W) to investigate their high strain rate mechanical behavior. The volumetric
energy density values were calculated based on laser power, scan speed, hatch distance, and layer
thickness parameters. The specimens were subjected to dynamic compression tests using a Split
Hopkinson Pressure Bar (SHPB) apparatus at three nominal strain rates (~1000 s, ~2000 s™*, and ~3000
s1). Specimens 6 mm in diameter and 6 mm in length were used. Stress—strain curves were obtained
during the tests, and the yield strength, ultimate compressive strength, and strain hardening behavior
were compared. The results revealed that increasing the strain rate led to a noticeable rise in both yield
and ultimate strength across all specimens, accompanied by a slight reduction in ductility. Furthermore,
specimens produced with higher energy density exhibited reduced porosity, which positively affected
their dynamic strength. The high strain rate mechanical performance of LPBF-produced Ti-6Al-4V alloy
was found to be directly related to the manufacturing parameters. The findings of this study are expected
to provide valuable insights for the design of titanium components exposed to high-speed loading
conditions and for the optimization of additive manufacturing processes.

Keywords: Ti-6Al-4V, Laser Powder Bed Fusion (LPBF), Split Hopkinson Pressure Bar (SHPB), High
Strain Rate.
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Ozet

Her gecen giin artan enerji ihtiyaci ve siirdiiriilebilirlik gereksinimleri, yiliksek performansli ve
Ozellestirilmis seramik malzemelere olan ilgiyi artirmistir. Seramikler; yakit hiicreleri, bataryalar,
termoelektrik cihazlar ve katalitik sistemler gibi pek ¢ok enerji uygulamasinda {istiin 1s1l ve kimyasal
kararliliklart sayesinde kritik bir rol oynamaktadir. Geleneksel tiretim yontemleri, seramiklerin karmasik
geometrilerde ve hassas boyutlarda iiretimini sinirlarken, eklemeli imalat (additive manufacturing)
teknolojileri bu alanda yeni firsatlar sunmaktadir. Stereolitografi (SLA), yiiksek ¢oziiniirliik, yiizey
kalitesi ve karmasik tasarimlar1 gergeklestirebilme kapasitesi ile seramik iiretiminde 6ne ¢ikan bir {ig
boyutlu yazici teknigidir. SLA siireci, CAD yazilimlari kullanilarak olusturulan dijital modelle baslayip,
seramik tozlarmin UV 1s1ga duyarli reginelerle homojen olarak disperse edilmesi, katmanli
fotopolimerizasyonla sekillendirilmesi ve ardindan debinding ile sinterleme asamalariin
gerceklestirilmesiyle tamamlanir. Uretilecek parcanin recine formiilasyonu ve geometrik tasarimu,
parganin nihai teknolojik &zelliklerini belirleyen en kritik parametrelerdir. Ozellikle kat1 oksit yakit
hiicreleri (KOYH) gibi yiiksek sicaklikta galisan sistemlerde, seramiklerin yapisal ve fonksiyonel
ozellikleri enerji doniistim verimliliini dogrudan etkilemektedir. Son yillarda, KOYH’de kullanilan
YSZ elektrolitlerinin yiliksek ¢oziiniirliikte liretilebilmesi ve katalitik reaksiyonlar igin yiiksek yiizey
alanina sahip karmasik geometrili aliimina monolitik yapilarin bagariyla elde edilebilmesi, SLA
teknolojisinin enerji doniisiim sistemlerindeki potansiyel kullanimina iligkin 6nemli ilerlemeler olarak
degerlendirilmektedir. SLA teknolojisinin proses optimizasyonu, ¢ok malzemeli baski ve 6lgeklenebilir
iiretim gibi alanlarda yapilacak arastirmalar ile enerji sektdriinde yenilik¢i ve siirdiiriilebilir ¢oziimler

gelistirilmesine 6nemli katkilar sunacag1 dngoriilmektedir.

Anahtar Kelime: Stereolitografi, Seramik Malzemeler, Enerji Uygulamalari, KOYH, Katalitik Yapilar.
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Abstract

The increasing energy demand and sustainability requirements have heightened interest in high-
performance and customized ceramic materials. Ceramics play a critical role in many energy
applications such as fuel cells, batteries, thermoelectric devices, and catalytic systems owing to their
superior thermal and chemical stability. Traditional manufacturing methods limit the production of
ceramics with complex geometries and precise dimensions, whereas additive manufacturing
technologies offer new opportunities in this field. Stereolithography (SLA) stands out as a three-
dimensional printing technique in ceramic production due to its high resolution, excellent surface
quality, and ability to fabricate complex designs. The SLA process begins with a digital model created
using CAD software, followed by the homogeneous dispersion of ceramic powders into UV-light-
sensitive resins, shaping through layer-by-layer photopolymerization, and subsequent debinding and
sintering steps. The resin formulation and geometric design of the part are the most critical parameters
that determine the final technological properties of the product. Particularly in high-temperature
operating systems such as solid oxide fuel cells (SOFCs), the structural and functional properties of
ceramics directly affect energy conversion efficiency. In recent years, significant advancements have
been made in the successful fabrication of high-resolution YSZ electrolytes used in SOFCs and complex
geometrical alumina monolithic structures with high surface area for catalytic reactions. These
developments highlight the potential of SLA technology in energy conversion systems. It is anticipated
that further research on process optimization, multi-material printing, and scalable production using
SLA technology will make significant contributions to the development of innovative and sustainable
solutions in the energy sector.

Keywords: Stereolithography, Ceramic Materials, Energy Applications, KOYH, Catalytic Structures.
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Ozet

1 Mach alt1 seyir hizlarinda gorev yapan fiize kanatcik sistemlerinde kullanilmak {izere 5754 aliiminyum
alagimi ile epoksi matrisli yiliksek modiillii karbon fiber takviyeli polimer (CFRP) malzemeler yapisal
ve aerodinamik performans acisindan karsilastirilmistir. Ik asamada, ANSYS Fluent kullamlarak
gergeklestirilen CFD analizleri ile kanatgik ylizeylerindeki basing dagilimlari elde edilmis; burun
bolgesindeki maksimum basing noktalari, kanat¢cik kdk ve ©n kenar bolgelerindeki yiik
konsantrasyonlari net sekilde belirlenmistir. Ardindan bu basing verileri, sonlu elemanlar analizlerinde
yiikleme kosulu olarak uygulanarak her iki malzeme i¢in gerilme dagilimlari, maksimum deformasyon
degerleri, giivenlik katsayilar1 ve titresim 6zellikleri hesaplanmustir.

Elde edilen sonuglar, karbon fiberin diisiik yogunlugu ve yiiksek elastisite modiilii sayesinde daha diisiik
deformasyon ve daha yiiksek rijitlik sundugunu, bu sayede aeroelastik dayanimi artirarak flutter
frekansini yiikselttigini ortaya koymustur. Aliiminyum alasimi ise daha yiiksek sonlim orani ile bazi
titresim kosullarinda avantaj saglamakta, ayrica iiretim kolayligi, diisiik maliyet ve bakim-onarim

siireglerinde pratik ¢oziimler sunmaktadir.

Sonug olarak, hafiflik, yiiksek rijitlik ve diigiikk deformasyon gereksinimlerinin 6n planda oldugu 1 Mach
alt1 flize kanatcik tasarimlarinda CFRP malzemeler miithendislik ac¢isindan daha uygun goriinmektedir.
Ancak maliyet, {iretim hiz1 ve bakim kolayliginin 6ncelikli oldugu senaryolarda aliiminyum alasimlari
halen giiglii ve glivenilir bir alternatif olarak degerlendirilebilir. Bu nedenle nihai malzeme se¢imi, gorev
profili, biit¢e kisitlar1 ve bakim stratejileri goz dniinde bulundurularak yapilmalidir.

Anahtar Kelime: Kompozit, Karbonfiber, Alasim, ANSYS ACP
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Abstract

5754 aluminum alloy and epoxy matrix high modulus carbon fiber reinforced polymer (CFRP) materials
were compared in terms of structural and aerodynamic performance for use in missile wing systems
operating at subsonic speeds. In the first stage, CFD analyses were performed using ANSYS Fluent to
obtain pressure distributions on the winglet surfaces; maximum pressure points in the nose region and
load concentrations in the winglet root and leading edge regions were clearly determined. These pressure
data were then applied as loading conditions in finite element analyses to calculate stress distributions,

maximum deformation values, safety factors, and vibration characteristics for both materials.

The results revealed that carbon fiber offers lower deformation and higher stiffness due to its low density
and high elastic modulus, thereby increasing aeroelastic strength and raising the flutter frequency.
Aluminum alloy, on the other hand, provides advantages in certain vibration conditions due to its higher
damping ratio, and also offers production ease, low cost, and practical solutions in maintenance and

repair processes.

In conclusion, CFRP materials appear to be more suitable from an engineering perspective for sub-Mach
1 missile winglet designs where lightweight, high stiffness, and low deformation requirements are
prioritized. However, in scenarios where cost, production speed, and maintenance ease are priorities,
aluminum alloys can still be considered a strong and reliable alternative. Therefore, the final material
selection should be made by considering the mission profile, budget constraints, and maintenance
strategies.

Keywords: Composite, Carbon Fiber, Alloy, ANSYS ACP
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Ozet

Bu calismada, yiiksek irtifa sonda roketlerinde kullanilacak kanat¢ik malzemesinin belirlenmesi
amaciyla karbonfiber ve Aliiminyum 7075 malzemeleri karsilastirilmigtir. Kanatciklar, roketin
kararliligina dogrudan etki eden kritik bilesenler olup ugus sirasinda yiiksek aerodinamik yiikler, termal
etkiler ve titresim gibi zorlayici kosullara maruz kalmaktadir. Calismada, 6ncelikle her iki malzemenin
yogunluk, akma dayanimi, elastiklik modiilii ve termal iletkenlik gibi mekanik 6zellikleri incelenmistir.
Karbonfiberin 1,78 g/cm® yogunluk ve 4850 MPa akma dayanimu ile yiiksek spesifik mukavemet
sundugu, Aliiminyum 7075’in ise 2,81 g/cm?® yogunluga ragmen iyi mekanik dayanim ve yiiksek termal
iletkenlik sagladig1 belirlenmistir.

Aerodinamik etkilerin belirlenmesi amaciyla Ansys 2022 R1 yaziliminda hesaplamali akiskanlar
dinamigi (HAD) analizleri gerceklestirilmis, stipersonik hizlarda kanatc¢ik cevresinde olusan akig
yapilari, basing dagilimlar1 ve siiriikleme kuvvetleri incelenmistir. Elde edilen aerodinamik yiikler,
yapisal analizlerde sinir kosulu olarak kullanilmistir. Yapisal analizler sonucunda, karbonfiber
kanatgiklarin yiiksek mukavemet-agirlik oranmi sayesinde daha disiikk deformasyon gosterdigi,
Aliiminyum 7075 kanatciklarin ise termal yiikler altinda daha kararli sicaklik dagilimi sundugu
gozlemlenmistir. Ayrica, liretim siirecinde malzeme islenebilirligi, temin edilebilirlik ve maliyet
kriterleri de degerlendirilmis, bdylece yalnizca miithendislik performansi degil, uygulama kolayligi da
dikkate alinmustir.

Sonug olarak, karbonfiber malzeme, agirligin kritik oldugu gorevlerde avantaj saglarken; Aliminyum
7075, yiiksek termal iletkenlik gerektiren senaryolarda tercih edilebilir. Elde edilen bulgular, ytiksek
irtifa sonda roketleri i¢in malzeme se¢iminde gorev gereksinimlerine goére optimizasyon yapilmasi
gerektigini gostermektedir. Bu kapsamda, gelecekte yapilacak ¢alismalarin, farkli kompozit tiirlerinin
performansini deneysel testlerle karsilastirarak daha kapsamli bir veri seti sunmasi hedeflenmektedir.

Anahtar Kelime: Roket, Kanatcik, Kompozit Malzemeler, Karbonfiber, Aliminyum
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Abstract

This study compares carbon fiber and Aluminum 7075 materials to determine the optimal fin material
for high-altitude sounding rockets. Fins are critical components that directly affect rocket stability and
are exposed to high aerodynamic loads, thermal effects, and vibrations during flight. Initially, the
mechanical properties of both materials, such as density, yield strength, elastic modulus, and thermal
conductivity, were examined. Carbon fiber offers high specific strength with a density of 1.78 g/cm® and
yield strength of 4850 MPa, while Aluminum 7075 provides good mechanical performance and high
thermal conductivity despite its higher density of 2.81 g/cm?.

To assess aerodynamic effects, Computational Fluid Dynamics (CFD) analyses were conducted using
Ansys 2022 R1. Flow structures, pressure distributions, and drag forces around the fins at supersonic
speeds were examined. The aerodynamic loads obtained were used as boundary conditions in structural
analyses. Results indicated that carbon fiber fins exhibited lower deformation due to their high strength-
to-weight ratio, whereas Aluminum 7075 fins offered more stable temperature distribution under
thermal loads. Additionally, manufacturability, availability, and cost criteria were considered, ensuring

that both engineering performance and practical feasibility were addressed.

In conclusion, carbon fiber is advantageous for missions where weight is critical, while Aluminum 7075
is preferable in scenarios requiring high thermal conductivity. The findings highlight the importance of
optimizing material selection based on mission requirements. Future studies aim to compare the
performance of different composite types through experimental testing to provide a more comprehensive
dataset.

Keywords: Rocket, Fin, Composite Materials, Carbon Fiber, Aluminum
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Bu caligmada, metal eklemeli imalat yontemiyle iiretilen konformal sogutma kanallarimin yiizey
kalitesini ve geometrik dogrulugunu artirmak amaciyla iiretim parametrelerinin optimizasyonu
gergeklestirilmistir. Deneysel calismalar, AISi10Mg alasim tozu kullanilarak SLM 500 makinesi ile
ylriitiilmiis; ti¢ farkli kanal ¢cap1 (4 mm, 8 mm, 12 mm), ii¢ farkli katman kalinlig1 (30 um, 60 pm, 90
um) ve ii¢c farkl iiretim yonii dikkate alinmistir. Deney tasarimi Taguchi L9 ortogonal dizisine gore
yapilmis, sertlik (HV) ve yiizey piirizliligi (Ra) Olglimleri iizerinden degerlendirme
gergeklestirilmigtir. Kanal tasarimlart CAD ortaminda olusturulmus, tiretim sonrast numunelerden
Vickers mikrosertlik dl¢limleri ve profilometre ile yiizey piiriizliliigii analizleri yapilmistir. Elde edilen
sonuglar, katman kalinligi, kanal ¢ap1 ve gaz akis yOniiniin hem yiizey piiriizliliigii hem de sertlik
dagilimi tizerinde belirgin etkileri oldugunu gostermektedir. Taguchi analizine gore, ortalama sertlik
icin en uygun parametre kombinasyonu 4 mm kanal ¢api, 60 pm katman kalinlig1 ve 90° iiretim yonii
olarak belirlenmistir. Yiizey piiriizliiliigli agisindan ise 8 mm kanal ¢ap1, 60 pm katman kalinlig1 ve 0°
iiretim yonii en iyi sonucu vermistir. Bu ¢alisma, konformal sogutma kanallarinin iiretim kalitesini
artirmak i¢in parametre optimizasyonunun 6nemini ortaya koymakta ve SLM ile iiretimde tasarim—

parametre iligkisine dair uygulamali veriler sunmaktadir.

Anahtar Kelime: Eklemeli imalat, konformal sogutma kanali, parametre optimizasyonu, yiizey
plriizliliigli, Taguchi yontemi
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Abstract

This study aims to optimize manufacturing parameters to enhance the surface quality and geometric
accuracy of conformal cooling channels produced by metal additive manufacturing. Experimental
studies were carried out using AlSil0Mg alloy powder on an SLM 500 machine, considering three
channel diameters (4 mm, 8 mm, 12 mm), three layer thicknesses (30 pm, 60 pm, 90 pm), and three
build orientations. The experimental design was based on the Taguchi L9 orthogonal array, and
evaluations were performed using hardness (HV) and surface roughness (Ra) measurements. Channel
designs were created in CAD software, and post-production analyses included Vickers microhardness
measurements and profilometry for surface roughness. The results showed that layer thickness, channel
diameter, and gas flow direction had significant effects on both surface roughness and hardness
distribution. According to the Taguchi analysis, the optimal parameter combination for average hardness
was determined as 4 mm channel diameter, 60 um layer thickness, and 90° build orientation. For surface
roughness, the best result was obtained with 8 mm channel diameter, 60 pm layer thickness, and 0°
build orientation. This study highlights the importance of parameter optimization in improving the
manufacturing quality of conformal cooling channels and provides practical data on the design—
parameter relationship in SLM production.

Keywords: Additive manufacturing, conformal cooling channel, parameter optimization, surface
roughness, Taguchi method
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Bu ¢aligmada, dental reginenin ¢ekme 6zellikleri {izerine latis yap1 tasarimi ve kiirleme siiresinin etkileri
deneysel olarak arastirilmistir. Calisma kapsaminda ii¢ farkli latis yapu tipi (Gyroid, Diamond, Lidinoid)
ve ¢ farkli kiirleme siiresi (2, 4, 6 dakika) kullanilarak her biri i¢in 10 numune tiretilmistir. Tiim latis
yapilar, 2x2x2 mm hiicre boyutuna ve 0,5 mm hiicre duvart kalinligina sahip olacak sekilde
tasarlanmigtir. SolidWorks programinda tasarlanan ¢ekme numunelerine, nTopology yaziliminda
belirlenen latis yap1 tasarimlari uygulanmistir. Numuneler, stereolitografi (SLA) yontemiyle yiiksek
hassasiyetli olarak iiretilmis ve ardindan izopropil alkol (IPA) ile yiizey temizligi yapilmigtir. Temizlik
isleminin ardindan, belirlenen kiirleme siirelerinde UV 151k altinda post-processing islemleri
gergeklestirilmistir. Cekme testleri, her tasarim ve kiirleme siiresi kombinasyonu i¢in ayr1 ayri yapilmis,
elde edilen veriler istatistiksel olarak analiz edilmis ve L9 ortogonal dizi yaklagimi ile
degerlendirilmistir. Sonuglar, latis yapinin geometri tipinin ve kiirleme siiresinin dental re¢inenin
mekanik performansi lizerinde anlamli bir etkiye sahip oldugunu gostermektedir. Diamond latis yapilar,
diger geometrilere kiyasla daha yiiksek ¢ekme dayanimi sergilemistir. Bu dayanim farki, Diamond
yapisindaki siirekli yiik aktarim yollar1 ve homojen gerilme dagilimi sayesinde malzemenin lokal
zayifliklarinin azalmasindan kaynaklanmaktadir. Istatistiksel analizler sonucunda anlamlilik diizeyi p <
0.05 olarak belirlenmistir. Kiirleme siiresi agisindan ise 6 dakikalik uygulama, 2 ve 4 dakikalik
uygulamalara kiyasla belirgin sekilde iistiin performans saglamistir. Elde edilen bulgular, dental
uygulamalar ve fonksiyonel prototip liretiminde mekanik 6zelliklerin optimizasyonu i¢in latis yap1
secimi ve kiirleme siiresinin kritik parametreler oldugunu ortaya koymaktadir. Ayrica sonuglarin
giivenilirligi, bu mekanik gerekgelerin degerlendirilmesiyle desteklenmistir.

Anahtar Kelime: SLA, Dental re¢ine, Latis yap1, Kiirleme, Optimizasyon.
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Abstract

In this study, the effects of lattice structure design and curing time on the tensile properties of dental
resin were experimentally investigated. Three different lattice types (Gyroid, Diamond, Lidinoid) and
three different curing times (2, 4, and 6 minutes) were used to produce the test specimens. All lattice
structures were designed with a cell size of 2x2x2 mm and a wall thickness of 0.5 mm. Tensile specimen
geometries were created in SolidWorks, and the selected lattice designs were applied using nTopology
software. The samples were manufactured with high precision via the stereolithography (SLA) method,
followed by surface cleaning with isopropyl alcohol (IPA). After cleaning, post-processing was carried
out under UV light for the specified curing durations. Tensile tests were performed separately for each
combination of design and curing time, and the obtained data were statistically analyzed using the L9
orthogonal array approach. The results clearly indicate that both lattice geometry type and curing time
have a significant effect on the mechanical performance of dental resin. Among the tested geometries,
the Diamond lattice exhibited higher tensile strength compared to the others. In terms of curing time,
the 6-minute condition demonstrated noticeably superior performance compared to 2- and 4-minute
curing durations. These findings emphasize that lattice structure selection and curing time are critical
parameters for optimizing the mechanical properties of dental resins in dental applications and
functional prototype manufacturing. These two parameters show that higher tensile strength can be
achieved by optimizing the cell size parameter.

Keywords: SLA, Dental resin, Lattice structure, Curing, Optimization.
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Azade YELTEN COSKUN

Istanbul Universitesi-Cerrahpasa, Metalurji ve Malzeme Miihendisligi, Istanbul, Tiirkiye,
azade.yelten@iuc.edu.tr

Batur ERCAN

Orta Dogu Teknik Universitesi, Metalurji ve Malzeme Miihendisligi, Ankara, Tiirkiye, baercan@metu.edu.tr

Ozet

B-trikalsiyum fosfat (B-TCP, Cas(POs),) sert doku iyilestirme uygulamalarinda genis ¢apta kullanim
alan1 bulmaktadir. B-TCP biyoemilebilir bir biyoseramik oldugu icin dokularla biyokimyasal bag
kurabilme kapasitesi yiiksektir. Bu bakimdan B-TCP’den toz, macun, kaplama vb. gibi ¢esitli formlarda
yararlanilarak kemik rejenerasyonu verimli bir sekilde saglanabilmektedir. Ayrica B-TCP’nin 6zellikleri
farkli iyonlarin kristal yapisina dahil edilmesi sayesinde degistirilebilmektedir. Ornegin Ce**
antibakteriyel aktivite 6zelligi i¢in kullanilmaktadir. Benzer sekilde, antibakteriyel davranig saglamasi
igin B-TCP yapisina SeO;* de katilabilmektedir. Viicut igin onemli bir element olan Se, viicut
fonksiyonlarinin diizgiin bir sekilde ylirlimesinde rol alma, antikanser ve antimikrobiyal etkiler gosterme
ve kemik dokusu olusumunu arttirma 6zellikleriyle de bilinmektedir. Diger bir dnemli iyon katkisi
olarak Sr** ise osteoporoz kaynakli kemik kiriklarinin tedavi ve kemigin mukavemetini arttirma
uygulamalarinda yardimci olmaktadir. Bu ¢alismada da Ce, Se ve Sr’nin kendilerine 6zgii potansiyelleri
g6z Oniinde bulundurularak iiclii iyon katkili B-TCP tozlar1 mikrodalga destekli sentez yontemiyle
tiretilmistir. Deneysel prosediir Ca ve P kaynak ¢ozeltilerinin hazirlanmasiyla baglamaktadir. SeOs*
iyon katkis1 P ¢ozeltisine; Ce** ve Sr** iyon katkilar1 ise Ca ¢dzeltisine yapilmaktadir. Proses Ca ve P
cozeltilerinin karistirilmas1 ve akabinde karigima 800 W giiciinde mikrodalga 1simasinin
uygulanmasiyla devam etmektedir. Daha sonra s6z konusu karigim, santrifiij ve vorteks islemlerinden
gecirilmis olup ardindan kurutulmus ve en nihayetinde kristalin B-TCP tozlarinin elde edilebilmesi i¢in
900 °C’de 1s1] isleme tabi tutulmustur. Uglii iyon katkili B-TCP tozlarinin faz, molekiiler bag, yiizey
morfolojisi/elementel haritalama ve termal 6zellikleri sirasiyla X-Isin1 Difraksiyonu (XRD), Fourier
Dontigiimlii  Kizilotesi Spektroskopisi (FT-IR), Taramali Elektron Mikroskobu/Enerji Dagilim
Spektroskopisi (SEM/EDS) ve Diferansiyel Termal Analiz/Termogravimetrik Analiz (DTA/TGA) ile
incelenmistir. Karakterizasyon caligmalar1 Ce-Se-Sr ile doplama yapilmis mikron-alti partikiil
boyutlarindaki uniform B-TCP tozlarinin pratik bir sekilde sentezlendigini ortaya koymustur.

Anahtar Kelime: biyoseramikler, B-trikalsiyum fosfat, ii¢lii iyon doplama, mikrodalga destekli sentez.
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Abstract

B-tricalcium phosphate (B-TCP, Cas(POs),) is widely used for hard tissue healing applications. Since j3-
TCP is a bioresorbable bioceramic, it has a high capacity for forming biochemical bonds with the tissues.
Hence, efficient bone regeneration can be achieved by utilizing B-TCP in various forms, such as powder,
putty, coating, etc. Moreover, properties of B-TCP can be altered depending on the incorporation of
different ions into its crystal structure. For instance, Ce*" is used for its antibacterial activity. Likewise,
SeOs* can also be introduced to B-TCP to present antibacterial behaviour. Additionally, Se, as a
significant element for the body, is well-known for playing a role in the proper body function, exhibiting
anti-cancer and antimicrobial effects, and enhancing bone tissue formation. Another important ion, Sr**,
can work in the treatment of bone fractures caused by osteoporosis and help improve bone strength.
According to the individual potential of each ion, B-TCP powders triple-doped with Ce, Se, and Sr were
produced via microwave-assisted synthesis in this research. The procedure involved the preparation of
Ca and P source solutions, where the SeOs* ion was added to the P, while the Ce*" and Sr*" ions were
added to the Ca solution. The process continues with mixing the Ca and P solutions, followed by the
application of microwave radiation at 800 W to the mixture. Afterwards, the mixture is centrifuged and
vortexed, then dried, and subsequently heat-treated at 900 °C to obtain the crystalline -TCP powders.
Phase, molecular bonding, surface morphology/elemental mapping, and thermal properties of the triple-
ion doped B-TCP powders were examined by the X-Ray Diffraction (XRD), Fourier Transform Infrared
Spectroscopy (FT-IR), Scanning Electron Microscope/Energy Dispersive Spectroscopy (SEM/EDS),
and Differential Thermal Analysis/Thermogravimetry Analysis (DTA/TGA), respectively.
Characterisation studies demonstrated that Ce-Se-Sr-doped B-TCP powders with sub-micron particle
sizes and fine particle shapes were practically synthesized.

Keywords: Bioceramics, p-tricalcium phosphate, triple ion-doping, microwave-assisted synthesis.
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Ozet

Bu calisma, Eriyik Yigma Modelleme (FDM) yontemiyle iiretilen PLA numunelerin yiizey
plriizliliigiinii azaltmaya yonelik lazer parlatma (LP) uygulamalarini incelemektedir. Katmanli imalatin
(AM) sundugu avantajlara ragmen yiiksek yiizey piiriizliiliigii, mekanik dayanimi sinirlayan énemli bir
dezavantaj olarak goriilmektedir. Literatiirde baski parametrelerinin optimizasyonu ve son islem
yontemleri ile yiizey kalitesinin gelistirilebildigi gosterilmistir. Ancak egimli ylizeylerde lazer-malzeme
etkilesiminin farklilagmasina ragmen, calismalar cogunlukla yatay yiizeylere odaklanmaistir.

Bu arastirmada, 30°, 45° ve 60° yap1 acgilarinda iiretilen PLA numuneler lizerinde 4 farkli enerji
yogunlugu seviyesinde ve her bir seviyede 5 farkli lazer giicii ve tarama hizinda lazer parlatma islemi
uygulanmustir. Yiizey kalitesi Ra, Rq, Rz, Rsk ve Rku parametreleri ile degerlendirilmistir. Olgiimler
Mitutoyo SJ-210 cihazi ile yapilmis ve her parametre igin bes tekrarli veri toplanmugtir.

Sonuglar, lazer parlatma ile yiizey piirtizliliigiiniin %80’¢ varan oranda iyilestigini gOstermistir.
Ozellikle 60° yap1 acisinda, yiizey asimetrisinin (Rsk) daha simetrik hale geldigi, Rq ve Rz degerlerinin
ise belirgin sekilde azaldigi bulunmustur. Optik mikroskop gozlemleri de uygun enerji yogunlugu
seviyelerinde ylizeyin daha diizgiin ve homojen hale geldigini, diisiik tarama hizlarinda ise asir1 ergime

nedeniyle bozulmalarin olustugunu ortaya koymustur.
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Abstract

This study investigates the use of laser polishing (LP) to reduce the surface roughness of FDM-printed
PLA specimens. Despite the advantages of additive manufacturing (AM), high surface roughness
remains a major drawback that limits the mechanical performance of printed parts. Previous research
has demonstrated that surface quality can be improved through optimization of printing parameters and
post-processing methods. However, most studies have focused on horizontal surfaces, while the laser-

material interaction on inclined surfaces remains underexplored.

In this research, PLA specimens were fabricated at build angles of 30°, 45°, and 60°. Laser polishing
was performed at four different energy density levels, and for each level, five different combinations of
laser power and scan speed were applied. Surface quality was evaluated using Ra, Rq, Rz, Rsk, and Rku
parameters. Measurements were conducted with a Mitutoyo SJ-210 device, and five repeated
measurements were collected for each parameter to ensure statistical reliability.

The results demonstrated that surface roughness was improved by up to 80% after laser polishing. For
60° build angle samples, surface asymmetry (Rsk) shifted towards a more symmetric profile, while Rq
and Rz values significantly decreased, indicating a smoother and more uniform texture. Optical
microscopy observations confirmed that properly balanced LP parameters led to improved surface
uniformity, whereas low scan speeds resulted in excessive melting and surface degradation.

Keywords: Fused Deposition Modelling (FDM), Polylactic Acid (PLA), Laser Polishing, Surface

Roughness
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Ozet

Son yillarda éne ¢ikan imalat yontemlerinden biri eklemeli imalat (EI) olmustur. Katman katman iiretim
yaklagimi1 sayesinde, karmasik geometriye sahip parcgalar genis bir malzeme yelpazesiyle, klasik talash
yontemlere kiyasla daha siirdiiriilebilir sekilde iiretilebilmektedir. Bununla birlikte, EI yontemleri
genellikle {iretilen parcalarin yiizey piiriizliliigii, katmanli yapidan kaynaklanan basamaklanma (stair-
step) etkisi ve destek yapilarina duyulan ihtiya¢ gibi dezavantajlar nedeniyle post-proses islemlerine
ihtiyag duymaktadir. EI teknikleri arasinda uygun maliyetli olusu, basitligi ve genis kullanim alanlari
sayesinde ergitilmis yigma modelleme (FDM) en ¢ok tercih edilen ve erigilebilen yontemlerden biridir.
Ancak FDM parcalar, diger birgok El teknigine gore daha diisiik yiizey kalitesine sahiptir. Bu durumun
temel nedenleri baski ¢oziiniirliigliindeki kisitlamalar ve destek yapilarina duyulan ihtiyactir. Yiizey
puriizliliigii, pargalarin yorulma omrii ve mekanik performansmi dogrudan etkileyen kritik bir
parametre oldugundan, bu dezavantajlarin giderilmesi amaciyla cesitli post-proses teknikleri
uygulanmaktadir. Literatiirde ABS malzemesi {lizerine yapilan ¢aligmalarda, buharla parlatma, mekanik
parlatma ve titresimli parlatma yontemleri incelenmis olsa da bu tekniklerin etkilerinin makine
ogrenmesi (ML) ile modellenmesine yonelik sinirh sayida arastirma mevcuttur. Ayrica, FDM ile
tiretilmis ABS pargalarin as-built (islenmemis) ve post-proses durumlari arasindaki yiizey plirtizliligi
degisimlerinin birden fazla teknik karsilastirilarak ML ile tahminine yonelik kapsamli bir ¢aligma
bulunmamaktadir. Bu ¢alismada ayni {iretim parametreleri ile iiretilmis 27 ABS numune kullanilarak,
farkli post-proses teknikleri sonrasi yiizey piuriizliligini tahmin etmek lizere ML modelleri
gelistirilecektir. Her islem sirasinda belirli zaman araliklarinda alinan ¢oklu 6l¢iimlerin ortalamalariyla
girdi-cikt1 iligkileri olusturulacak, regresyon tabanli ve birlesik (ensemble) yontemler kullanilacak ve k-
kath ¢apraz dogrulama ile dogrulama yapilacaktir. Modellerin basarimi ortalama kare hatas1 (MSE), kok
ortalama kare hatast (RMSE), ortalama mutlak hata (MAE) ve determinasyon katsayisi (R?) ile
degerlendirilecektir. Boylece farkli algoritmalarin performanslar karsilastirilarak yiizey piiriizliligi

degisimlerinin tahmini saglanacaktir.
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Abstract

As one of the latest emerging manufacturing methods, additive manufacturing (AM) enables the
manufacturing of complex geometrical parts layer-by-layer with a wide range of materials, while being
more sustainable compared to conventional manufacturing methods. However, AM methods often
require post-processing due to disadvantages such as surface roughness, the stair-step effect caused by
the layered process, and the need for support structures. Among AM techniques, fused deposition
modeling (FDM) is one of the most commonly preferred methods due to its affordability, simplicity, and
applications. Nevertheless, FDM parts generally exhibit lower surface quality compared to those
manufactured by other AM techniques. The primary reasons for this are printing resolution limitations
and the requirement for support structures. Since surface roughness directly affects the fatigue life and
mechanical performance of parts, various post-processing techniques are applied to overcome these
disadvantages. In the literature, studies on ABS material have focused on vapor-smoothing, mechanical
polishing, and vibrational polishing. However, research integrating machine learning (ML) to model the
effects of these post-processing techniques remains limited. Moreover, no comprehensive studies have
applied ML to predict surface roughness changes between as-built and post-processed states of FDM-
manufactured ABS parts while comparing multiple post-processing techniques. In this study, a dataset
consisting of 27 ABS samples manufactured under identical manufacturing parameters will be used to
develop ML models. During each post-process, surface roughness measurements taken at specific time
intervals will be averaged to establish input-output relationships. Regression-based and ensemble ML
algorithms will be implemented, and model validation will be performed using k-fold cross-validation.
The performance of the models will be evaluated using mean squared error (MSE), root mean squared
error (RMSE), mean absolute error (MAE), and the coefficient of determination (R?). Through this
approach, the performance of different algorithms will be compared, enabling prediction of surface
roughness changes in FDM-manufactured ABS parts.

Keywords: additve manufacturing, machine learning, fdm, post-process, surface roughness
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Ozet

Kafes yapilar, farkli yonlerde yonlendirilen ve farkli agilara sahip ¢ubuklardan olugan ve tiim yonlerde
periyodik sekilde tekrarlanan yapilardir. Eklemeli imalatin son on yillarda ortaya ¢ikisi ve kendi iginde
hizl1 gelismesi sayesinde soz konusu kafes yapilar hizli ve maliyet etkin {iretilmesi miimkiin hale
gelmistir boylelikle kafes yapilarin havacilik, termal sistemler vb. alanlarda kullanimi yayginlasmustir.
Bu calismada kafes yapiyr olusturan tiim ¢ubuk elemanlarin ayni ¢ap degerine sahip olacak sekilde
tasarlanmasi {izerine ¢alisilmigtir. Calisma sonucunda izotropik 6zelliklere sahip kafes yapiya ulasmak
icin daha once literatiirde cubuk merkezli kafes yapi tasariminda kullanilmamis farkli bir yontem
benimsenmistir. Bu yontemde bir kiibik hiicrenin her yiizeyindeki bir kdsegen birbirini tamamlayacak
sekilde birlestirilir bu kdsegenlerin igerisinde kalan hacim bir tiggen piramit(dort yiizlii) hacim eleman
olusturur. Elde edilen iiggen piramitin i¢ hacim merkez noktasi kdse ve kenar orta noktalar1 ile ¢esitli
kombinasyonlarda ¢ubuk elemanlarla birlestirilir. Uggen piramitin her yiizeyinde aynalama islemi
yapilir ve istenilen boyutlarda kiibik bir kafes yap1 olusturulacak sekilde dis kismi kesilir. Bu yapilan
islemler sayesinde kafes yap1 kiibik simetriye sahip olur. S6z konusu tasarim stratejisi ile dort farkl
kafes yapis1 tasarlanmustir. Elde edilen kafes yapilarin Python programlama dili ile parametrik modelleri
gelistirilmistir. Bu sayede farkli cap ve boyutlara sahip kafes yapilar hizli ve kolay sekilde tasarlanabilir
hale getirilmistir. Bu ¢alismada 20x20x20mm? hiicre boyutlarinda 0.1 ile 0.9 goéreceli yogunluklar
arasinda 0.1 artiglarla tiim goreceli yogunluklara denk gelecek g¢ubuk caplari belirlenerek bu kafes
hiicrelerin modelleri olusturulmustur. Bu modellerin ABAQUS yaziliminda ikinci dereceden dortyiizlii
kat1 sonlu elemanlar (C3D10) ile yapilan ag yakinsamasi ¢alismasi sonucu 0.25mm eleman boyutu
kullanilarak ¢6ziim ag1 olusturulmustur. Tasarlanan kafes yapilarin sonlu elemanlar analizi kullanilarak
sayisal homojenizasyon yontemi ile farkli goreceli yogunluklarda homojenize elastik &zellikleri
belirlenmistir. Elde edilen sonuglara gore bahse konu tasarim stratejisi ile tasarlanan kafes yapilarin
izotropik olup olmadig1 Zener oram esitligi kullanilarak degerlendirilmistir. Bu esitlik homojenize
elastisite modiilii, kesme modiilii ve Poisson orani arasindaki iliskiye bagli olarak anizotropi derecesini
tanimlamaktadir. Tiim goreceli yogunluk degerlerinde izotropiye yakin dzellikler gosteren bir kafes yap1
tasarimi bu analizler sonucu tespit edilmistir. S6z konusu kafes yapinin tasarimi literatiirde daha once
mevcut olmadigindan bu ¢alismanin 6zgiinliigiinii olusturmaktadir. Tasarlanan kafes yapi malzeme

ekstriizyonu eklemeli imalat yontemi ile {iretilerek, iiretilebilirlik performansi da degerlendirilmistir.
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Abstract

Lattice-structured materials are obtained by arranging strut elements in different orientations within a
unit cell and periodically repeating this lattice cell in all directions. The recent emergence and rapid
advancement of additive manufacturing have enabled the fast and cost-effective production of such
lattice structures. Consequently, their use has become widespread in fields such as aerospace and
thermal systems. For engineering applications, it is essential that lattice-structured materials exhibit
consistent properties under loads applied from different directions. However, existing lattice structures
often display anisotropic characteristics, which limit their performance in this regard. To address this
issue, the present study focuses on the design of a lattice cell with isotropic elastic properties while
maintaining identical strut diameters within the cell. To achieve isotropic behavior, a method that has
not been previously utilized in strut-based lattice design in the literature was adopted. In this approach,
diagonals on each face of a cubic cell are combined to form a triangular pyramid (tetrahedral) volume
element. The centroid of this tetrahedron is then connected to the vertices and midpoints of its edges
through struts in various combinations. Each face of the triangular pyramid is mirrored, and the outer
region is trimmed to obtain a cubic lattice structure with the desired dimensions. Using this strategy,
four different lattice structures were designed, and their parametric models were developed in Python.
This allowed rapid and flexible generation of lattices with varying diameters and dimensions. In this
work, lattice cells with dimensions of 20 x 20 x 20 mm? were modeled for relative densities ranging
from 0.1 to 0.9 with increments of 0.1, and the corresponding strut diameters were determined. Finite
element meshes were generated using second-order tetrahedral solid elements (C3D10) in ABAQUS,
with a mesh convergence study resulting in a 0.25 mm element size. Numerical homogenization was
then applied to determine the effective elastic properties of the designed lattice structures across
different relative densities. The isotropy of the structures was assessed using the Zener ratio, which
relates the homogenized elastic modulus, shear modulus, and Poisson’s ratio to quantify anisotropy.
Among the designs, one lattice structure demonstrated properties close to isotropy across all relative
densities, highlighting the originality of the proposed method. Finally, the manufacturability of the
designed lattice was evaluated through experimental fabrication using the material extrusion additive
manufacturing process.

Keywords: Lattice Structure, Additive Manufacture, Homogenization, Isotropy, Finite Element
Analysis
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Ozet

Kullanim alanina 6zgii, hafifletilmis yapilar elde etmek icin kafes yapilar, eklemeli imalat
teknolojileriyle yaygin olarak iiretilmektedir. Bu alandaki caligsmalar, ozellikle otokodlayicilarin
yardimiyla kiris tabanli kafes yapilarin istenilen mekanik o6zelliklere gore tasarlanmasina
odaklanmaktadir. Ancak, bu gelismis yontemlerin {i¢lii periyodik minimal yiizey (TPMS) yapilarina
uygulanmasi  konusunda literatiirde ciddi bir bosluk bulunmaktadir. Ayrica, TPMS
yapilarinin esyonsiizliik kazanmasina yonelik ¢alismalar da heniiz ¢ok sinirlidir. Bu eksiklikler, daha
yiiksek performansh ve karmasik periyodik yapilarm tasarimimi engelleyebilmektedir. Calisma, bu
boslugu doldurmayr ve TPMS vyapilarinin potansiyelini ortaya ¢ikarmayir amaglamaktadir.
Caligmada, B-kosullu otokodlayicilar ile regresyon aglari birlestirilerek, ¢esitli TPMS yapilar
arasindaki gizli uzay derinlemesine incelenmistir. Bu entegre yaklasim sayesinde, farkli TPMS yapilar
arasindaki geometrik ve mekanik 6zellik gegisleri analiz edilmistir. Elde edilen bulgular 1s1g1nda, gizli
uzayda ara deger hesaplamasi ile yeni TPMS varyasyonlarinin kesfedilmesini saglayan bir yontem ve
belirli porozite ve yonlii elastik modiil gibi 6zellik vektorlerine dayanan tersine tasarim yontemleri
Onerilmistir. Bu yenilik¢i yaklagimlar, TPMS yapilarinin daha kontrollii ve optimize edilmis bir sekilde
tasarlanabilmesinin oniinii agmaktadir.

Anahtar Kelime: TPMS, Esyonsiizliik, Tersine Tasarim, Kafes Yap1
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Abstract

Lattice structures are commonly produced using additive manufacturing technologies to obtain
application-specific, lightweight structures. Studies in this field have primarily focused on designing
beam-based lattice structures with desired mechanical properties, especially with the help of
autoencoders. However, there is a significant gap in the literature regarding the application of these
advanced methods to Triply Periodic Minimal Surface (TPMS) structures. Additionally, research on
making TPMS structures anisotropic is still very limited. These shortcomings can hinder the design of
higher-performance and more complex periodic structures. This study aims to fill this gap and unlock
the potential of TPMS structures. The hidden space between various TPMS structures was examined in
depth by combining B-conditional autoencoders with regression networks. This integrated approach
allowed for the analysis of transitions in geometric and mechanical properties between different TPMS
structures. Based on these findings, the study proposes a method for exploring new TPMS variations
through interpolation in the hidden space, as well as inverse design methods based on specific property
vectors like porosity and directional elastic modulus. These innovative approaches pave the way for a

more controlled and optimized design of TPMS structures.

Keywords: TPMS, Anisotropy, Inverse Design, Lattice Structure
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Ozet

Gozenekli mimarilerde, darbeli yiikkleme altinda spesifik enerji emilimi (SEA) ve gerilme-sekil
degistirme davranisinda tabaka kalmligmna bagli iyilesmeler yaygm olarak goriilmektedir. Uglii
periyodik minimal yiizey (TPMS) geometrileri arasinda, keskin koseleri olmayan diizglin kavisli
topolojileri sayesinde, gyroid yapilar erken burkulma tetikleyicilerini onler ve 6zellikle yiiksek gerilme
oranlarinda polimer bazli 3D baskili pargalarda kararli ezilme modlar ve yiliksek enerji dagitim
potansiyeli sunar. Bu ¢alismada, PLA ve ABS'den eklemeli imalat (FDM) ile iiretilen kat1 ve gyroid
silindirik numunelerin (15 mm ¢ap x 15 mm yiikseklik) yiiksek gerilme hiz1 sikistirma tepkileri, Split
Hopkinson Basing Cubugu (SHPB) kullanilarak incelenmistir. Testler, c¢ubuk-numune dalga
etkilesimlerini hesaba katan klasik {i¢ dalga yontemi ile degerlendirilmis ve gerilme-gerinim egrileri,
akma gerilimi, kirllma sekil degistirmesi ve birim kiitle basina 6zgiil enerji emilimi elde edilmistir.
Bulgular, kati numunelerin daha yiiksek akma gerilimi sergilerken, gyroid numunelerin ilerleyen hiicre
duvari burkulma ve ezilme mekanizmalar1 nedeniyle daha diizgiin bir gerilme ve iistiin SEA sagladigini
gostermektedir. Malzeme agisindan, PLA daha yiiksek sertlik ve akma gerilimi gdsterirken, erken ¢atlak
olusumuna daha yatkindir, ABS ise daha genis plastik deformasyon aralig1 ile daha siinek bir ¢okme
sergiler. Temel polimerden bagimsiz olarak, gyroid topolojisi gerilme hiz1 arttik¢a belirgin bir hiz
duyarlilig1 gosterir. Bu sonuglar, kisisel koruyucu ekipman, insansiz hava araci bilesenleri ve otomotiv
i¢ giivenlik parcalar1 gibi diisiik agirlik ve verimli darbe azaltma gerektiren uygulamalar i¢in, malzeme
seciminin gyroid geometri tasarimiyla eslestirilmesi yoluyla performansin optimize edilebilecegini
vurgulamaktadir.

Anahtar Kelime: Katmanl imalat, Polimerik gyroid, TPMS kafes, Yiiksek sekil degistirme hizinda
basma, Split Hopkinson Basma Cubugu
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Abstract

Layer thickness—dependent improvements in specific energy absorption (SEA) and stress—strain plateau
behaviour under impact/impulsive loading are widely reported for porous architectures. Among triply
periodic minimal surface (TPMS) geometries, gyroid structures—owing to their smoothly curved
topology without sharp corners—suppress premature buckling triggers and offer stable crushing modes
and high energy-dissipation potential in polymer-based 3D-printed parts, especially at elevated strain
rates. In this study, the high strain-rate compressive responses of solid and gyroid cylindrical specimens
(15 mm diameter x 15 mm height) fabricated from PLA and ABS via fused deposition modelling (FDM)
were investigated using a Split Hopkinson Pressure Bar (SHPB). Tests were evaluated with the classical
three-wave method, accounting for bar—specimen wave interactions, and stress—strain curves, peak/yield
stress, plateau stress, fracture strain, and specific energy absorption per unit mass were obtained. The
findings indicate that, while solid specimens exhibit higher peak stress, gyroid specimens deliver a
smoother plateau and superior SEA due to progressive cell-wall buckling and crushing mechanisms.
Material-wise, PLA shows higher stiffness and peak stress but a greater propensity for early crack
initiation, whereas ABS exhibits more ductile collapse with a wider plastic deformation window.
Regardless of the base polymer, the gyroid topology displays pronounced rate sensitivity as the strain
rate increases. These results highlight that, for applications requiring low weight and efficient impact
mitigation—such as personal protective equipment, unmanned aerial vehicle components, and
automotive interior safety parts—performance can be optimised by matching material selection with
gyroid geometry design.

Keywords: dditive manufacturing; Polymeric gyroid; TPMS lattice; High strain-rate compression; Split
Hopkinson Pressure Bar (SHPB)
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Ozet

Eklemeli imalat teknolojilerinde proses parametrelerinin ergiyik havuz davranisi {izerindeki etkisinin
anlagilmasi, nihai iiriin kalitesinin artirilmasi agisindan kritik bir neme sahiptir. Bu ¢alismada, farkli
toz serimleri, lazer giicii ve tarama hizlarinin ergiyik havuz olusumu iizerindeki etkileri hesaplamali
akigkanlar dinamigi (HAD) tabanl sayisal simiilasyonlar ile incelenmis ve sonuglar deneysel verilerle
karsilagtirilmigtir. Simiilasyonlar FLOW-3D AM yazilimi kullanilarak gerceklestirilmis ve sivi—gaz
araylziinii dogru sekilde modelleyebilmek amaciyla Volume of Fluid (VOF) metodu uygulanmugtir.
Lazerin toz yatagi ile etkilesimini gercekei bicimde temsil edebilmek i¢in Ray Tracing yontemi
kullanilmis, ¢oklu yansima etkilerini hesaba katmak tizere Fresnel Reflection modeli entegre edilmistir.
Ayrica ergime—katilagsma faz degisimleri dikkate alinarak malzemenin termal davranigi modellenmis,
ylizey gerilimi etkisi de simiilasyonlarda hesaba katilmigtir. Boylece, lazerle toz yatagi ergime siirecinde
ortaya ¢ikan karmasik akis ve 1s1 transferi mekanizmalar1 ayrintili sekilde ¢oziimlenmistir. Elde edilen
simiilasyon ve deney sonuglari, lazer giicii ve tarama hizindaki degisimlerin ergiyik havuzun boyutu ve
geometrisi iizerinde belirleyici oldugunu gostermektedir. Benzer sekilde, toz serim kalinliginin da
ergiyik havuz derinligi ve katilasma bolgesinin boyutunu etkiledigi gorilmiistiir. Bu bulgular, proses
parametrelerinin dogru se¢iminin, istenilen mikroyapi ve mekanik 6zelliklere sahip iiriinlerin {iretiminde

kritik rol oynadigin1 gostermistir.

Anahtar Kelime: Lazer toz yatagi ergitme, Ergiyik havuz dinamikleri, Hesaplamali akigkanlar
dinamigi, FLOW-3D AM, Hacimsel akiskan metodu (VOF), Isin takibi (Ray tracing)
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Abstract

Understanding the influence of process parameters on melt pool behaviour in additive manufacturing
technologies is of critical importance for improving the quality of the final product. In this study, the
effects of different powder layer thicknesses, laser power, and scanning speeds on melt pool formation
were investigated through computational fluid dynamics (CFD)-based numerical simulations and results
compared with experimental data. The simulations were performed using the FLOW-3D AM software,
where the Volume of Fluid (VOF) method was applied to accurately capture the liquid—gas interface.
To realistically represent the interaction between the laser and the powder bed, the Ray Tracing approach
was employed, and the Fresnel Reflection model was integrated to account for multiple reflection
effects. Furthermore, melting—solidification phase transitions were considered to model the thermal
behaviour of the material, while surface tension effects were also incorporated into the simulations. In
this way, the complex flow and heat transfer mechanisms that occur during the laser powder bed fusion
process were analysed in detail. The experimental and simulation results obtained so far demonstrate
that variations in laser power and scanning speed have a decisive impact on the size and geometry of
the melt pool. Similarly, powder layer thickness was found to affect both the melt pool depth and the
size of the solidified region. These findings highlight the critical role of selecting appropriate process
parameters to achieve desired microstructural features and mechanical properties in the manufactured

parts.

Keywords: Laser powder bed fusion (LPBF), Melt pool dynamics, Computational fluid dynamics
(CFD), FLOW-3D AM, Volume of Fluid (VOF), Ray tracing
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Ozet

Verimli radyasyon zirhlama malzemelerinin gelistirilmesi, iyonlastirici radyasyonun olumsuz etkilerini
azaltmak icin kritik 6neme sahiptir. Bu calismada, Dijital Isik Isleme (DLP) tabanli 3B baskinin
zirhlama uygulamalart i¢in iglevsel kompozitler iiretme potansiyeli aragtirilmistir. Fotopolimer
recineler, gama 1gin1 zayiflatma performansini artirmak i¢in dogal olarak olusan bir bor igeren mineral
olan kolemanit ile %0, %1, %2 ve %5 agirlik oranlarinda takviye edilmistir. Uretilen kompozitlerin
zirthlama verimliligi, bir Nal(Tl) (ORTEC® 905-4) dedektdrii kullanilarak 356, 662, 1173 ve 1333 keV
foton enerjilerinde degerlendirilmistir. Ayrica, kompozitlerin yapisal ve fizikokimyasal 6zellikleri SEM,
XRD, FTIR ve TG analizleriyle incelenmis, mekanik davranislari ise basing ve cekme dayanima testleri
ile degerlendirilmistir. Sonuglar, kolemanit icerigi ile gama 1511 emilim kapasitesi arasinda dogrudan
bir iliski oldugunu ve daha yiiksek yiiklemelerin zayiflatma performansini 6nemli 6l¢iide iyilestirdigini

ortaya koymustur.

Anahtar Kelimeler: DLP 3D Baski, Fotopolimer Kompozitler, Radyasyon Kalkani
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Abstract

The development of efficient radiation shielding materials is critical to mitigating the adverse effects of
ionizing radiation. In this study, the potential of Digital Light Processing (DLP)-based 3D printing to
produce functional composites for shielding applications was investigated. Photopolymer resins were
doped with colemanite, a naturally occurring boron-containing mineral, at 0, 1, 2, and 5 wt% to improve
gamma-ray attenuation performance. The shielding efficiency of the produced composites was
evaluated at photon energies of 356, 662, 1173, and 1333 keV using a Nal(Tl) (ORTEC® 905-4)
detector. In addition, the structural and physicochemical properties of the composites were investigated
by SEM, XRD, FTIR, and TG analyses, while their mechanical behavior was evaluated by compressive
and tensile strength tests. The results revealed a direct relationship between colemanite content and
gamma-ray absorption capacity, with higher loadings significantly improving attenuation performance.

Keywords: DLP 3D Printing, Photopolymer Composites, Radiation Shielding
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Ozet

Tek bir bilesen icerisinde birden fazla metalik malzemenin biitiinlestirilmesi, eklemeli imalat (EI)
alanindaki en onemli gelismelerden birini temsil etmektedir. Bu yaklasim, farkli termal, mekanik ve
fonksiyonel o6zelliklerin bir arada kullanilabilmesine olanak saglayarak, geleneksel imalat veya
birlestirme yontemleriyle elde edilmesi zor olan ¢6ziimleri miimkiin kilmaktadir. Geleneksel yontemler
cogunlukla kaynak, lehimleme veya mekanik baglama gibi tekniklere dayanmakta olup, bu siiregler
zayif ara yiizeylerin olusmasina, artik gerilmelere veya geometrik karmagikliklara neden olabilmektedir.
Buna karsilik, 6zellikle lazer yonlendirmeli enerji biriktirme (laser-DED) gibi El siirecleri, goklu
malzeme yapilarinin tek adimda nete yakin sekillendirilmesini miimkiin kilarak tasarim esnekligi ve
azalmis islem gereksinimleri sunmaktadir.

Bu avantajlara ragmen, giivenilir coklu malzeme sistemlerinin iiretilmesi cesitli zorluklar
barindirmaktadir. Kimyasal uyumsuzluklar, gevrek ara metalik veya karbiir fazlarinin olusumu ve ara
yiizeylerdeki 6zellik uyumsuzluklar: bu zorluklara 6rnektir. Paslanmaz ¢elik—Inconel ve kobalt esasli
alagimlar {izerinde yapilan son arastirmalar, {iretilmis ¢oklu malzeme bdlgelerinin, tek malzemeli
muadillerine kiyasla mekanik performans agisindan zayif olabilecegini gdstermistir. Bununla birlikte,
bilesim optimizasyonu ve 1s1l iglem gibi 6zellestirilmis son islem yontemlerindeki gelismeler, siinek
fazlarin stabilize edilmesi, mikro yapilarin iyilestirilmesi ve mekanik biitiinliigliin yeniden

kazanilabilmesi agisindan 6nemli potansiyeller ortaya koymustur.

Bu bulgular, ¢oklu malzeme El’in basarili bir sekilde uygulanmasinm, mikro yapisal evrimin, faz
kararliliginin ve ara yiizey davraniginin anlasilmasina baglh oldugunu vurgulamaktadir. Bu zorluklarin
asilmasiyla birlikte, goklu malzeme Ei; havacilik, enerji ve yiiksek performans gerektiren miihendislik
sistemlerinde doniistiiriicii uygulamalarin Oniinii acarak, entegre islevsellige, tistiin dayanikliliga ve esi
benzeri goriilmemis tasarim 6zgiirliigiine sahip bilesenlerin tiretilmesine imkan taniyacaktir. Endiistriyel
acidan bakildiginda, bu ilerlemeler; havacilikta gelismis termal dirence sahip fonksiyonel kademeli
tirbin kanatlarinin, enerji sektoriinde alagimin bolgesel olarak optimize edildigi yiiksek verimli 1s1
degistiricilerinin ve imalat endiistrilerinde asinmaya dayanikli, hafif takim sistemlerinin iiretiminin

Oniinii agmaktadir.

Anahtar Kelimeler: Coklu malzeme eklemeli imalat, Lazer yonlendirmeli enerji biriktirme (Laser-
DED), Mikro yapisal evrim, Mekanik performans, Ara yiizey biitiinliigii, Faz kararlilig:.
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Abstract

The integration of multiple metallic materials within a single component represents one of the most
significant advancements in additive manufacturing (AM), providing pathways to combine distinct
thermal, mechanical, and functional properties that are otherwise challenging to achieve through
conventionally. Traditional methods often rely on welding, brazing, or mechanical fastening, which can
introduce weak interfaces, residual stresses, or limitations in geometric complexity. In contrast, AM
processes—particularly laser directed energy deposition (laser-DED)—enable near-net-shape
fabrication of multi-material structures in a single step, offering design flexibility and reduced

processing requirements.

Despite these advantages, fabricating reliable multi-material systems presents unique challenges,
including chemical incompatibilities, the formation of brittle intermetallic or carbide-rich phases, and
property mismatches across interfaces. Recent investigations on stainless steel-Inconel and cobalt-based
alloys have shown that as-fabricated multi-material regions can suffer from degraded mechanical
performance compared to their single-material counterparts. However, advancements in composition
optimization and tailored post-processing, such as heat treatment, have demonstrated the potential to
stabilize ductile phases, refine microstructures, and restore mechanical integrity.

These findings emphasize that successful adoption of multi-material AM relies on understanding
microstructural evolution, phase stability, and interfacial behavior. By overcoming these challenges,
multi-material AM can unlock transformative applications in aerospace, energy, and high-performance
engineering systems, enabling components with integrated functionality, superior durability, and
unprecedented design freedom. From an industrial perspective, these advancements open pathways for
the fabrication of functionally graded turbine blades with enhanced thermal resistance in aerospace,
high-efficiency heat exchangers with site-specific alloying in the energy sector, and wear-resistant,
lightweight tooling systems in manufacturing industries.

Keywords: Multi-material additive manufacturing, Laser directed energy deposition (Laser-DED),
Microstructural evolution, Mechanical performance, Interfacial integrity, Phase stability.

65

—
| —


mailto:gizemdinc@sdu.edu.tr

e
_IMEIT '25

KAPASITIF MIKROISLENMIS ULTRASONIK CEVIRGEC (KMUC) URETIMINDE
KULLANILAN LTCC ALTTAS

Fikret YILDIZ

Sivas Bilim ve Teknoloji Universitesi, Ugak Miihendisligi Béliimii, Sivas, Tiirkiye,
fyildiz@sivas.edu.tr

Ozet

Kapasitif Mikroislenmis Ultrasonik Transdiiser (cevirgeg) (CMUT- Capacitive Micromachined
Ultrasonic Transducer), mikro elektro mekanik sistem (MEMS) teknolojisini kullanan gelismis bir
ultrasonik doniistiiriicti teknolojisidir. Kapasitif Mikroislenmis Ultrasonik Cevirge¢ (kMUC)’in yapisi,
bir oyuk tizerinde askiya alinmis mikro islenmis bir diyafram (zar), sabit bir alt elektrot ve bir iist
elektrottan olusur. Diyafram malzemesi olarak cogunlukla silisyum kullanilmaktadir. kMUC iiretiminde
ylizey isleme ve wafer (gofret) yapistirma yontemleri kullanilmaktadir. Gofret yapistirma yontemleri
arasinda da anodik yapistirma yontemi (cam alttas-silisyum alttag), diigiik sicaklik isleme uyumlulugu
nedeniyle kMUC’larin ve farkli MEMS c¢iplerin (cihazlarin) iiretimi ve paketlenmesi (elektronik
entegrasyon) proseslerinde sikca tercih edilen bir yontemdir. Literatiirde cam alttasa alternatif olarak,
LTCC (Low Temperature Co-Fired Ceramic- Diisiik sicaklikta pigirilmis seramik) alttasin LTCC-
Silisyum arasindaki anodik yapistirma prosesi i¢in iyl malzeme Ozelliklerine sahip olmasi nedeniyle
mikro-elektro-mekanik sistemler (MEMS) uygulamalar1 ve 3D kompakt cihazlarin paketlenmesi igin
umut vadeden bir malzeme oldugu gosterilmistir. LTCC alttagin yogunlugu, young modiilii ve termal
genisleme katsayisi cam alttasa yakin ozellik gostermektedir ve bu nedenle Silisyum ile anodik
yapistirma prosesi i¢in uygundur. Bu c¢alismada, metal i¢ baglantilara ve “yesil levha (green sheet)”
olarak bilinen seramik tozu ile cam tozunun karigimindan yapilmis bir alt tabaka olan LTCC alttag
kullanilarak farkli uygulamalar i¢in gelistirilen kMUC cihazlarindan bahsedilecektir. Ayrica, kMUC
iretimi i¢in LTCC alttagin avantajlari/dezavantajlari, LTCC alttas ve kMUC iiretiminde karsilasilan
zorluklar ve gelecek galigmalarla ilgili 6nerilerden bahsedilecektir.

Anahtar Kelime: CMUT, LTCC, MEMS, anodik yapistirma,
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CAPACITIVE MICROMACHINED ULTRASONIC TRANSDUCERS (CMUT)
USING LOW TEMPERATURE CO-FIRED CERAMIC (LTCC ) SUBSRATE

Fikret YILDIZ

Sivas University of Science and Technology, Department of Aeronautical Engineering, Sivas, Turkiye,
fyildiz@sivas.edu.tr

Abstract

The Capacitive Micromachined Ultrasonic Transducers (CMUTs) is an advanced ultrasonic transducer
technology based on Microelectromechanical systems (MEMS) technology. The structure of the CMUT
consists of a micromachined diaphragm (membrane) suspended over a cavity, a fixed bottom electrode,
and a top electrode. Silicon is commonly used diaphragm material of CMUT. In CMUT fabrication,
surface micromachining and wafer bonding are commonly used methods. Among the wafer bonding
methods, anodic bonding (between a glass substrate-a silicon substrate) is often preferred in the
fabrication and packaging (electronic integration) processes of CMUTs and various MEMS chips
(devices) due to its compatibility with low-temperature processing. In the literature, as an alternative to
glass substrates, Low Temperature Co-Fired Ceramic (LTCC) has been shown to be a promising
material for Microelectromechanical systems (MEMS) applications and for packaging of 3D compact
devices due to its material properties for the anodic bonding process between LTCC and silicon. The
density, Young's modulus, and coefficient of thermal expansion of LTCC substrates are similar to those
of glass substrates, which makes them suitable for the anodic bonding process with silicon. In this study,
CMUT devices on LTCC substrate that includes a mixture of ceramic powder and glass powder known
as “green sheets” and internal metal interconnections developed for different applications will be
discussed. Moreover, the advantages/disadvantages of LTCC substrates for CMUT fabrication,
difficulties related with the fabrication process of LTCC substrates and CMUTs, and future works will
be discussed.

Keywords: CMUT, LTCC, MEMS, anodic bonding.
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SERAMIK BALPETEGI YAPILARIN EGILME DAYANIMLARININ
INCELENMESI
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Ozet

Ileri seramiklerin geleneksel yontemlerle karmasik geometrilerde iiretiminde yasanan zorluklar, bu
malzemelerin bir¢ok uygulama alani i¢in kullanimim sinirlandirmaktadir. Ancak, ileri seramik 3D
yazici teknolojisi, ileri seramiklerin sekillendirilmesi i¢in ¢6ziim sunmakta, pahali takim ve kaliplar
gerektirmeksizin, ozellestirilmis ve tasarim esnekligi yiiksek ii¢ boyutlu seramik pargalarin elde
edilebilmesine olanak saglamaktadir. Bu ¢alismada, stereolitografi (SLA) esasli 3D seramik yazici
teknolojisi kullanilarak iiretilen, farkli hiicresel geometrilere (daire ve liggen) sahip ZrO: bal petegi
sandvi¢ yapilarin yogunlugu, elastik modiilii ve egilme dayanimi incelenmistir. 3D seramik yazici
kullanilarak tiretilen numunelerin baglayici uzaklastirma islemi 615°C’ye kadar kademeli olarak azot
atmosferinde, sinterleme islemi ise 1450°C’de basingsiz hava ortaminda gerceklestirilmistir. Sinterleme
sonrast numunelerin elastik modiilleri rezonans frekans yontemi, egilme dayanimlari ti¢ nokta egme
testi ve yogunluklari Arsimet metoduyla belirlenmistir. Sonuglar degerlendirildiginde, tiggen
geometriye sahip bal petegi sandvi¢ numunelerin yogunlugunun (%53,84+0,9) daire geometrili
(%51,8+0,9) numunelerden daha yiiksek oldugu tespit edilmistir. Ayrica mekanik test sonuglarinda da
ayni durum gozlenmis ve liggen geometrili yapilarin elastik modiil ve egilme dayanimlarinin (122 GPa,
398+73 MPa) daire geometrili yapilara (116 GPa, 304+55 MPa) kiyasla daha yiiksek degerlere sahip
oldugu ortaya konulmustur. Elde edilen deneysel verilerden dairesel geometriye sahip bal petegi sandvig
yapilarin, iiggen geometrili forma sahip numunelerden daha diisiik dayanim sergiledigi goriilmustiir.
Sonug olarak bu calisma, SLA esasli eklemeli imalat yontemiyle {iretilen liggen geometrili ZrO, bal
petegi yapilarin, 6zellikle hafifligin 6n planda oldugu uygulamalar i¢in bir alternatif olabilecegini

gOstermistir.

Anahtar Kelime: ZrO,, SLA, bal petegi yapilar, egilme dayanimu.
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Abstract

The difficulties in producing complex-shaped parts of advanced ceramics through conventional methods
limit their use in applications requiring customizable designs. However, advanced ceramic 3D printing
technology provides a solution for shaping advanced ceramics, enabling the production of customized,
highly design-flexible three-dimensional ceramic parts without the need for expensive tools and molds.
In this study, the density, elastic modulus, and flexural strength of ZrO; honeycomb sandwich structures
with different cellular geometries (circular and triangular), produced using stereolithography (SLA)-
based 3D ceramic printing technology, were investigated. The binder removal of the samples produced
using a 3D ceramic printer was performed gradually up to 615°C in a nitrogen atmosphere, while the
sintering process was carried out at 1450°C in a pressureless air environment. After sintering, the elastic
modulus of the samples were determined by the resonance frequency method, their flexural strengths
by three-point bending tests, and their densities by the Archimedes method. According to the results,
honeycomb sandwich samples with triangular geometry exhibited a higher density (53.8 %=+0.9)
compared to those with circular geometry (51.8%= 0.9). Moreover, the mechanical test results showed
the similar trend, with the triangular-geometry structures exhibiting higher elastic modulus and flexural
strength (122 GPa and 398 +73 MPa) compared to the circular-geometry structures (116 GPa and
304 £ 55 MPa). The experimental results revealed that honeycomb sandwich structures with circular
geometry demonstrated lower strength than those with triangular geometry. Consequently, this study
demonstrated that triangular-geometry ZrO2 honeycomb structures produced using SLA-based additive
manufacturing could serve as a promising alternative, particularly for applications where lightweight
design is a priority.

Keywords: ZrO,, SLA, honeycomb structure, flexural strength.
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HAFIF VE FONKSIYONEL YAPILAR iCIN NITINOL-TABANLI GYROID
ORGULERIN SAYISAL DEGERLENDIRMESI
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Ozet

Giliniimiiz mithendisliginin temel gerekliligi, 6zellikle biyomedikal implantlar, darbe emici sistemler ve
titresim soniimleyiciler gibi kritik uygulamalar i¢in hafiflik, yiliksek 6zgiil dayanim ve sekil hafiza etkisi
gibi coklu fonksiyonlar1 birlestiren yenilik¢i malzemelerdir. Bu baglamda, ii¢ boyutlu kafes yapi
metamalzemeler ile siiperelastik 6zelliklere sahip Nitinol (NiTi) alagimlarinin entegrasyonu, dne ¢ikan
bir arastirma alanidir. Bu c¢alismada, periyodik geometrisi ve yiiksek enerji absorpsiyon potansiyeli
nedeniyle 6ne cikan Gyroid orgii yapilari, Nitinol malzeme modeli kullanilarak sayisal olarak
incelenmistir. Metodoloji kapsaminda, 10 mm birim hiicreden yola ¢ikilarak 1x1x1, 2x2x2 ve 3x3x3
boyutlarinda 6rgii yapilart olusturulmustur. %7,3-7,7 nominal gerinim seviyesine (3x3x3 orgil igin
2,4 mm deplasman) kadar uygulanan Sonlu Elemanlar Analizleri (SEA) ile Kuvvet-Deplasman egrileri,
Sekil Degistirme Enerjisi ve Esdeger Gerilme g¢iktilar1 karsilastirmali olarak incelenmistir. Analizler
sonucunda, tiim yiikleme dongiileri sonunda %99’un {izerinde geri kazanilabilir deformasyon elde
edildigi ve Nitinol'iin tipik martensitik faz doniisiimiinii yansitan belirgin plato bolgelerine sahip genis
histerezis dongiileri gdzlenmistir. Yapisal boyutlarin etkisini ortaya koyan ana bulgu, enerji soniimleme
kapasitesinin 6rgii hacmiyle dogrudan orantili bir artis gostermesidir: 3x3x3 6rgii (27 hiicre), 1x1x1
orgiiye gore 27 kat daha biiyilk hacme sahip olmasina ragmen, bir histerezis dongiisiindeki enerji
soniimleme kapasitesi ~32 kat artmistir. Bu bulgu, birim hacim basina enerji soniimleme verimliliginin
boyutla birlikte arttigin1 kanitlamakta ve bu kompozit yapilarin dlgeklendirilebilirligi konusunda giiglii
bir gdsterge sunmaktadir. Ote yandan, ayn1 gerinim altinda, 3x3x3 drgiideki maksimum esdeger gerilme
degeri, 1x1x1 yapiya kiyasla yaklagik olarak %58,4 azalmis olup, 10143 MPa’dan 4221 MPa’ya
diismiistiir. Bu bulgular, Nitinol malzemesi ile olusturulan Gyroid 6rgiilerinin hem enerji séniimleme
performansinin hem de yapisal biitiinliigiiniin tasarim boyutu ile dogrudan ve ongoriilebilir sekilde

kontrol edilebilecegini kanitlamaktadir.

Anahtar Kelime: Metamalzeme, gyroid, nitinol, siiperelastisite, sonlu elemanlar yontemi, enerji
absorpsiyonu.
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NUMERICAL EVALUATION OF NITINOL-BASED GYROID LATTICES FOR
LIGHTWEIGHT AND FUNCTIONAL STRUCTURES

Gulcan AYDIN

Department of Physics, Kocaeli University, Kocaeli 41001, Turkey, gulcan.aydin@kocacli.edu.tr

Abstract

The core requirement of modern engineering necessitates innovative materials that integrate multiple
functionalities, such as lightweight, high specific strength, and shape memory effects, for critical
applications including biomedical implants, impact absorbers, and vibration dampers. In this context,
the integration of three-dimensional lattice metamaterials with superelastic Nitinol (NiTi) alloys
constitutes a prominent research area. This study numerically investigates Gyroid lattice structures,
which are noted for their periodic geometry and high potential for energy absorption, utilizing a Nitinol
material. As part of the methodology, lattice structures sized 1x1x1, 2x2x2 and 3x3x3 were
constructed, originating from a 10 mm unit cell. Finite Element Analyses (FEA) were conducted up to
7.3-7.7% maximum strain level (2.4 mm displacement for the 3x3x3 lattice), involving the comparative
examination of Force-Displacement curves, Strain Energy, and Equivalent Stress outputs. The analyses
revealed large hysteresis loops with distinct plateau regions, reflecting the typical martensitic phase
transformation of Nitinol. Numerical results demonstrated over 99% recoverable deformation upon
completion of all loading cycles, indicating negligible permanent deformation. The principal finding
elucidating the effect of structural dimensions is a positive scaling effect: the energy dissipation capacity
increased at a rate that surpassed the increase in lattice volume. Specifically, while the 3x3x3 lattice (27
cells) has 27 times the volume of the 1x1x1 lattice, its energy dissipation capacity per hysteresis cycle
increased by approximately 32 times. This result proves that the energy dissipation efficiency per unit
volume actually improves with size, providing a strong foundation for the scalability of these composite
structures. Furthermore, at the same strain, the maximum equivalent stress value in the 3x3x3 lattice
decreased by approximately 58.4% compared to the 1x1x1 structure, falling from ~10143 MPa to ~4221
MPa. These findings substantiate that both the energy dissipation performance and structural integrity
of Gyroid lattices constructed with Nitinol material can be directly and predictably controlled by the
design dimension.

Keywords: Metamaterial, gyroid, nitinol, superelasticity, finite element modelling, energy absorption.
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Ozet

Geleneksel inis takimi kapak kilit mekanizmalari, hidrolik ve elektromekanik sistemlere dayanir; ancak
bu sistemler, yapisal karmagsiklik, yiiksek agirlik ve artan ariza riski gibi ciddi dezavantajlara sahiptir.
Bu durum, 6zellikle agirlik ve hacim kisitlarinmin kritik oldugu insansiz hava araglar1 (IHA) gibi modern
platformlarda verimliligi ve operasyonel giivenilirligi diisiirmektedir. Bu ¢aligma, bu sorunlara ¢6ziim
olarak, Sekil Hafizali Alasim (SHA) tahrikli, kanca tipi yeni ve 6zgiin bir kapak kilit mekanizmasinin
tasarimini, optimizasyonunu ve deneysel dogrulamasini sunmaktadir. Literatiirde geleneksel kapak kilit
sistemlerinin toplam agirlig1 iizerine yeterince sayisal bir veri bulunmamasina ragmen, bu sistemlerin
kapak kilit mekanizmasi, hidrolik borulama hatlari, valfler ve sensorler gibi ¢ok sayida bilesenden
olustugu bilinmektedir. Buna karsin, 6nerilen mekanizmanin sadece elektriksel aktivasyonu, minimum
saylda eleman iceren kompakt ve kendiliginden kilitlenen tasarimi sayesinde ciddi bir agirlik kazanimi

saglayacag1 ongoriilmektedir.

Gelistirilen mekanizma, NiTi-esasli bir SHA yaymin Joule 1sitmasi ile aktif olarak kilit agma islemini
gerceklestirirken, kilitlenmeyi on yiiklii germe yaylan araciligtyla pasif ve otomatik olarak saglar. Bu
dual-fonksiyonlu tasarim, az sayida hareketli parca icermesi ve kilitli kalmak igin siirekli gii¢
gerektirmemesi sayesinde hem giivenilirligi artirir hem de énemli bir enerji verimliligi sunar. Katmanh
imalat ile tiretilen prototipin performans testlerinde 15 saniyelik bir aktivasyon siiresi elde edilmistir.
Mekanizmanin yeniden kurulum (kapanma) siiresi de yine 15 saniye olarak ol¢iilmiistiir; bu degerin,
geleneksel bir sistemin yaklagik 11 saniyelik operasyon siiresiyle karsilastirildiginda aradaki farkin
azlhigi, gelistirilen sistemin giiglii bir alternatif oldugunu desteklemektedir. Ayrica, prototipteki bu
aktivasyon siiresinin, alasim kompozisyonunun degistirilmesi ve uygulanan elektriksel giiciin
artirilmasiyla 5-10 saniye araligina indirilebilecegi ve bdylece anlik tahrik kabiliyetiyle rakip sistemlere
daha da giiglii bir alternatif sunabilecegi diisiiniilmektedir. Ek olarak, SHA elemaninin kolayca
degistirilebilir olmasi bakim kolayligi saglamaktadir. Sonug¢ olarak bu ¢alisma, SHA tabanli
aktiiatorlerin; agirlik, potansiyel aktivasyon hizi, mekanik basitlik ve bakim kolayligr gibi kritik
metriklerde geleneksel sistemlere gore listlin ve enerji verimli bir alternatif oldugunu kanitlamaktadir.

Anahtar Kelime: Sekil Hafizali Alasimlar (SHA), NiTi Yaylar, Akilli Malzemeler, Ucak Inis Takimi,
Kanca Kilit Mekanizmasi, Kompakt Aktiiator.
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Abstract

Conventional landing gear door locking mechanisms rely on hydraulic and electromechanical systems;
however, these systems have significant disadvantages in terms of efficiency and cost due to their
structural complexity, high weight, and increased risk of failure. This situation reduces efficiency and
operational reliability, especially on modern platforms like unmanned aerial vehicles (UAVs) where
weight and volume constraints are critical. As a solution to these problems, this study presents the
design, optimization, and experimental validation of a novel and original hook-type door lock
mechanism driven by a Shape Memory Alloy (SMA). Although sufficient numerical data on the total
weight of conventional door lock systems is not available in the literature, it is known that these systems
consist of numerous components such as the lock mechanism, hydraulic piping lines, valves, and
sensors. In contrast, it is envisaged that the proposed mechanism will provide significant weight savings
thanks to its electrical-only activation, compact design with minimal components, and self-locking

feature.

The developed mechanism actively performs the unlocking action through Joule heating of a NiTi-based
SMA spring, while locking is achieved passively and automatically via preloaded tension springs. This
dual-function design enhances reliability and offers significant energy efficiency by not requiring
continuous power to remain locked. Performance tests on the additively manufactured prototype have
demonstrated an activation time of 15 seconds. The mechanism's reset (closing) time was also measured
at 15 seconds; when compared to the approximately 11-second operational time of a conventional
system, the small difference supports that the developed system is a strong alternative. Furthermore, it
is considered that this activation time can be reduced to the 5-10 second range by changing the alloy
composition and increasing the applied electrical power, thus offering a more potent alternative to rival
systems with its instantaneous actuation capability. Additionally, the ease of replacing the SMA element
provides maintenance advantages. In conclusion, this study proves that SMA-based actuators are a
superior and energy-efficient alternative to conventional systems across critical metrics such as weight,
potential activation speed, mechanical simplicity, and ease of maintenance.

Keywords: Shape Memory Alloys (SMA), NiTi Springs, Smart Materials, Aircraft Landing Gear, Hook
Lock Mechanism, Compact Actuator.
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Ozet

Terahertz (THz) bandi (0.1-10 THz); spektroskopi, goriintiileme, algilama ve kablosuz iletisim gibi
alanlarda gelecek vadeden bir pencere olarak 6ne ¢ikmaktadir. Buna karsilik geleneksel dalga kilavuzu
teknolojileri, malzeme emilimi ve egim hassasiyeti nedeniyle yiiksek iletim kayiplariyla karsi
karsiyadir. Bu calismada ozellikle THz dalga iletimi i¢in optimize edilmis bosluklu g¢ekirdekli
antirezonans negatif egrilikli dalga kilavuzlarinin (ARNCWs) tasarim, sayisal analiz, liretim ve
karakterizasyonunu sunuyoruz.

Biri sekiz tlip konfiglirasyonuna dayal, digeri ek bir i¢ halka yapist iceren iki ayri geometri
incelenmistir. Her iki tasarim da antirezonans yansimalari ve kilavuzlanan modun geometrik
izolasyonuna olanak tantyan negatif egrilik sinirlamalarina sahip, birbirine temas etmeyen dairesel kilcal
tiipler tarafindan sarili merkezi bir hava ¢ekirdeginden yararlanmaktadir. Sonlu elemanlar yontemine
(FEM) dayali COMSOL Multiphysics simiilasyonlar1 kullanilarak 0.1-1 THz frekans araligindaki mod
sinirlamasi, dagilma ozellikleri ve iletim performansi hesaplanmustir. I¢ halkamin dahil edilmesiyle
yiiksek mertebeli modlarin daha da bastirildigi ve sinirlama kayiplarinin azaltilldigi, boylece tek mod
isleminin ve spektral safligin iyilestirildigi gosterilmistir. Kilcal duvar kalinliklar1 ve ¢ekirdek ¢ap1 gibi
yapisal faktorler, performansi optimize etmek amaciyla parametrik olarak calisilmistir. En iyi
performansa sahip geometri Stereolitografi (SLA) tabanli eklemeli imalat teknolojisi kullanilarak
iiretilmisgtir. Son olarak firetilen ARNCW’lar Terahertz Time-Domain Spectroscopy (THz-TDS)
sisteminde karakterize edilmistir.

Sonuglar, dikkatli bir sekilde tasarlanan geometrilerin uygulamali THz sistemleri i¢in uyumlu, diisiik
kayipli ve genis banthi ¢alisma kosullarma ulasilabilecegini gostermektedir. Bu g¢alisma yapisal
degisikliklerin mod davranisi {izerine etkisi hakkinda fikir vermekte, ayrica verimli ve kompakt bir THz
dalga kilavuzunun {iretimine yonelik bir tasarim yaklasimi dnermektedir. Bulgular ARNCW tabanli
THz bilesenlerinin teorik temeline ve uygulamaya yonelik gelistirilmelerine katkida bulunmaktadir.

Anahtar Kelimeler: Terahertz, SLA imalati, Dalga kilavuzlari, Antirezonans kilavuzlama, Negatif
egrilikli fiber, Mod sinirlamasi.
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Abstract

The terahertz (THz) band (0.1-10 THz) has emerged as a promising window for applications in
spectroscopy, imaging, sensing, and wireless communication. However, conventional waveguide
technologies suffer from high transmission losses due to material absorption and bending sensitivity. In
this study, we present the design, numerical analysis, fabrication and characterization of hollow-core
antiresonant negative curvature waveguides (ARNCWs) specifically optimized for THz wave

transmission.

Two distinct geometries are investigated; one based on an eight-tube configuration and another
incorporating an additional inner ring structure. Both designs utilize non-touching circular capillaries
with negative curvature boundaries surrounding a central air core, enabling antiresonant reflection and
geometric isolation of the guided mode. Using finite element method (FEM) simulations in COMSOL
Multiphysics, we evaluate mode confinement, dispersion characteristics, and transmission performance
across the 0.1-1 THz frequency range. The inclusion of the inner ring is shown to further suppress
higher-order modes and reduce confinement loss, enhancing single-mode operation and spectral
uniformity. Structural parameters such as capillary wall thickness and core diameter are parametrically
studied to optimize performance. The geometry that has the best performane is fabricated utilizing
Stereolithography (SLA) additive manufacturing technology. Finally, the fabricated ARNCWs are
characterized in Terahertz Time-Domain Spectroscopy (THz-TDS) system.

Results indicate that carefully engineered geometries can achieve low-loss, broadband operation suitable
for practical THz systems. This study provides insight into the impact of structural modifications on
modal behavior and offers a design framework for fabricating efficient, compact THz waveguides. The
findings contribute to both the theoretical understanding and practical advancement of ARNCW -based
THz components.

Keywords: Terahertz, SLA fabrication, Waveguides, Antiresonant guidance, Negative curvature fiber,
Mode confinement.
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Ozet

Sekil hafizali alasimlar (SMA), geri doniislii martenzitik faz doniisiimleri sayesinde siiperelastisite ve
yiiksek enerji sonliimleme &zellikleri sergileyen fonksiyonel malzemeler olarak ileri miithendislik ve
biyomedikal uygulamalarda biiyiik ilgi gérmektedir. Bu alagimlarin mikroyap1 ve mekanik davranislari,
uygulanan iiretim yontemleri ve 1sil islem kosullarma dogrudan baghdir. Literatiirde dongiisel 1sil
islemlerle elde edilmis Co—Cr—Al-Si (CCAS) alasimun potansiyeli sergilenmis olup, bu calismada
alagimin polikristal formu ele alinmis ve farkli 1sil islemlerin mikroyapi, mekanik ozellikler ve
stiperelastisite iizerindeki etkileri incelenmistir. Argon atmosferinde indiiksiyon ergitme yOntemiyle
tiretilen silindirik CCAS ingotlar, 1000, 1100 ve 1200 °C’de {i¢ saat 1s1l isleme tabi tutulmus, ardindan
havada, suda veya buzlu suda sogutulmustur. Numuneler mikroyapisal olarak incelenemis; mekanik
davraniglar1 basma testleri, cevrimsel siiperelastisite deneyleri ve impuls uyarim yontemiyle belirlenen
elastik modiil 6l¢iimleriyle degerlendirilmistir. Sonuglar, sogutma tipinin mikroyapisal ve mekanik
performans {izerinde kritik rol oynadigimi gostermistir. Buzlu suda sogutulan numuneler tek fazli
Ostenitik yapiy1 korurken, 1200 °C’de 1s1l islemden sonra su ile sogutulan ve yaklasik 800—900 MPa
gerilme degerlerine ulasan siiperelastisite ve yiiksek enerji soniimleme kapasitesi sergilemistir. Yavas
sogutma ise ikincil faz olusumunu artirarak kirilganlig: yiikseltmistir. Ayrica, elastik modiil degerlerinin
hizli sogutma ile yaklasik %50 oraninda diistiigii gdzlenmis, bu da alagimin esnekligini artirmistir. Elde
edilen bulgular, polikristal CCAS alagiminda 1si1l islem ve sogutma parametrelerinin kontrollii
uygulanmasiyla ayarlanabilir mekanik ve fonksiyonel 6zellikler saglanabilecegini ortaya koymakta ve
alasimin geri doniislii sekil degistirme ile yiiksek soniimleme verimliligi gerektiren uygulamalar i¢in
onemli bir potansiyel sundugunu gostermektedir.

Anahtar Kelime: Seki hafizali alagim, Co-Cr-Al-Si, 1s1l igslem, soguma hizi, mikroyapi, siiperelastisite
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Abstract

Shape memory alloys (SMAs) are functional materials that exhibit superelasticity and high energy
dissipation through reversible martensitic transformations, making them attractive for advanced
engineering and biomedical applications. Their microstructure and mechanical response are strongly
dependent on processing and heat treatment conditions. In the literature, the potential of the Co—Cr—Al—
Si (CCAS) alloy obtained through cyclic heat treatments has been demonstrated. In this study, the
polycrystalline form of the alloy was investigated, and the effects of different heat treatments on the
microstructure, mechanical properties, and superelasticity were examined. Cylindrical CCAS ingots
were produced by induction melting under argon atmosphere, heat treated at 1000, 1100, and 1200 °C
for three hours, and subsequently quenched in air, water, or ice water. The samples were examined
microstructurally, and their mechanical behavior was evaluated through compression tests, cyclic
superelasticity experiments, and elastic modulus measurements determined using the impulse excitation
method. The results reveal that cooling type plays a decisive role in structural evolution and
performance. The samples quenched in ice water retained a single-phase austenitic structure, while those
water-quenched after heat treatment at 1200 °C exhibited superelasticity with stress levels reaching
approximately 800-900 MPa and demonstrated high energy dissipation capacity. Slow cooling
promoted secondary phase formation, increasing brittleness. Rapid quenching reduced the elastic
modulus by nearly 50%, indicating improved flexibility. Overall, the study demonstrates that controlled
heat treatment and cooling parameters allow tailoring of mechanical and functional properties in
polycrystalline CCAS alloys, highlighting their strong potential for applications requiring recoverable
deformation and efficient energy dissipation.

Keywords: Shape memory alloy, Co—Cr—Al-Si, heat treatment, cooling rate, microstructure,
superelasticity
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Ozet

Gonial implantlar, yiiz ve mandibular deformitelerin diizeltilmesinde, travma sonrasi hasarlarin
onariminda ve yiiz dengesini ile estetigini yeniden saglamaya yonelik uygulamalarda yaygin olarak
kullanilan 6nemli tibbi ¢oziimlerdir. Geleneksel olarak bu implantlar, standart ve dnceden iiretilmig
modeller kullanilarak cerrahi yontemlerle uygulanmaktadir; ancak bu yaklagimlar, ¢ogu zaman
bireylerin 0zgiin anatomik farkliliklarim1 yeterince karsilayamamaktadir. Katmanli imalat
teknolojilerinin ve tibbi goriintilleme ydntemlerinin gelismesiyle birlikte, hasta 6zelinde tasarimlar
miimkiin hale gelmis ve daha hassas, etkili tedavi sonuglari sunulmaya baglanmistir. Bu ¢alismada,
hastanin sag mandibula bolgesinde bulunan dogustan anatomik bir deformitenin diizeltilmesi i¢in kisiye
0zel bir gonial implant tasarlanmig ve {retilmistir. Yiiksek ¢oziiniirliikli bilgisayarli tomografi (BT)
goriintiileri elde edilerek kraniyofasiyal yapiya ait detayli anatomik veriler ¢ikarilmistir. Bu goriintiiler
Materialise Mimics yazilimi ile iglenmis, implant tasarimi ise Materialise 3-Matic bilgisayar destekli
tasarim araglart kullanilarak gergeklestirilmistir. Kisisellestirilmis implant, biyouyumlu Ti-6Al-4V
(Grade 23) tozlar1 kullanilarak, 15—45 pm boyut araliginda kiiresel morfolojiye sahip partikiiller ile
segici lazer ergitme (SLM) ydntemiyle iiretilmistir. Uretim siireci, boyutsal hassasiyet ve yiizey
detaylarim1 saglamak amaciyla 20 pm katman kalinhiginda gerceklestirilmis, ardindan ylizey
pliriizliliigiinii azaltmak ve biyouyumlulugu artirmak i¢in parlatma islemi uygulanmistir. Bu vaka
caligmasi, ileri goriintiileme teknikleri, CAD yazilimlar1 ve metal katmanli imalat teknolojilerinin
entegre edilerek fonksiyonel ve kisisellestirilmis tibbi implantlarin tiretilebilecegini ortaya koymakta ve
gelecekteki kraniyofasiyal rekonstriiktif uygulamalara yol gostermektedir.

Anahtar Kelimeler: Kisiye 6zel protez, Secici Lazer Ergitme, Eklemeli Uretim, Gonial Implant
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Abstract

Gonial implants are essential medical solutions widely used in the correction of facial and mandibular
deformities, the repair of post-traumatic injuries, and for aesthetic enhancements aimed at restoring
facial balance. Traditionally, these implants have been surgically applied using standardized and
premanufactured models, which often fail to address the unique anatomical variations of individual
patients. With the development of additive manufacturing technologies and medical imaging methods,
patient-specific designs have become feasible, offering more precise and effective treatment outcomes.
In this study, a personalized gonial implant was designed and manufactured to correct a congenital
anatomical deformity located in the patient’s right mandibular region. High-resolution computed
tomography (CT) images were acquired to capture detailed anatomical data of the craniofacial structure.
These images were processed and segmented using Materialise Mimics software, and the implant design
was completed with Materialise 3-Matic computer-aided design tools. The customized implant was
manufactured by selective laser melting (SLM) using biocompatible Ti-6Al-4V (grade 23) powders with
a spherical morphology and a size distribution of 15—45 um. The process was carried out with a 20 pm
layer thickness to ensure dimensional accuracy and surface detail. After production, the implant
underwent polishing to reduce surface roughness and improve biocompatibility. This case demonstrates
how advanced imaging, CAD software, and metal additive manufacturing can be integrated to produce
functional and personalized medical implants, highlighting the potential of such technologies for future

craniofacial reconstructive applications.

Keywords: Personalized prothesis, Selective Laser Melting, Additive Manufacturing, Gonial Implant
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Ozet

Eklemeli imalat, bir malzemenin katman katman eklenerek liretilmesi islemidir. Geleneksel {iretim
yontemlere gore, eklemeli imalat daha kisa siirede ve diisiik maliyet ile karmasik geometrideki
pargalarmn lretilmesi avantajina sahiptir. Eklemeli imalat yontemlerinden bir tanesi de plastik veya
seramiklerin tretiminde kullanilan, SLA (Stereolitografi) 3 boyutlu basim teknolojisidir. Bu islemde,
bir stereolitografi (SLA) cihazi, sivi regineyi (termoset ya da termoplastik) istenen geometriye
katilagtirmak igin kullanilir. Burada kullanilan yontem, sivi reginenin fotopolimerizasyon kaynakli
katilagmasina dayanir. Bir lazer, regine kabinda belirli bir derinlie yonlendirilerek lokal
polimerizasyonu saglar ve bdylelikle recinenin katilagmasiyla sonuglanir. Katilasma, 3 boyutlu kati bir
nesne olusana kadar katman katman devam eder. Regine, 151kla aydinlatildiginda hizla katilagsan bir sivi
olmalidir. Stereolitografide kullanilmak {izere gelistirilen ilk re¢ineler, foto-baslatmali polimerizasyon
ve capraz baglama ile camsi aglar olusturabilen diisitk molekiil agirlikli poliakrilat veya epoksi
oligomerlerden olugsmakta iken son yirmi yil igerisinde farkli birgok recine gelistirilmistir. Gelistirilen
recinelerin kiirlemeden sonra elde edilen 3 boyutlu ag yapisinin, farkli mekanik 6zellikleri sahip olmasi
sebebiyle genis bir kullanim alan1 mevcuttur. Stereolitografi ile iiretilen pargalarin 6zellikleri siirekli
gelismekte ve bu da onlarn yalnizca prototip olarak degil, ayn1 zamanda daha zorlu son kullanim
uygulamalari i¢in de islevsel pargalar olarak kullanilabilmesini saglamaktadir. Ornegin, yiiksek sicaklik
dayanimi gereken uygulamalar igin 250°C’ye kadar sicaklik dayanimi olan recineler gelistirilmistir.
360° biikiildigiinde bile kirllmayan, kopmadaki uzama degeri %70 olan yiiksek dayanimli asir1 esnek
recineler mithendislik uygulamalarinda kullanilmak iizere tasarlanmistir. Biyomedikal miithendisliginde
implantlarin tiretiminde, dental uygulamalarda, ilag salinim sistemlerinde, giyilebilir sensorlerde ve
doku miihendisliginde biyouyumlu reginelerin kullanilmasi yayginlagmaktadir. SLA ayrica seramik
parcalarin {iretimi igin de kullanilir. Seramik parcaciklar (6rnegin allimina tozu) stereolitografi
recinesinde homojen bir sekilde disperse edilir ve SLA ile foto polimerlestirilir. Seramik bazli reginenin
islenmesi, seramik tozu icermesi nedeniyle daha zordur, ¢iinkii re¢inenin viskozitesi seramik tozu
eklendik¢e onemli olglide artar. Ayrica, pargalarin dogru bir sekilde hazirlamasi i¢in seramik tozu
pargacik boyutunun basim siirecindeki katman kalinligindan daha kiiciik olmas1 gereklidir. Seramik
stereolitografi en yiiksek ¢oziiniirliigii sahip olmakla birlikte, liretim siiresi nispeten uzundur. Hibrit
sistemlerin kullanilmasi ile bu problemin ¢dziilebilecegi ongoriildiigiinden hibrit sistemler iizerine arge
caligmalar1 devam etmektedir. 3D basim isleminin, ardindan kompozit yapidaki polimer yakilir ve geri

kalan kisim sinterlenerek nihai seramik parganin iiretimi gergeklestirilir.

Anahtar Kelime: Regine teknolojisi, UV kiirlenme, Fotopolimerizasyon, Termoset recineler
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Abstract

Additive manufacturing is the process of building a material layer by layer. Compared to traditional
manufacturing methods, additive manufacturing offers the advantage of producing parts with complex
geometries in less time and at lower cost. Among additive manufacturing techniques, one widely
employed for the fabrication of plastics and ceramics is stereolithography (SLA), a three-dimensional
printing technology based on photopolymerization. In this process, a stereolithography (SLA) device is
used to solidify a liquid resin (thermoset or thermoplastic) into the desired geometry. The method used
here is based on photopolymerization-induced solidification of the liquid resin. A laser is directed to a
specific depth within the resin container, causing local polymerization, resulting in the solidification of
the resin. Solidification continues layer by layer until a solid 3D object is formed. The resin must be a
liquid that solidifies rapidly when illuminated with light. The first resins developed for use in
stereolithography consisted of low-molecular-weight polyacrylate or epoxy oligomers capable of
forming glassy networks through photo-initiated polymerization and cross-linking. Over the past two
decades, many different resins have been developed. The three-dimensional network structure formed
after the curing of these resins possesses various mechanical properties, which leads to a wide range of
applications. The properties of objects produced by stereolithography are constantly evolving, making
them suitable not only for prototypes but also for functional objects for more demanding end-use
applications. For instance, resins with thermal resistance up to 250 °C have been developed for
applications requiring high-temperature endurance. Ultra-flexible and high-strength resins with an
elongation at break of 70%, capable of withstanding a 360° twist without fracture, have been designed
for use in engineering applications. In biomedical engineering, the utilization of biocompatible resins is
becoming increasingly widespread, particularly in the fabrication of implants, dental applications, drug
delivery systems, wearable sensors, and tissue engineering. Stereolithography (SLA) is also employed
in the production of ceramic materials. In this approach, ceramic particles (e.g., alumina powder) are
uniformly dispersed within the stereolithography resin and subsequently photopolymerized by SLA.
Processing ceramic-based resins is more challenging due to the presence of ceramic powders, as the
viscosity of the resin increases significantly with the addition of ceramic powder. Furthermore, for
accurate fabrication, the particle size of the ceramic powder must be smaller than the layer thickness
used in the printing process. Although ceramic stereolithography offers the highest resolution, the
overall production time is relatively long. Hybrid systems have been proposed as a potential solution to
these limitations, and current research and development activities are focused on this approach.
Following the 3D printing process, the polymeric polymer matrix in the composite is removed through

burnout, and residual ceramic is sintered to obtain final ceramic material.

Keywords: Resin technology, UV curing, Photopolymerization, Thermoset resins
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Hidrojen gevreklesmesi (HG), metallerde absorbe edilen hidrojenin siinekligi ve kirilma toklugunu
azaltarak yiikk altinda gevrek kirilmaya yol agan bir bozulma siirecidir. Sicaklik, pH ve
elektrokimyasal potansiyel gibi ¢evresel faktorler, mekanik gerilmelerle bir arada hidrojen alimini ve
catlak olusumunu yonetir. Bu etkiler literatiirde sik¢a calisilmistir. Yiikksek mukavemetli celikler,
artan gerilme seviyeleri ve malzeme Ozellikleri nedeniyle hidrojen kaynakli ¢atlamaya karsi1 daha
yiliksek duyarlilik gosterir. Farkli alasim sistemlerindeki HG mekanizmalarinin karmagik dogasi,
yapay zekay1 malzeme kesfi ve belirli kosullar altindaki malzeme davranigini tahmin etme igin giderek
daha onemli kilmakta olan gelismis hesaplamali yaklasimlar gerektirir. Bu calisma, metalik
alagimlarda gevreklesme miktarini tahmin etmek i¢in HG mekanizmalarinin aragtirilmasina yapay
zekay1r baslangic seviyesinde entegre etmektedir. Yapay zeka destekli yaklagim, hidrojen
gevreklesmesine karsi gelistirilmis direngli alagimlar tasarlamak icin gelismis i¢goriiler sunar.

Anahtar Kelime: Hidrojen Gevreklesmesi, Dislokasyon Etkilesimleri, Makine Ogrenimi, Yapay Zeka
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Abstract

Hydrogen embrittlement (HE) is a degradation process in metals whereby absorbed hydrogen reduces
ductility and fracture toughness, leading to brittle failure under load. Environmental factors such as
temperature, pH, and electrochemical potential, coupled with mechanical stresses, govern hydrogen
uptake and crack initiation. These influences on HE behavior are well documented in the literature.
High-strength steels exhibit increased susceptibility to hydrogen-induced cracking due to their elevated
stress levels and material properties. Nowadays, artificial intelligence is highly important for the
discovery of new materials and predicting the behavior of the materials under certain conditions. This
study presents a preliminary artificial intelligence integration into the investigation of HE mechanisms
to predict embrittlement severity. The Al-driven approach offers enhanced insights for designing alloys

with improved resistance to hydrogen embrittlement.

Keywords: Hydrogen Embrittlement, Dislocation Interactions, Machine Learning, Artificial
Intelligence
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Ozet

Bir malzemenin tozunu iiretmek 6nemli olsa da elde edilen tozun amaglanan kullanima uygunlugunu
belirleyen temel siire¢ iiretim sonrasit boyut siniflandirmasidir. Ciinkii iiretim sonrast boyutsal
siniflandirma sonuglar1 parametre optimizasyonunu etkilemektedir. Boyutsal siniflandirma isleminde en
etkin ve yaygin kullanilan yontem ise elek analizidir. Belirli miktarda bir toz kiitlesi farkli ag
acikliklarina sahip kat kat dizilmis eleklerden elenerek iizerinde kalan toz kiitlesi kaydedilmekte ve
boyutsal olarak siniflandirilmaktadir. Ancak, elde edilen tozlarin belirli boyut araliklarina ayrilmasinda
kullanilan eleklerde, zamanla meydana gelen partikiil birikimi ve tikanmalar eleme verimini olumsuz
etkilemektedir. Bu durum, iiretim siire¢lerinde istenen tane boyutu dagilimimin saglanmasin
giiclestirmekte ayni zamanda eleklerin kullanim 6mriinii de kisaltmaktadir.

Bu ¢alismada, Universitemiz leri Alasimlar Uretim Merkezinde bulunan gaz atomizasyon yéntemiyle
iiretilmis CoCrMo (ASTM F75) metal tozlarinin eleme veriminin artirilmasina yonelik olarak ultrasonik
banyo ile gerceklestirilen elek temizliginin etkinligi arastirilmistir. Deneylerde 20 pm, 50 pm, 75 pm
ve 100 um ag agikligina sahip elekler kullanilmistir. Elekler, belirli periyotlarla saf su kullanilarak
ultrasonik banyoda temizlenmis ve islem Oncesi ile sonrasi performanslari karsilastirilmigtir. Temizlik

islemleri sonrasinda eleklerin performansindaki degisimler degerlendirilmistir.

Deneysel bulgular, ultrasonik banyo ile temizlenen eleklerde partikiil birikiminin 6nemli Sl¢lide
azaldigin1 ve gaz atomizasyon tozlariin eleme veriminin belirgin sekilde arttigin1 ortaya koymustur.
Yendien eleme sonucu 53-75 ve 75-100 um araliklarindan yaklagik 500 gr toz kazanimi saglanmistir.
Yeniden elenen toz kiitlesinin parcacik boyut 6l¢iim analizi (PSD) ilk eleme sonuclariyla uyumludur.
Taramal1 elektron mikroskobu (SEM) goriintiileri yeniden elenen tozlarin sekil dzellikleri bakimindan
kiiresel ve az uydulu oldugunu gostermistir. Uzun siireli eleme neticesinde, elek aginin yipranmis
olmasinin bir sonucu olarak geg¢mesi muhtemel olan biiyiikk ve diizensiz sekilli tozlarin yoklugu,
boyutlari agisindan PSD analizi ve sekil 6zellikleri bakimindan ise SEM goriintiileriyle teyit edilmistir.
Ayrica bu temizleme yonteminin, eleklerin kullanim omriinii uzatarak bakim ve sarf maliyetlerinde

onemli dl¢lide tasarruf sagladig1 goriilmiistiir.
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Abstract

Although producing a material powder is important, the fundamental process that determines the
suitability of the resulting powder for its intended use is post-production particle size classification. This
is because the results of post-production dimensional classification influence parameter optimization.
The most effective and widely used method in dimensional classification is sieve analysis. A specific
mass of powder is sieved through layered sieves with different mesh sizes, and the remaining powder
mass on each sieve is recorded and dimensionally classified. However, particle accumulation and
clogging that occur over time in the sieves used for separating the powders into specific size ranges
negatively affect sieving efficiency. This situation not only makes it difficult to achieve the desired
particle size distribution in production processes but also shortens the service life of the sieves.

In this study, the effectiveness of sieve cleaning performed with an ultrasonic bath was investigated to
improve the sieving efficiency of CoCrMo (ASTM F75) metal powders produced by the gas atomization
method at our University’s Advanced Alloys Production Centre. Sieves with mesh sizes of 20 um,
50 um, 75 um, and 100 um were used in the experiments. The sieves were periodically cleaned in an
ultrasonic bath using deionized water and their performance before and after the process was compared.
Changes in the sieves' performance following the cleaning procedures were then evaluated.

Experimental findings revealed that ultrasonic bath cleaning significantly reduced particle accumulation
on the sieves and markedly improved the sieving efficiency of the gas-atomized powders. As a result of
re-sieving, approximately 500 g of powder was recovered in the 53—75 um and 75-100 pm ranges. The
Particle Size Distribution (PSD) analysis of the re-sieved powder mass was consistent with that of the
initially sieved powders. Scanning Electron Microscope (SEM) images showed that the re-sieved
powders were morphologically spherical with few satellites. Furthermore, the absence of large and
irregularly shaped powders—which might be expected to pass through the sieves because of mesh wear
due to prolonged sieving—was confirmed by the PSD and SEM analyses. In addition, this cleaning
method was observed to extend the service life of the sieves, thereby providing significant savings in
maintenance and consumable costs.

Keywords: Gas atomization, metal powder, sieving efficiency, ultrasonic bath, sieve cleaning

ALUMINANIN FARKLI DINAMIK GERINME HIZLARINDAKI MEKANIK
DAVRANISLARININ INCELENMESI
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Ozet

Seramik malzemeler diisiik yogunluk, yiiksek sertlik ve basma dayanimi, iyi asinma ve korozyon
direncleri gibi olaganiistii mekanik ve fiziksel 6zelliklere sahiptir. Bu dogal malzeme ozellikleri,
seramigi savunma sanayinde arag¢ ve personel zirh sistemleri i¢in en yaygin kullanilan malzemelerden
biri haline getirmistir. Savunma sanayindeki 6nemli rollerinden dolay1 seramiklerin dinamik kosuldaki
mekanik ve kirllma davraniglarinin incelenmesi 6nemlidir. Bu ¢alismada, aliimina seramiginin Split
Hopkinson Basing Cubugu kullanilarak gerceklestirilen dinamik basma testleri ile mekanik 6zellikleri
ve deformasyon davraniglari incelenmistir. Dinamik basma testlerinde numune ve barlar arasina
tungsten karbiir arayiiz kullanilmistir. Dinamik basma testleri oda kosullarinda 130, 250, 320 ve 620 /s
gerinme hizlarinda gerceklestirilmistir. Basma numuneleri 5 mm ¢apinda ve 5 mm boyunda olacak
sekilde hazirlanmistir. Deneysel sonuglar incelendiginde maksimum basma dayaniminin gerinme hizi
250 /s’ye kadar arttiginda artis egiliminde oldugu, gerinme hizinin 250/s’den 620 /s’ye arttirildiginda
ise azalma egiliminde oldugu goriilmiistiir. Numunelerin maksimum gerinmeleri ise gerinme hizi
artistyla artmistir. Numunelerin dinamik basma kosullarindaki deformasyon davraniglar incelendiginde
her bir gerinme hizinda basma dalgalarinin numunede ilerlemesi ile numunelerin pargalandig
goriilmiistiir. Bu davranig, aliimina numunelerde dinamik yilikleme sirasinda meydana gelen gerilme
konsantrasyon boélgelerinin olusumu ve ilerlemesi sonucu gevrek hasar bdlgelerinin olusumuyla

gerceklesmistir.
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Abstract

Ceramic materials possess outstanding mechanical and physical properties such as low density, high
hardness and compressive strength, good wear and corrosion resistance. These inherent material
properties have established ceramics as one of the most extensively used materials for vehicle and
personnel armor systems in the defense industry. Because of their significant roles in defense industries,
investigation of mechanical and deformation behaviors of ceramics at dynamic conditions is of critical
importance. In this study, mechanical properties and deformation behavior of alumina ceramic was
investigated with dynamic compression tests by using Split Hopkinson Pressure Bar. Tungsten carbide
interfaces were used between bars and specimens to prevent damage at bars. Dynamic compression tests
were performed at 130, 250, 320 and 620 /s strain rates at room temperature. Compression specimens
were prepared as 5 mm in length and 5 mm in diameter. When the experimental results were examined,
it was seen that the maximum compressive strength tended to increase when the strain rate increased up
to 250 /s, and tended to decrease when the strain rate increased from 250 /s to 620 /s. Maximum strains
of the specimens increased with the increase of strain rate. As the deformation behaviors of the
specimens at dynamic compression conditions were investigated, it was observed that the specimens
were fragmented with the propagation of compression waves through the specimens at each strain rate.
This behavior occurred due to the progression of brittle damage zones which was a result of formation

and propagation of stress concentration regions during dynamic loading in alumina samples.

Keywords: Alumina, split Hopkinson pressure bar, dynamic compression tests, fragmentation
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Ozet

Eklemeli imalat havacilik, biyomedikal ve otomotiv gibi kritik sektorlerde kullanilmak tizere karmasik
ve Ozel tasarimli pargalar iiretme yetenegi sayesinde biiyiik bir ilgi gérmektedir. Bu yontem, ii¢ boyutlu
dijital bir model kullanarak malzemelerin katmanlar halinde yigilmasini saglar, karmasik tasarim
geometrilerinin iiretimini basitlestirir ve kalip tiretiminin kisitlamalarimi asar. Bu 6zelliklerinden dolay1
kisisellestirilmis iirlinler iiretme yetenegi sayesinde birgok alanda yogun bir ilgi gérmektedir. Bununla
birlikte, liretim parametrelerindeki farkliliklardan kaynaklanabilen gozeneklilik, katman ayrilmasi ve
catlaklar gibi kusurlar1 tespit ederek belirli bir kalite kontrol diizeyi saglamak i¢in bazi tahribatsiz
muayene yontemleri kullanilmaktadir. Eklemeli imalat yontemiyle iiretilen malzemelerin Terahertz
(THz) radyasyonu kullanilarak incelenebilecek temel 6zellikleri ve kusurlart hem metal hem de metal
dis1 yapilar igin tahribatsiz muayene cercevesinde genis bir yelpazeyi kapsamaktadir. THz, eklemeli
imalatla tiretilen metalik bilesenlerin yiizey karakterizasyonu igin potansiyel sunmakta ve bu teknik
sayesinde ortalama piiriizliiliikk profili ve yiikseklik diizeyi gibi parametreler temassiz olarak hizli bir
sekilde degerlendirilebilme potansiyeli tasimaktadir. Eklemeli imalat ile iiretilen polimerik ve kompozit
yapilarda ise malzemelerin igindeki gdzeneklilik, katman ayrilmasi ve catlaklar gibi i¢ kusurlarinin
tespiti ve gorsellestirilmesine yonelik ciddi bir potansiyel tasimaktadir. Ayrica insan sagligi i¢in
tehlikesiz olmasi da biiyiik bir avantaj olarak goriilmektedir. Bu ¢alismada Terahertz teknolojisi
kullanilarak eklemeli imalat yontemi ile iiretilmis kompozit malzemelerin i¢ kusurlarinin detayli ve

kapsamli bir sekilde incelenebilecegini gosteren ¢aligmalardan derlenen bilgiler sunulacaktir.
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Abstract

Additive manufacturing is gaining significant attention due to its ability to produce complex and custom-
designed parts for critical industries such as aerospace, biomedical, and automotive. This method uses
a three-dimensional digital model to deposit materials in layers, simplifying the production of complex
design geometries and overcoming the limitations of mold production. Due to these characteristics, it is
in high demand in many areas thanks to its ability to produce customized products. However, non-
destructive testing methods are used to ensure a certain level of quality control by detecting defects such
as porosity, layer separation, and cracks that may arise from differences in production parameters. The
fundamental properties and defects of materials produced by additive manufacturing that can be
examined using Terahertz (THz) radiation cover a wide range within the framework of non-destructive
testing for both metallic and non-metallic structures. THz offers potential for surface characterization
of metallic components produced by additive manufacturing, and this technique has the potential to
quickly evaluate parameters such as average roughness profile and height level in a non-contact manner.
Additive manufacturing holds significant potential for detecting and visualizing internal defects such as
porosity, layer separation, and cracks in polymeric and composite structures produced through this
method. Furthermore, its safety for human health is considered a major advantage. This study will
present information compiled from studies showing that Terahertz technology can be used to examine
the internal defects of composite materials produced by additive manufacturing in a detailed and

comprehensive manner.

Keywords: Additive Manufacturing, Non-Destructive Testing, Terahertz, Defect.
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Ozet

Eklemeli imalat yontemleri, geometrik olarak karmasik ve kisisellestirilmis pargalarin iiretiminde
merkezi bir rol oynamaktadir. Bu teknolojiler arasinda, maliyet etkinligi ve erisilebilirligi sayesinde en
cok tercih edilen yontemlerden biri Eriyik Yigma Modelleme (EYM) teknolojisidir. EYM ile {iretilen
pargalarin mekanik dzellikleri, malzeme se¢imi yam sira katman kalinligi ve doluluk orani gibi liretim
parametrelerine dogrudan baghdir. Bu ¢alismanin amaci, EYM ile iiretilen termoplastik pargalarin
mekanik performanslarinin (maksimum yiik ve akma dayanimi) liretim parametreleriyle nasil degistigini
deneysel olarak analiz etmektir. Calismada BASF firmasina ait ti¢ farkli filament tiirii (PLA, PLA Tough
ve ABS) kullanilmigtir. Toplam 24 numune, iki farkli katman kalinligi (0.10 mm ve 0.20 mm) ve dort
farkli doluluk orani1 (%25, %50, %75, %100) kombinasyonunda, ASTM D638 Type I standardina uygun
olarak iiretilmistir. Numuneler, Instron 4411 evrensel test cihazinda ¢ekme testine tabi tutulmustur. Elde
edilen sonuglar, doluluk oranmin tiim malzemelerin hem ¢ekme hem de akma dayanimi iizerinde
belirleyici bir etkiye sahip oldugunu gdstermistir. En yiliksek mekanik degerlere ulasan PLA malzemesi,
doluluk artisindan en fazla etkilenen malzeme olmustur. PLA i¢in, %100 doluluk ve 0.10 mm ince
katman kombinasyonu, 0.20 mm katmana gére maksimum yiikte %10.39 artis saglayarak en yiiksek
mekanik performansi sunmustur. Yiiksek darbe dayanimi i¢in modifiye edilmis PLA Tough ise, katman
kalinlig1 degisimine karsi yiiksek tolerans gdstermis ve performans farki minimum diizeyde (%0.4)
kalmistir. ABS, genel olarak daha diisiik dayanim sergilese de dengeli sonuclar vermistir. Bu bulgular,
EYM parcalarinda yapisal biitiinligii maksimize etmek icin malzeme tipine 0zgii parametre

optimizasyonunun 6nemini vurgulamaktadir.
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Abstract

Additive Manufacturing (AM) methods have become central to modern production, particularly for
manufacturing geometrically complex and customized parts. Among these technologies, Fused
Deposition Modeling (FDM) is the most favored due to its cost-effectiveness, widespread accessibility,
and user-friendly nature. The mechanical properties (such as strength, stiffness, and ductility) of parts
produced via FDM are directly dependent not only on the chosen polymer but also on critical process
parameters, specifically layer height and infill density. This study aims to experimentally analyze how
the mechanical performance (maximum load and yield strength) of FDM-produced thermoplastic parts
changes with variations in these manufacturing parameters. The research utilized three distinct BASF
filaments: PLA, PLA Tough (an impact-modified PLA derivative), and ABS. A total of 24 samples were
manufactured according to the ASTM D638 Type I standard, incorporating two different layer heights
(0.10 mm and 0.20 mm) and four infill densities (25%, 50%, 75%, 100%). Tensile tests were conducted
using an Instron 4411 universal testing machine. The results demonstrated that infill density had a
defining effect on both the tensile and yield strength across all materials. PLA achieved the highest
mechanical values and was the most significantly influenced by increasing infill. Specifically for PLA,
the combination of 100% infill and a thin 0.10 mm layer offered the highest performance, resulting in a
10.39% increase in maximum load compared to the 0.20 mm layer. Conversely, PLA Tough, modified
for high impact resistance, displayed remarkable tolerance to layer thickness variations, showing only a
minimal difference of approximately 0.4% in maximum load. ABS generally exhibited lower strength
but presented balanced results. These findings underscore the necessity of material-specific parameter

optimization to maximize structural integrity in FDM-manufactured functional components.
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Ozet

Eklemeli imalat (EI), dis hekimligi alaninda etkin bir teknoloji olarak 6ne ¢ikmakta; yiiksek hassasiyet
ve biyouyumluluk ile kigisellestirilmis implantlarin, protezlerin ve ortodontik bilesenlerin iiretimine
olanak saglamaktadir. Ei teknikleri arasinda, 6zellikle metal esash Lazer Toz Yatak Fiizyon (LTYF)
yontemi, karmasik geometrilerin dijital modellerden dogrudan iiretimini miimkiin kilmasi nedeniyle
dental uygulamalarda giderek daha fazla kullanilmaktadir. Bununla birlikte, kiiresel imalat ortaminin
siirdiiriilebilirlige yonelmesi, dental EI siireclerinin Birlesmis Milletler (BM) Siirdiiriilebilir Kalkinma
Hedefleri (SKH) baglaminda degerlendirilmesini gerekli kilmaktadir. Bu ¢alismada, dis hekimliginde
uygulanan metal EI siireclerinin siirdiiriilebilirlik agisindan ortaya ¢ikardigi zorluklar ve sundugu
firsatlar, ozellikle kaynak verimliligi ve dongiisel ekonomi perspektifinde ele alinmaktadir. Bu
baglamda, dental imalat siireclerinde olusan hatali pargalar, destek yapilar1 ve kullanilmamis ya da
kismen oksitlenmis metal tozlarinin geri doniisiim yontemleri incelenmistir. Elde edilen bulgular, dental
EI teknolojilerinin; SKH 3 (Saglk ve Kaliteli Yasam) ile hasta odakli ve erisilebilir saglik ¢dziimleri
gelistirme, SKH 9 (Sanayi, Yenilik¢ilik ve Altyapi) ile ileri iiretim teknolojilerinin benimsenmesi, SKH
12 (Sorumlu Tiiketim ve Uretim) ile malzeme verimliliginin artirilmasi ve atiklarin azaltilmasi, SKH 13
(Iklim Eylemi) ile de optimize edilmis iiretim stratejileri sayesinde emisyonlarin diisiiriilmesi
yonlerinden uyum sagladigimi ortaya koymustur. Sonug¢ olarak, dental metal EI siireglerinde
stirdiiriilebilir tasarim ve geri doniigiim stratejilerinin entegrasyonu hem endiistriyel verimliligin
artirilmasina hem de kiiresel siirdiiriilebilirlik hedeflerinin ilerletilmesine 6nemli katkilar sunmaktadir.

Anahtar Kelime: Metal eklemeli imalat, Dental eklemeli imalat, Siirdiirtilebilirlik, Geri doniisiim
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Abstract

Additive Manufacturing (AM) has emerged as an effective technology in the field of dentistry, enabling
the production of personalized implants, prostheses, and orthodontic components with high precision
and biocompatibility. Among AM techniques, metal-based Laser Powder Bed Fusion (LPBF) is
increasingly applied in dental practice due to its ability to directly manufacture complex geometries
from digital models. However, the global shift of manufacturing towards sustainability necessitates the
evaluation of dental AM processes within the framework of the United Nations (UN) Sustainable
Development Goals (SDGs). In this study, the challenges and opportunities of metal AM processes in
dentistry are examined from a sustainability perspective, particularly in terms of resource efficiency and
the circular economy. Within this context, the recycling methods of defective parts, support structures,
and unused or partially oxidized metal powders generated during dental manufacturing processes are
investigated. The findings indicate that dental AM technologies align with SDG 3 (Good Health and
Well-being) Developing patient-specific and accessible healthcare solutions, SDG 9 (Industry,
Innovation, and Infrastructure) Adoption of advanced manufacturing technologies, SDG 12
(Responsible Consumption and Production) Improving material efficiency and reducing waste, SDG 13
(Climate Action) Reducing emissions through optimized production strategies. In conclusion,
integrating sustainable design and recycling strategies into dental metal AM processes contributes
significantly both to enhancing industrial efficiency and to advancing global sustainability goals.

Keywords: Metal additive manufacturing, Dental additive manufacturing, Sustainability, Recycling
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Ozet

Elektrosekillendirme iglemi, elektrolitik kaplama esaslarina dayanan bir {iretim yontemidir. Bu proses
ile konvansiyonel kaplama islemlerine kiyasla oldukca kalin et kalinliklar1 elde edilebilmektedir. Ote
yandan, elektrosekillendirme prosesinin dogas1 geregi katotta aciga ¢ikan hidrojen gazinin yiizeyden
uzaklagtirilamadigi durumda porozite riski olugmakta ve tamir ihtiyaci dogmaktadir. Ayrica,
elektrosekillendirme prosesi ile kontrollii lokal kalinlik degisiklikleri ¢ok pratik olmadigindan unsur
olusturma faaliyetleri ardil islemler ile saglanabilmektedir. Yonlendirilmis Enerji Biriktirme prosesi her
iki ihtiyag i¢in de ¢6zlim olanagi sunabilecek yenilik¢i eklemeli imalat proseslerindendir. Bu proseste
metal tozu bir hareket sistemi yardimi ile tanimlanan alana beslenirken bir yandan da 1s1 kaynagi ile
ergitilir ve katilagma sonrasi yapisal biitiinliigli olan bir katman elde edilir. Fakat, proses sirasinda olugan
termal gerilimler, elektrosekillendirme ile olusturulan katman ile taban malzemesi arasinda ayrilmalara
sebep olabilmektedir. Bu durum, o&zellikle elektrosekillendirme ile olusturulan katmanin taban
malzemesi ile kullanildig1 uygulamalar i¢in sakincali bir durumdur. Bu ¢alismada, Taguchi deney
tasarimi modeli kullanarak deneysel ¢caligsmalar yiiriitiilmiis ve belirtilen ayrilmalarin en aza indirilmesi
hedeflenmistir. Yapilan 6n galismalarda Inconel 713LC ve Inconel 625 tozlari kullanilmig, yiiksek
toklugu sebebiyle deney tasarimi kapsamindaki ¢aligmalar Inconel 625 tozlari ile yiiriitiilmistiir. Elde
edilen sonuclara gore kanallar arasinda ayrilmanin en fazla 3mm oldugu, en iyi durumda ise herhangi
bir ayrilmanin yagsanmadigi belirlenmistir. Prosesin dogas1 geregi olusan 1sinmalar kaynakli olarak nikel
katmaninin sertliginde ise %50’ye varan diisiisler tespit edilmistir.

Anahtar Kelime: Yonlendirilmis Enerji Biriktirme, Elektrosekillendirme, Arayliz, Deneysel Tasarim.
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Abstract

The electroforming process is a manufacturing method based on the principles of electrolytic plating.
Compared to conventional plating processes, this method allows for the achievement of significantly
thicker coating thicknesses. On the other hand, due to the nature of the electroforming process, if the
hydrogen gas released at the cathode cannot be removed from the surface, there is a risk of porosity,
which requires a need for repair. Additionally, since controlled local thickness variations are not very
practical with the electroforming process, feature formation activities can only be achieved through
subsequent operations. The DED (Directed Energy Deposition) process is one of the innovative additive
manufacturing methods that can offer solutions for both of these needs. In this process, metal powder is
fed into a defined area with the help of a movement system, while simultaneously being melted by a
heat source, and a structurally sound layer is formed after solidification. However, the thermal stresses
generated during the DED process can lead to separations between the layer formed by electroforming
and the base material. This situation is particularly problematic for applications where the electroformed
layer is used in conjunction with the base material. In this study, experimental work was conducted
using the Taguchi design of experiments model, aiming to minimize the aforementioned separations. In
the preliminary investigations, Inconel 713LC and Inconel 625 powders were utilized; owing to its
superior toughness, the experimental studies within the scope of the design were conducted using
Inconel 625 powders. The results indicated that the maximum separation between the channels did not
exceed 3 mm, while in the optimal case, no separation was observed. Due to the inherent thermal effects
of the process, a reduction of up to 50% in the hardness of the nickel layer was identified.

Keywords: Directed Energy Deposition, Electroforming, Interface, Design of Experiment.
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Ozet

Lazer Toz Yatak Fiizyon (LTYF) prosesi, metal toz malzemeden, karmasik ve fonksiyonel pargalarin
iiretimi i¢in en iyi bilinen eklemeli {iretim yontemlerinden biridir. Parca iizerinde olusan kalinti
gerilimleri, LTYF prosesine engel olusturmakta ve 6zellikle ileri teknoloji uygulamalarinda parcalarin
kullanilabilmesini kisitlayabilmektedir. Eklemeli imalat prosesinde, proses parametrelerinin kalinti
gerilimleri lizerine onemli etkisi vardir ve kalint1 gerilimleri malzeme 6zelliklerinin giivenilirligini
degistirmektedir. Bu sebeple, tasarim ve {iretimde giivenilir mekanik 6zellikler saglamak i¢in LTYF
prosesinde, proses parametrelerinin kalinti  gerilimleri {izerindeki etkilerinin arastirilmasi
gerekmektedir.

Bu bildiride, tarama stratejilerinin etkisi, lazer giicli, maruz kalma siiresi, hacimsel enerji yogunlugu,
tarama mesafesi, nokta atis mesafesi, katman kalinligi, alt plakadan ayrilma etkisi, LTYF eklemeli
imalat yontemi ile iiretilen 17-4 PH paslanmaz celikleri ile ylizeyde ve ¢ok ylizeye yakin bdlgede kalinti
gerilimi birikimi agisindan X-Isin1 Kirinim (XRD) yontemi ile incelemesi gergeklestirilmistir.
Analizler, hacimsel enerji yogunlugunun (HEY), lazer giiciiniin ve maruz kalma siiresi
optimizasyonunun kalinti gerilimin en aza indirilmesinde ¢ok 6nemli bir rol oynadigini gostermektedir.
Ote yandan, tanimlanmis araliklar i¢inde nokta atis mesafesi ve tarama mesafesinin; hacimsel enerji
yogunlugu, lazer giicii ve maruz kalma siiresinin etkisine kiyasla daha az bir etkiye sahip oldugunu
gOstermistir.

Uretilen pargalarda proses parametre optimizasyonuyla kalmti gerilimlerinin ~%67'ye kadar
azaltilabilecegi ancak, malzemenin ¢gekme ve akma mukavemetinde sirasiyla %14 ve %12’e kadar diisiis
yasanabilecegi goriilmiistiir.

Anahtar Kelimeler: Kalint1 Gerilimi, Eklemeli imalat, Lazer Toz Yatak Fiizyon, 17-4 PH Paslanmaz
Celik
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Abstract

One of the most well-known additive manufacturing (AM) processes for creating complex part
geometries from metal powder is laser powder bed fusion (LPBF) process. For the aerospace, defense,
medical equipment, automotive, and energy industries, in particular, LPBF makes it possible to
manufacture functioning parts. Residual stresses seriously hinder the LPBF process and limit the parts'
capacity to be serviced, especially in high-tech applications. Process variables play a significant role in
the production of residual stresses, which affect the dependability of material properties. For 17-4
Precipitation Hardened (PH) stainless steel parts produced by LPBF additive manufacturing system, the
effects of scanning strategies, laser power, exposure time, volumetric energy density, hatch distance,
point distance, layer thickness, preheating of baseplate, layer rotation effect, separation from base plate,
height, and area effect were examined by X-Ray Diffraction (XRD). According to the analysis, the
primary factors influencing the production of high residual stress are laser power, exposure time,
volumetric energy density, and scanning strategies.

The analyses show that, volumetric energy density (VED), laser power, and exposure time optimization
played a crucial role in residual stress minimization. VED parameter optimization was crucial for overall
penetration and surface residual stress formation on material. On the other hand, point distance and
hatch distance had a slight influence when compared with the effect of volumetric energy density, laser
power, and exposure time within the defined ranges.

The as built parts’ residual stresses could be reduced by up to ~67%. However, the tensile strength and
yield strength of a material could also be decreased by 14% and 12%, respectively.

Keywords: Residual Stress, Additive Manufacturing, Laser Powder Bed Fusion, 17-4 PH Stainless
Steel
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Ozet

Kesisen akislarda atomizasyon yonteminin bilinmesi, eklemeli imalat teknolojilerinde kullanilan ince
ve kiiresel metal tozlarinin iiretiminde yaygin olarak kullanilan gaz atomizasyon islemi agisindan
onemlidir. Atomizasyon siirecinin dogru anlagilmasi ve optimize edilmesi, yiiksek kaliteli toz iiretimi
ve buna bagli olarak eklemeli imalat siire¢lerinde son {iriin performansinin artirilmasi agisindan biiyiik
Oonem tasimaktadir. Bu calismada, diistik hizlar altinda pargalanma mekanizmasinin analiz edilmesi ve
yiiksek hizlar i¢in bir yaklagim olusturulmasi amaciyla Co-Cr alagiminin azot gazi kullanilarak
atomizasyon siireci i¢ boyutlu niimerik olarak edilmistir. Bu analizlerde, ¢cok fazli akiglarin ¢oziimiinde
etkin bir yontem olan Volume of Fluid (VOF) yaklasgimi kullanilmigtir. Simiilasyonlar, acik kaynak
kodlu OpenFOAM yazilimi ile gerceklestirilmistir. Caligmada dort farkli gaz hizi (10, 25, 50 ve 75 m/s)
icin pargalanma mekanizmalari incelenmis, damlacik olusum ve pargcalanma davraniglari
degerlendirilmistir. Ayrica her bir hiz kosulu igin Weber sayilar1 hesaplanarak gaz hizinin damlacik
pargalanmas iizerindeki etkisi niimerik olarak incelenmistir. Sonug olarak, hesaplanan Weber sayilar
kapsaminda pargalanma mekanizmasinin Ozellikle titresimsel ve tabaka pargalanmasi seklinde

parcalanma tipleriyle gergeklestigi belirlenmistir.

Anahtar Kelime: Atomizasyon, Co-Cr Alasimi, Volume of Fluid, OpenFOAM
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Abstract

Understanding atomization methods in crossing flows is important in terms of the gas atomization
process, which is widely used in the production of fine and spherical metal powders employed in
additive manufacturing technologies. Correctly understanding and optimizing the atomization process
is of great significance for producing high-quality powders and, consequently, for improving the
performance of final products in additive manufacturing processes. In this study, the atomization process
of a Co-Cr alloy using nitrogen gas was numerically analyzed in three dimensions in order to analyze
the breakup mechanism at low velocities and to establish an approach for high velocities. In these
analyses, the Volume of Fluid (VOF) method, which is an effective approach for solving multiphase
flows, was employed. The simulations were carried out using the open-source software OpenFOAM.
The breakup mechanisms were investigated for four different gas velocities (10, 25, 50, and 75 m/s),
and droplet formation and breakup behaviors were evaluated. In addition, Weber numbers were
calculated for each velocity condition, and the effect of gas velocity on droplet breakup was numerically
examined. As a result, within the scope of the calculated Weber numbers, it was determined that the
breakup mechanism primarily occurred in the form of vibrational and sheet breakup modes.

Keywords: Atomization, Co-Cr Alloy, Volume of Fluid, OpenFOAM
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Eklemeli imalat (Ei) teknolojileri, hafif alasimlarm karmasik geometrilerle iiretilmesinde 6nemli
avantajlar sunmakta ve farkli endiistrilerde hizla yayginlasmaktadir. Ozellikle aliiminyum esaslh
alasimlar, hafiflikleri, 6zgiil dayanimlar ve iyi islenebilirlikleri sayesinde otomotiv, havacilik ve
savunma sanayiinde tercih edilmektedir. Bununla birlikte, iiretim siirecinde ortaya ¢ikan gdzenekler,
baglant1 hatalar1 ve 6zellikle simir bolgelerinde (border) goriilen kusurlar, nihai pargalarin mekanik
performansini olumsuz yonde etkileyebilmektedir. Literatiirde bu tiir kusurlarin yorulma émri, kirilma
davranis1 ve yiik tagima kapasitesine etki edebilecegi rapor edilmistir. Bu ¢alismada, Valcun Minerva
cihazinda uygulanan ergiyik metal biriktirme (EMB) teknolojisi kullanilarak Al4043 alagimiyla
iiretilmis pargalarin tiretim kalitesi degerlendirilmistir. EMB ydntemi, tel veya toz tabanli geleneksel
yontemlerden farkli olarak sivi metalin dogrudan damlaciklar halinde biriktirilmesine dayanmaktadir ve
bu yoniiyle proses esnekligi ve uygulama g¢esitliligi agisindan dikkat c¢ekmektedir. Calismada
numunelerin 6l¢ekli fotograflari alinarak boyutsal 6lgiimler yapilmis, ayrica kesitler lizerinden sinir
bolgeleri ve katmanlar arasi birlesim alanlari ayrintili bigimde incelenmistir. Bulgular, dolgu ve dis
duvar katmanlarinin tasarlanan geometriyle uyumlu sekilde birlestigini ve yalnizca sinirh diizeyde
bosluk ile hatalarin mevcut oldugunu gdstermistir. Sonug olarak, Al4043 alasiminda EMB yontemiyle
elde edilen iiretimlerin basarili oldugu ortaya konmus; sinir bolgelerinin kalite degerlendirmesinde kritik
rol oynadig1 vurgulanmistir. Bu bulgular, EMB teknolojisinin aliiminyum esasli alagimlarin endiistriyel
olgekte kullanimi i¢in umut vadeden bir yaklagim olabilecegini gostermektedir.

Anahtar Kelimeler: Eklemeli imalat, ergiyik metal biriktirme (EMB), Al14043 alagimu, iiretim kalitesi
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Abstract

Additive manufacturing (AM) technologies offer significant advantages in producing lightweight alloys
with complex geometries and are rapidly expanding across various industries. Aluminium-based alloys,
in particular, are widely used in automotive, aerospace, and defence applications due to their low
density, high specific strength, and good processability. However, defects such as porosity, lack of
fusion, and especially flaws occurring in border and interlayer regions can adversely affect the
mechanical performance of the final components. Previous studies have reported that such defects may
contribute to reduced fatigue life, compromised fracture behaviour, and limited load-bearing capacity.
In this study, the Molten Metal Deposition (MMD) technology implemented in the Valcun Minerva
system was employed to manufacture Al4043 alloy parts, and their production quality was evaluated.
Unlike conventional wire- or powder-based AM processes, MMD relies on the direct deposition of
molten metal droplets, which provides potential advantages in process flexibility and applicability.
Scaled photographs of the fabricated samples were taken for dimensional assessments, and cross-
sectional analyses were performed to examine border regions and interlayer bonding areas. The results
revealed that the infill and outer wall layers were consistently aligned with the designed geometry, while
only a limited number of voids and defects were identified. Overall, the findings demonstrate that the
MMD process enables the reliable production of Al4043 alloy parts. Furthermore, the study highlights
the critical role of border regions in quality assessment and suggests that MMD has promising potential
for the industrial-scale application of aluminium-based alloys.

Keywords: Additive manufacturing, molten metal deposition (MMD), Al4043 alloy, Quality
assessment
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Radyasyon miihendisliginde, Dagitimli Bragg Reflektorler (Distributed Bragg Reflectors, DBR) veya
fotonik kristallere, yakin kizilotesi bantta (NIR) yiiksek yansiticilik uygulamalarn igin siklikla
basvurulmaktadir. Istenilen efektif yansiticilik ve gegirgenlik 6zelliklerini elde edebilmek amaciyla,
yiksek ve diisiik kirilma indisli dielektrik malzemelerden olusan katmanlar doniisiimlii olarak
kullanilmaktadir. Isik yayan diyotlar (LED) ve dikey bosluk ytlizeyinden yayilimh lazerler (VCSEL) ,
fotonik kristallerin kullanildig1 sistemlere 6rnek olarak verilebilir. Ayrica, NIR spektral rejiminde
anahtarlanabilir (switchable) yaymim elde edebilen uygulamalara, 6zellikle uzayda kullanilmak iizere
1s1l yonetim agisindan biiyiik talep vardir .

Bu ¢aligmada, NIR rejiminde bir optik bant gegirgen filtre olarak calisabilecek ince filmlerin tasarimi
icin Transfer Matris Yontemi (TMM) ve Zamanda Sonlu Farklar Yontemi (FDTD) kullanilmistir. Nihai
tasarim, fiziksel temelli optimizasyon ve empedans uyumsuzlugu temelli optimizasyon teknikleri
uygulanarak elde edilmistir. Ek olarak, yapiya fonksiyonellik kazandirmak amaciyla faz degisken bir

malzeme olan VO, de dahil edilmistir.

Elde ettigimiz sonuglar, uygulanan optimizasyon siirecinin fotonik kristallerin yansiticilik 6zelliklerini
onemli Olglide artirdigini gostermistir. Yapiya VO, eklenmesi, yansiticilikta kii¢iik bir azalmaya yol
acsa da ayarlanabilir spektral 6zellikler saglamigtir. Ayrica, VO>’nin metalik fazda fotonik kristalin
iistiinde bulundugu yapilar ile dielektrik fazda iistte bulundugu yapilar arasinda belirgin bir spektral fark

gbzlemlenmistir.

Anahtar Kelime: Radyasyon miihendisligi, fotonik kristaller, dagitimli Bragg reflektorler, faz degisken

malzemeler.
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Abstract

In radiation engineering, Distributed Bragg Reflectors (DBRs) or photonic crystals are frequently
employed for near-infrared band (NIR) high reflectivity applications. Alternating layers of high-index
and low-index dielectric materials are employed for desired effective reflectivity and transmittivity
properties. Light-emitting diodes (LEDs) and vertical cavity surface-emitting lasers (VCSELs) are just
two examples that utilize photonic crystals. Furthermore, applications that can achieve switchable
radiation in the NIR spectral regime are in high demand for thermal management, particularly to be
employed in space .

In this study, Transfer Matrix Method (TMM) and Finite Difference Time Domain (FDTD) calculations
are used for designing the thin films that can work as an optical bandpass filter in the NIR regime. The
final design was acquired after an optimization process that was conducted via a physical based
optimization and an impedance mismatch-based optimization. A phase-change material, VO,, was also
incorporated into the structure for functionality.

Our results showed that an optimization process results in significant enhancing of the reflectivity
properties for the photonic crystals. Addition of the VO, provided adjustable spectral properties, while
causing a slight decrease in the reflectivity. A substantial spectral change was observed between
structures where VO, in the metallic phase was on top of the photonic crystal and VO in the dielectric
phase was on top of the photonic crystal.

Keywords: Radiation engineering, photonic crystals, distributed Bragg reflectors, phase change

materials.
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Ozet

Tek kristal piezoelektrik malzemeler, daha yiiksek performansh akustik transdiiserlerin iiretiminde
temel yapi tasi olarak kullanilmaktadir. Bu ¢alismada, tek kristal piezoelektrik malzemeler Bridgman
kristal biiylitme yontemi ile elde edilmis ve karakterizasyonlar1 yapilmigtir. Elde edilen malzemelerin
kristal 6zellikleri X-151n1 Difraktometresi (XRD) ile, kristal yonelimleri ise Laue kamera kullanilarak
belirlenmistir. Piezoelektrik yiik katsayist (ds3) ve dielektrik sabiti ol¢iilerek piezoelektrik 6zellikleri
incelenmis, sonuglarin seramik malzemelere kiyasla ¢ok daha yiiksek oldugu gdzlemlenmistir. Uretilen
tek kristal piezoelektrik malzemelerin sensor performansin1 degerlendirmek amaciyla aktif ve pasif
olmak tizere iki tip transdiiser tasarlanarak iiretilmistir. Yapilan akustik testler sonucunda, seramik
malzemelere kiyasla tek kristal piezoelektrik malzemelerle {iretilen transdiiserlerin daha yiiksek
performansa sahip oldugu goriilmiistiir.

Anahtar Kelime: Tek kristal piezoelektrik, Bridgman yontemi, transdiiser, XRD, Laue kamera.
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Abstract

Single crystal piezoelectric materials are considered the fundamental building blocks for development
of high-performance acoustic transducers. In this study, single crystal piezoelectric materials were
grown by the Bridgman crystal growth method and subsequently characterized. The crystal structures
were examined using X-ray Diffractometry (XRD), and the crystal orientations were determined by
Laue camera analysis. Piezoelectric coefficient (ds3) and dielectric constant measurements were
measured to evaluate their piezoelectric properties, which were found to be significantly higher
compared to ceramic materials. To evaluate sensor performance, two types of transducers-active and
passive-were designed and fabricated using the grown single crystals. Acoustic testing results
demonstrated that the transducers produced with the single crystals piezoelectric materials exhibited

enhanced performance compared to ceramic-based transducers.

Keywords: Single crystal piezoelectric, Bridgman method, transducer, XRD, Laue camera.
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Ozet

Secici Lazer Ergitme (SLM), lazer 1s1m1 kullanilarak metal tozlarinin katman katman birlestirilmesi
prensibine dayanan eklemeli iiretim teknolojileri i¢inde One ¢ikan bir yontemdir. SLM ydntemi,
ozellikle kafes yapi tabanli geometri tasarimi sayesinde topoloji optimizasyonu ve agirlik azaltma
acisindan bir¢cok avantaj saglamaktadir. 17-4 PH malzeme iistiin mekanik 6zelliklere sahiptir ve bu
ozellikler uygun 1s1l islem regeteleri ile daha da iyilestirilebilmektedir. Bu agidan, 17-4 PH metal
tozunun SLM siireciyle entegre sekilde kullanimi, asir1 zorlayici 6miir kosullar1 ve yiikleme
senaryolarina sahip savunma sanayi uygulamalar1 i¢in 6nem arz etmektedir. Bu ¢alisma, belirlenen
malzemeden SLM yontemiyle iiretilen iki farklit FNSS parcasinin, kalifikasyon ve dogrulama siireglerini
konu almaktadir. Prototip pargalar iizerinde yapilan makro-mekanik, mikro yapisal ve montaj
denemelerinin sonuglari, SLM yoOntemi ve Onerilen malzeme/proses regetesinin tiim tasarim
gereksinimlerini karsilayabilecegini ortaya koymustur.

Anahtar Kelime: 17-4 PH, Segici Lazer Ergitme, Topoloji optimizasyonu, eklemeli imalat
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Abstract

Selective Laser Melting (SLM) is a prominent method within additive manufacturing technologies that
operates on the principle of fusing metal powders layer by layer using a laser beam. The SLM process
has many advantages in terms of topology optimization and weight reduction, especially by means of
lattice-structure-based geometry design. Furthermore, the 17-4 PH material exhibits promising
mechanical properties, and the as-built performance can be easily enhanced through proper heat
treatment. In this perspective, the use of 17-4PH metal powder with the SLM process is a viable option
in defense industry applications where harsh service conditions and loading scenarios are present. This
study was devoted to the qualification and verification processes of two distinct FNSS parts produced
by SLM from the designated material. The results of macro-mechanical, microstructural, and assembly
trials revealed that the proposed manufacturing method and material is able to satisfy all design
requirements.

Keywords: 17-4 PH, SLM, Topology optimization, Additive manufacturing
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