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Dear Readers,

I am very happy and proud to take a step towards a bright future in the mighty light of science. | am here
to share with you the second issue of the International Journal of New Horizons in Sciences (JIHSCI). |
am honored to invite you all on this exciting journey.

The International Journal of New Horizons in The Sciences (JIHSCI) is an international meeting point
for research and knowledge sharing. This platform, which covers many disciplines in the academic
community, serves as a tool for the discovery of new knowledge, the evaluation of scientific studies and
the enrichment of our academic community.

Our aim is to contribute to the accumulation of knowledge by presenting superior quality scientific
content to our readers. Our journal is a platform that adheres to ethical rules where distinguished articles
are published with strict peer review processes. Thanks to these high standards, you can be sure that
every single article in our journal is reliable, scientific and innovative.

Our academic world has a constantly evolving structure. Therefore, as the JIHSCI, we aim to focus not
only on classical topics but also on new and emerging research areas. We are committed to supporting
creative thinking, bold experiments and data-driven results to explore new horizons of science.

The success of this journal depends, of course, not only on us, but also on the contributions of you, our
esteemed scientists. By sharing your articles with us and acting as a reviewer, you can help us make our
mark in the world of scientific publishing. As an academic journal, New Horizons offers you the
opportunity to share your valuable work, experience and knowledge with a wider audience.

Finally, I would like to express my gratitude to all the academicians, referees and our editorial team who
supported the publication of our journal. Thanks to your trust and support, we have been able to realize
this exciting project. As a pioneer of innovative thinking and academic research, our journal will
progress to an even brighter future in the light of scientific developments.

Each article, which has undergone rigorous review by our respected referees, has been carefully selected
to provide the best and most reliable version of scientific knowledge. Therefore, you can confidently
refer to the content in New Horizons and get important tips to move your research forward.

Our goal is to move the world of science even further and find solutions to the problems facing humanity.
The contributions of you, our esteemed academicians, researchers and scientists, will play an important
role in the success of our journal. New Horizons will help you leave your mark on your scientific impact
by giving you the opportunity to share your knowledge and experience with the world.

We sincerely hope that the International Journal of New Horizons in Sciences (JIHSCI) will be full of
success in its publication life. At every step in the world of science, the support of our esteemed readers
will carry us further and make our journal even more valuable. | wish that the International Journal of
New Horizons in Natural and Applied Sciences will be full of success in its publication life.

Lecturer Mustafa OF

Kocaeli/Tiirkiye, December 2023
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OZET: Hizla degisen otomotiv sektoriinde, agir vasita araglarimin hafifletilmesi, emisyon degerlerinin azaltilmast
ve enerji verimliliginin artirilmast biiyiik bir énem tagimaktadir. Bu hedeflere ulagmak icin takviyeli poliamit
malzemelerin kullamimi giderek yayginlagmaktadir. Bu malzemeler, yiiksek mukavemet/agirlik oranina sahip
olmalaryla dikkat ¢ekiyorlar ve otomotiv endiistrisinde tercih edilmektedirler. Poliamitler, geri doniistiiriilebilir
termoplastik polimer malzemem olmalariyla cevre dostu bir secenek sunmaktadirlar. Ozellikle cam elyaf takviyeli
poliamitler, hem dayanikli hem de hafif malzemelerin elde edilmesini saglamaktadirlar. Bu ¢alismada, agir ticari
araglarda kullanmilan hava siispansiyon koriigiiniin ara¢ alt dingil baglantisimi gergeklestirmeye yarayan
stispansiyon pistonunun, geleneksel soguk metal sekillendirme yerine hammaddesi cam elyaf takviyeli termoplastik
kompozit malzemeden tiretimi gerceklestirilmistir.

ANAHTAR KELIMELER: Kompozit Malzeme, Siispansiyon Pistonu, Termoplastik Polimer

ANALYSIS AND PRODUCTION OF SUSPENSION PISTON PRODUCED WITH GLASS FIBER
REINFORCED COMPOSITE THERMOPLASTIC POLYMER MATERIAL

ABSTRACT: In the rapidly changing automotive industry, it is of great importance to lighten heavy vehicles,
reduce emission values and increase energy efficiency. To achieve these goals, the use of reinforced polyamide
materials is becoming increasingly common. These materials stand out for their high strength-to-weight ratio and
are preferred in the automotive industry. Polyamides offer an environmentally friendly option as they are
recyclable thermoplastic polymer materials. In particular, glass fiber reinforced polyamides provide both durable
and light materials. In this study, the suspension piston, which is used to connect the lower axle of the air
suspension spring used in heavy commercial vehicles, was produced from glass fiber reinforced thermoplastic
composite material instead of traditional cold metal forming.

KEYWORDS: Composite Material, Suspension Piston, Thermoplastic Polymer

Date of Submission: 14.11.2023 Date of acceptance: 22.12.2023
https://doi.org/10.5281/zenodo.10446647

1. GIRIS

Dinamik ve hizl1 gelisen otomotiv sektoriinde giin gectikce siirekli artis gostermekte olan performans
talepleri, ¢evresel risklerin azaltilmas1 ve siirdiiriilebilir enerji yaklasimlar1 ve tiretimde kullanilacak
malzemelerin mekanik 6zelliklerinin genis bir skalada olmasi gerekmektedir (Anand ve Dutta,2013).
Bu beklentiyi karsilamak ise geri doniistiiriilebilir malzeme kullanmak ve emisyon degerlerini diisiirmek
gibi eylemlerle miimkiindiir. Emisyon degerlerini diisiirmenin yollarindan bir tanesi de araci olusturan
pargalarda hafifletme calismalar1 yapmaktir. Polimer matris esasli kompozit malzemelerin kullanimi,
miihendislik problemlerinin agilmasina imkén verdiginden dolay1 endiistride kullanimlar1 yaygin hale
gelmistir (Ozdemir v.d.,2021).

Kompozit malzemeler, ¢ok giiclii ve sert olmalariyla birlikte ayn1 zamanda ¢ok hafif olmalari
nedeniyle endiistri igin kullanish malzemelerdir. Mukavemet/agirlik ve sertlik/agirlik oranlari ¢elik veya
aliminyumdan daha yliksek olabilmekte ve ayrica metaller, seramikler veya polimerlerle tek basina elde
edilemeyen mekanik 6zellik kombinasyonlarini elde etmek miimkiin olabilmektedir (Malhotra v.d.,
2012). Kompozit malzemeler, sayisi birden fazla olan bilesenlerin mikro veya makro seviyede bir araya
getirilmesiyle olusan malzemelerdir (Karakog,2009). Kompozit malzemeler, genellikle matris, takviye
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ve dolgu bilesenlerinden olusmaktadir (Ilhan ve Feyzullahoglu,2019). Termoset matrisler, ucuz ve
kaliplama teknolojilerine uygun olmalariyla endiistride tercih edilmektedirler. Fakat termoset
malzemelerin geri doniistiiriilmesi ve tekrar kullanilmasi ise, termoplastik malzemelere kiyasla farkli ve
karmagik geri doniisiim siiregleri icermektedir(Yang vd. 2012, Asmatalu vd. 2014). Termoplastik
matrisler ise termoset matrislerin aksine geri doniistiiriilebilir malzemelerdir. Termoplastik malzemeler,
tretimin sonunda da sicaklik degerlerinde degisiklikler yapilarak tekrardan form verilebilir hale
getirilebilmektedir. Sicaklik degerlerinde meydana gelen degisiklikler sonucunda termoplastik
matrislerin sadece fiziksel oOzellikleri degismekle birlikte, kimyasal oOzelliklerinde bir degisiklik
olmamaktadir(Ozer,2015).

INTERNATIONAL JOURNAL OF NEW HORIZONS IN THE SCIENCES (JIHSCI), Volume: 1, Issue: 2 (Dec 2023)

Polimer matris esasli kompozitler, miihendislik problemlerinin asilmasina imkén verdiginden dolay1
son yillarda popiiler hale gelmistir (Ozdemir v.d., 2020). Matris malzemesi yiiksek sicakliklardaki
davranisina gore termoset ve termoplastik polimerler olarak siniflandirilir. Termoset malzemelerin tistiin
gerilme ve sicaklik dayanimlari olmasina ragmen iiretime yatkinlig1 azdir ve geri doniistiiriillemezler.
Termoplastikler ise geri doniistiiriilebilir ve seri iiretime uyarlanabilir olmasindan dolay1 giinden giine
kullanimlar1 artmaktadir. Termoset ve termoplastik polimerlere ilave olarak ise cam fiber, karbon
fiberler, alimina fiberler, aramid fiberler ve bor fiberler kullanilmaktadir.

Cam elyaflar, takviye malzemeleri arasinda gdsterdikleri 6nemli mekanik ve kimyasal 6zellikleriyle
kompozit malzemelerde yaygin olarak yer alir(Deogonda ve Vijaykumar, 2013). Cam elyaf takviyeli
plastik kompozit malzemeler; 6zgiil dayanimlarinin ve 6zgiil sertlik degerlerinin yiiksek olmast, ve hafif
olmalariyla birlikte uzay, havacilik, otomotiv ve diger endiistriyel uygulamalarda bu malzemeye olan
ilgi artmaktadir (Smith,1999).

Termoplastik malzeme c¢esitlerinden bir olan cam elyaf takviyeli PA66 malzemesi, yiiksek sicaklik
ve basinglarda, sogutucu sivilara dayanikli oldugu igin otomobil radyator tanki {ist kapak ve
termostatlarda kullanilmaktadir(Giir,2011). Epoksi baglayicilara dayali cam elyaf takviyeli plastikler
havacilik sektoriinde siklikla kullanilmaktadir. Bu malzemeler, ugak yapilarinin farkli boéliimlerini
olusturmak icin ideal bir segenek olusturmaktadir. Ozellikle diisiik sicaklikta dahi miikemmel
performans gostermeleri ve zorlu kosullarda dayanikliliklarini korumalart 6nemli avantajlar
sunmaktadir. Hafiflik, dayaniklilik ve genis sicaklik araliginda calisabilme kabiliyetleri, ucak
yapilariin giivenligi, verimliligi ve uzun omiirliiliik a¢isindan biiyiik bir deger tasimakta oldugundan
havacilik endiistrisi igin kritik 6nem tagimaktadir (Sokolov v.d., 2015).

Mortazavian ve Fatemi, kisa cam lifi ile kuvvetlendirilen termoplastik kompozit malzemelerin gekme
kuvvetinin yone bagl olarak degismesini incelemisler ve enjeksiyon kaliplamada akisin ydniinde
malzemenin ¢ekme dayanimi yiiksek ¢cikmistir (Mortazavian ve Fatemi, 2015). Toptas ve Findik, sonlu
elemanlar yontemini kullanarak, fiberlerle giiglendirilmis termoplastik matrisli ve dikdortgen delikli
celik kompozit plakalarin elastik gerilme, kalic1 deformasyon ve plastik sekil degistirmesini incelemisler
ve karbon, cam ve karbon-cam elyaf takviyeli kompozit malzemelerde en yiiksek mukavemet degerinin
tic modelin iginde karbon-cam elyaf takviyeli kompozit modelde oldugu gozlemlenmistir (Toptas ve
Findik, 2023). Tan yaptig1 caligmada poliamid 66+PA61/6T enjeksiyon kaliplama parcalarinin ¢arpilma,
hacimsel biiziilme ve ¢evrim siiresi tizerindeki etkilerini belirlemek i¢cin RSM ve GWO yontemlerini
kullanarak optimize edilen tasarim degiskenleriyle, polimer kompozitin amag¢ degerleri ve ¢ekme
modiilii arasindaki etkilesimi arastirmis ve her iki optimizasyon yontemiyle elde edilen sayisal
degerlerle test numuneleri iizerindeki artik gerilmeler azaldigi sonucunda ulasmistir (Tan,2020).
Tilizemen ve arkadaglari, aliminyum alasimi ve PA66+PA6-HI cam elyaf takviyeli plastik matris
kompozit malzeme olmak iizere iki farkli malzeme {izerinde g¢alismislardir. Kompozit malzemeli
tasarimin hem mekanik hem de hafiflik hususlarini karsiladig1 sonucunda ulagsmiglardir (Tiizemen v.d.,
2015)

Kompozit malzemeler hakkinda yapilan ¢alismalarda sonlu elemanlar yonteminin siklikla
kullanildig1 goriilmektedir. Sonlu elemanlar yénteminin genel prensibi par¢adan biitiine gitmektir(Liu
ve Quek,2003). Sonlu elemanlar analizi; mithendis ve bilim insanlarina, karmagik geometrilerin veya
yapilarin imal edilmeden once gercek diinyadaki fiziksel etkilere nasil tepki verecegini dnceden analiz
ederek yardimci olmaktadir (Damlar v.d., 2014). Giiniimiiz endiistrisinde sonlu elemanlar analizi,
kaliteyi optimize etmek ve bilesenlerin maliyetlerini azaltmak amaciyla kullanilmaktadir (Rusu v.d.,
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2018). Sonlu elemanlar analizi ile; tasarim siireci iyilestirilerek daha iyi dayanimlara sahip tiriinler
iiretilebilir ve prototip imalati azaltilarak maliyet, zaman, siirdiiriilebilirlik ve enerji verimliligi agisindan
avantaj saglamaktadir.

Bu calismada cam elyaf takviyeli termoplastik polimer malzeme kullanilarak hava siispansiyon
sisteminin elemanlarindan biri olan siispansiyon pistonunun tasarimi, sonlu elemanlar analizi ve {iretimi
gergeklestirilmistir.  Calismaya Oncelikle literatlir taramasi yapilarak baslanmistir. Literatiir
taramalarindan elde edilen bilgiler géz 6niinde bulundurularak silispansiyon pistonu tasarlanmis ve
sonrasinda sonlu elemanlar metodu ile analizi yapilmistir. Analiz sonuglariyla gerekli dogrulamalar
yapildiktan sonra siispansiyon pistonunun plastik enjeksiyon kalip tasarimi, analizi ve iretimi
gergeklestirilmistir.

2. MATERYAL VE YONTEM
2.1. Siispansiyon Piston Tasarim

Siispansiyon pistonunun tasarim asamasina gecilmeden once literatiir arastirmasi yapilmis ve bu
aragtirmalardan elde edilen bilgiler goz onlinde bulundurularak siispansiyon pistonu tasarimi
tamamlanmistir. Siispansiyon pistonunun CAD ortamindaki iki boyutlu goriintiisii Sekil 1a’ da ve {i¢
boyutlu goriintiisii Sekil 1b’ de verilmigtir.

194

48 |

175

(a)

(b)

Sekil 1. Siispansiyon pistonunun iki boyutlu (a) ve iti¢ boyutlu (b) gériintiileri
2.2. Kalip Tasarim

Siispansiyon pistonunun tasarimi tamamlandiktan sonra, plastik enjeksiyon kalip tasarimi da
basartyla tamamlanmustir. Sekil 2' de goriilen plastik enjeksiyon kalibi, bir yolluk icermektedir. Bu kalip,
alt-uist plaka, ¢ekirdek, kalip itici pimleri, kolonlar, civatalar ve burglar gibi temel kalip elemanlarim
icermektedir.

Kullanilan malzemeler, kalip elemanlarinin dayanmikliligini ve performansini artirmak amaciyla
dikkatle segilmistir. Ozellikle malzeme segimi, belirli gereksinimlere uygun olarak yapilmistir:

Alt ve iist plakalar i¢in 1050 imalat ¢eligi tercih edilmistir. Bu celik, yiiksek mukavemeti ve
dayanikliligi ile bilinmektedir. Cekirdek, 2379 soguk is takimi ¢eliginden imal edilmistir. Bu ¢elik tiiri,
kaliplama islemleri i¢in uygun bir se¢enektir ve dayaniklilik saglar. Kalip itici pimler 6zel alagiml
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celikten iiretilmistir. Bu gelik tiirii, yiiksek sicakliklara dayanabilme yetenegi ile kalip itici islevini yerine
getirmektedir. Kolonlar i¢in imalat c¢eligi tercih edilmistir, bu da dayaniklilik ve uzun Omiir
saglamaktadir. Burclar ise 6zel alasimli ¢elikten iiretilmistir, bu sayede aginma direnci ve dayaniklilik
artirtlmistir. Bu kalip tasarimi, siispansiyon pistonunun iiretiminde kalite ve verimliligi artirmak
amactyla gelistirilmistir. Kaliteli malzemelerin kullanilmasi ve dikkatli tasarim siireci, iiriiniin uzun
Omiirlii olmasini ve istenilen performansi saglamasin saglamaktadir.

—

— ]()

Sekil 2. Plastik enjeksiyon kalibt icin kapalr halinin (a) iisten ve (b) yandan iki boyutlu tasarim gérseli
2.3. Hammadde

Siispansiyon pistonunun tasarim siirecinde, akigkanlik durumu oldukega kritik bir parametredir. Bu
nedenle, iriiniin basarili bir sekilde {iretilebilmesi ve istenen 6zelliklere sahip olup olmadiginin
belirlenebilmesi amaciyla, plastik enjeksiyon kalib1 tasariminda akigkanlik analizi gergeklestirilmistir.
Bu analiz, kalip i¢indeki plastik malzemenin akis davranigini, dolgulugunu ve soguma siireglerini
ayrmtili bir sekilde incelemeyi hedeflemektedir. Ozellikle, cam elyaf takviyeli kompozit yapidaki
termoplastik polimer malzemeler i¢in yapilan bu analizin sonuglari, tirtiniin kalitesini ve performansini
belirlemede 6nemli bir rol oynamaktadir.

Tablo 1. Cam elyaf takviyeli kompozit yapida termoplastik polimer malzemenin genel ozellikleri

Malzeme Ozellikleri Degerler
Yogunluk (g/cm?) 1,36
Denge Nemi (%) 19
Kalip Cekmesi (%) (Paralel) 0,4
Erime Sicakligi (°C) 245
Kalip Cekmesi (%) (Paralel) 1,1
Cekme Modiilii (MPa) 8000
Young Modiilii (MPa) 9300
Egilme Mukavemeti (MPa) 275

2.4. Sonlu Elemanlar Yontemi ile Siispansiyon Pistonunun Statik Analizi

Siispansiyon pistonunun sonlu elemanlar yontemi ile statik analizi yapilarak tiretimi tamamlandiktan
sonra gercek fiziksel kosulara nasil tepki verecegi hakkinda bilgi edinilmistir. Analiz ortaminda
uygulanan sinir sartlart Sekil 3’ te goriilmektedir. Sekil 4a’ da 245.000 N yiik sinir sart1, Sekil 4b’ de
slispansiyon pistonunun sabitlendigi bolgeler ve Sekil 4¢’ de ise siispansiyon pistonunun alt yiizeyine,
temas yiizeyinin hedef yiizey lizerinde tegetsel kayma hareketi gergeklestirebilmesi igin tegetsel kayma
kisitlamasi verildigi goriillmektedir.
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B Frictiontess Support:

[l Forcer 24504005 N
Campeeants: 0.0.24% 0

(a) (b) ()

Sekil 3. Yiik simwr sarti (a), mesnet sinwr sarti (b) ve tegetsel kayma kisiti (c)

Analiz ortaminda sinir sartlari girildikten sonra mesh uygulama asamasina gegilmistir. Siispansiyon
pistonunun mesh uygulanmis goriintiisii Sekil 4’ te, ayrica mesh ag degerleri Tablo 2’ de verilmistir.

Sekil 4. Tasarimin mesh uygulanmus goriintiisii

Tablo 2. Sonlu elemanlar ag degerleri

Eleman Sayis1 | Diigiim Nokta Sayisi
101864 407410

Mesh islemi de tamamlandiktan sonra sinir sartlar1 6nceden girilmis olan silispansiyon pistonunun
analiz sonuglari elde edilmistir. Sekil 5a’da yer degistirme ve Sekil 5b’ de es deger gerilme sonucu
goriilmektedir. Analiz sonuglar1 Tablo 3’te gosterilmistir. Analiz sonuglarina gore maksimum yer
degistirme 3,42 mm, maksimum es deger gerilme ise yaklagik olarak 328 MPa oldugu goriilmiistiir.
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D: PAG6 CF 30
Directianal Deformation

Type: Directional Deformation(Z Axis
Unit: mm
Global Coordinate Syste
Tirme: 1

0 Max
-038
-0.76001
-1.14

(a)
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D: PAG6 CF 30
Equivalent Stress
Type: Equivalent fvon-Mises) Stress (Bwerage Across Badies)
Unit: MPa
Time: 1

327.68 Max

0.15846 Mi

(b)
Sekil 5. (a) Yer degistirme sonucu (mm) ve (b) es gerilme sonucu (MPa)

Tablo 3. Analiz Sonuglar

Maksimum yer
degistirme (mm)

Maksimum es deger
gerilme (MPa)

3,42

328

2.5. Siispansiyon Piston Uretimi

Tasarim ve analiz agamalarinda sonra siispansiyon pistonunun iiretim asamasina gegilmistir.
Siispansiyon pistonu iiretimi plastik enjeksiyon yontemi ile gerceklestirilmistir. Uretimi gerceklestirilen

stispansiyon pistonu Sekil 6’ da paylasilmustir.

Sekil 6. Plastik enjeksiyon yontemi sematik gosterimi

3. BULGULAR

Uretimi gergeklestirilen siispansiyon pistonunun yiik tasima kapasitesinin belirlenmesi amaciyla
basma testi uygulanmustir. Bu test, siispansiyon pistonunun dayanikliligini ve uygulanan yiik altindaki
deformasyonunu belirlemek igin gerceklestirilmistir. Test siirecinde, 300.000 Newton yiik altinda
pistonun dayanikliligi degerlendirilerek, maksimum dayanim noktasi ve deformasyon egilimi analiz
edilmistir. Basma-kirma test cihazina yerlestirilen siispansiyon pistonu Sekil 8’ de goriilmektedir.
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Sekil 8. Basma-Kirma test cihazina yerlestirilen prototip

Basma testinin sonuglar1 Sekil 9° da verilmistir. Basma testi sonucuna gére maksimum yer degistirme
2,23 mm ¢ikmustir.

Kuvvet-Yer degistirme Grafigi
350000

300000

250000

200000

150000

Uygulanan Kuvvet (N)

100000

50000

o o o o o o o o O © © @~ o o o o e e

Yer degistirme (mm)

Sekil 9. Basma testi sonug grafigi

Basma testinde kuvvetlere gore yer degistirme miktar1 degerleri Tablo 4’ te verilmistir. Slispansiyon
pistonun 300.000 N yiik degerinde yer degistirme miktar1 2,23 mm degerine yakinsadig i¢in basma testi
bu degerde sonlandirilmstir.

Tablo 4. Basma testi sonucu elde edilen kuvvet-yer degistirme verileri

Kuvvet (Newton) Yer degistirme (mm)
22380 0,11
40800 0,14
64730 0,17
97280 0,20

131890 0,23
167300 0,26
202450 0,29
237630 0,32
270860 0,36
273200 0,52
282750 0,53
298500 1,43
300000 2,19
300000 2,20
300000 2,21
300000 2,22
300000 2,23
300000 2,23
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4. TARTISMA

Calismada otomotiv sanayisinde artan ¢evreci yaklagimi karsilamak amaciyla termoplastik polimer
slispansiyon pistonu tiretimi gerceklestirilmistir. Termoplastik polimer siispansiyon pistonu sayesinde
ciddi bir oranda kiitle azalis1 saglanmistir. Bu konu dahilinde daha hafif ve metal siispansiyon
pistonlarina gore mukavemet bakimindan yeterli plastik siispansiyon pistonu kullanilabilirligi
tartistlmigtir. Ayrica plastik silispansiyon pistonu farkli kompozit malzemelerden imal edilerek
mukavemet degerinin arttirtlmasi hakkinda calisma yapilabilir.

5. SONUC
Bulgulardan elde edilen sonuglara gore;

e Basma testi sonuglarinda elde edilen verilerin, analiz sonuglariyla hafif bir fark gostermesi,
analiz agamasinda kullanilan mesh (ag 6rgii) kriterlerinin daha iyi bir sekilde yapilabilecegini
isaret edebilir. Bu durum, analizin dogrulugunu ve giivenilirligini artirmak i¢in mesh uygulama
stirecinin daha dikkatli ve hassas bir sekilde gergeklestirilmesi gerektigini gostermektedir.

e Seri iiretime uygun geri doniistiiriilebilir bir siispansiyon pistonu iiretimi gerceklestirilmistir.

e Termoplastik polimer siispansiyon pistonu, metal siispansiyon pistonuna goére daha kisa
stirelerde imal edilebilirligi goriilmiistiir.

e Termoplastik polimer siispansiyon pistonu sayesinde ¢elik siispansiyon pistonlarina gére %70
oraninda agirligl azaltilmis daha hafif ve metali ikame eden siispansiyon pistonu imal
edilebilecegi goriilmiistiir.

e Termoplastik polimer siispansiyon pistonlarinin araglarda kullanilmasi, araglarin hafiflemesine
ve bu nedenle emisyon degerlerinde diisiis yasanmasina katki saglayabilecegi ongoriilmektedir.
Bu durum ¢evre dostu ve siirdiiriilebilir bir otomotiv endiistrisinin hedeflerine ulasma yolunda
o6nemli bir adim olarak degerlendirilmektedir.

e Termoplastik polimer siispansiyon pistonu {iretimi sirasinda kaynak gibi ek islemlere ihtiyag
duyulmadigindan dolayi is¢ilik ve hammadde maliyetlerinin azaltilabilecegi ve ayn1 zamanda
daha verimli bir {iretim siireci sunacag goriilmiistiir.

TESEKKUR

Bu proje Demircioglu Group Ar-Ge Merkezi tarafindan desteklenmistir. Desteklerinden dolay1
Demircioglu Group ydnetimi ve ¢alisanlarina tesekkiir ederiz.
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OZET: Otomotiv endiistrisi, diinya capinda ve iilkemizde siirekli olarak gelisme géstermekte ve bu gelisimle
birlikte kalite beklentileri de artmaktadir. Artan kalite beklentileriyle beraber, kalite problemlerine ¢oziim yollart
aranmaktadir. Bu baglamda bulunan ¢oziim yollarindan biri ise iiretim stireglerini iyilestirmektir. Gelistirilen
tiretim siire¢leri, iiriinlerin daha hassas bir sekilde islenmesini miimkiin kilarak daha dar tolerans araliklarinda
tiretim yapilmasina olanak tamimaktadir. Hassas bir iiretim gerektiren ve sik¢a otomobillerde kullanilan
tirtinlerden biri de stabilizator, anti roll bar ve denge mili olarak da adlandirilan viraj denge ¢ubugudur. Ayni
zamanda denge mili veya yanal kontrol ¢ubugu olarak da adlandirilan viraj denge ¢ubugu, arag siispansiyon
sisteminin kritik bir parcasidwr. Viraj denge ¢ubugu,, havali siispansiyon koriikleriyle koordineli bir sekilde
calisarak aracin virajlarda, dénme esnasinda olusan merkezkag kuvveti nedeniyle yana yatmasini ve savrulmasini
onler. Bu sayede aracin yol tutus kabiliyetini artirarak siiriis giivenligini iyilestirir. Bu ¢alismada kafa ezme
prosesinde viraj denge ¢cubugunda bulunan iki u¢ kafanin simetrik olmamasina sebep olan burkulma problemine
modiiler aparat tasarimi ve imalati yapilarak ¢oziim aranmigtir.

ANAHTAR KELIMELER: Viraj Denge Cubugu, Denge Mili,Aparat Tasarimi, Sicak Sekillendirme

DESIGN AND PRODUCTION OF APPARATUS FOR THE SOLUTION OF BUCKLING
PROBLEM IN THE HEAD CRUSHING PROCESS IN THE ANTI-ROLL BAR
PRODUCTION STAGES

ABSTRACT: The automotive industry is constantly developing around the world and in our country, and with this
development, quality expectations are also increasing. With the increasing quality expectations, solutions to
quality problems are sought. One of the solutions in this context is to improve production processes. The developed
production processes make it possible to process the products more precisely, allowing production to be carried
out within narrower tolerance ranges. One of the products that requires precise production and is frequently used
in automobiles is the anti-roll bar, also called stabilizer, anti-roll bar and balance shaft. The anti-roll bar, also
called the stabilizer shaft or lateral control bar, is a critical part of the vehicle suspension system. The anti-roll
bar works in coordination with the air suspension bellows to prevent the vehicle from tilting and skidding due to
centrifugal force during cornering. In this way, it improves driving safety by increasing the handling ability of the
vehicle. In this study, a solution was sought by designing and manufacturing modular apparatus for the buckling
problem, which causes the two end heads in the anti-roll bar to be unsymmetrical in the head crushing process.

KEYWORDS: Anti-Roll Bar, Balance Shaft, Apparatus Design, Hot Forming

Date of Submission: 13.11.2023 Date of acceptance: 19.12.2023
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1. GIRIS

Genellikle yiik tasimak i¢in kullanilan agir vasita ticari araglarmn giiniimiizde kullanimi oldukca
yaygindir. Agir vasita araglarin giivenli bir sekilde gidecegi yere ulagsmasi 6nem arz etmektedir. Bu
yilizden araglarin yol tutus kabiliyetini iyilestirmek gereklidir. Yol tutus kabiliyetini iyilestirmenin
yollarindan biri de siispansiyon sistemini gelistirmektir. Stispansiyon sistemi elemanlarindan biri de
viraj denge ¢ubugudur (Madhukumar v.d., 2023). Viraj denge gubugu, diinya ¢apinda “stabiliser bar”
ve “anti-sway bar” ismiyle de ge¢mektedir (Mastura v.d., 2017). Viraj denge ¢ubugu, sag ve sol
stispansiyon elemanlarini birbirine baglayan bir mil veya borudur (Bharane v.d., 2014). Agir vasita
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araclarin ¢ogunda, yuvarlanma stabilitesini artirmak ig¢in tiim akslarda viraj denge cubuklar
bulunmaktadir. Viraj denge cubugu genellikle ¢elik malzemeden yapilir ve sasi govdesi ile sag ve sol
tekerleklere baglanan bir yay gorevi gérmektedir (Vu v.d., 2016).

Viraj denge cubugunun ana islevi siispansiyon sisteminin rijitligini artirarak virajlarda aracin
devrilmeye olan egilimini azaltmaktir. Ayrica bir diger islevi, yoldaki bozukluklar sebebiyle aragta olan
yalpalanmay1 engellemektir. Viraj denge ¢ubugunun bir diger faydasi da kamber agis1 degisimini
sinirlayarak cekisi iyilestirmesidir (Bharane v.d., 2014). Viraj denge ¢ubuklarindan bazilar1 siddetli
govde yuvarlanmalarinda siispansiyona uygulanan toplam dikey yiikiin %30-40'm1 alacak sekilde
iretilebilmektedir (Bayrakgeken v.d.,2006). Viraj denge ¢ubugu, bu avantajlar sayesinde agir vasita
aracglarin yol tutugsunun iyilestirilmesinde rol oynamaktadir.

Viraj denge ¢ubugunun avantajlarinin yaninda bazi dezavantajlar1 da vardir. Ornegin arag tiimsekler
iizerinde hareket ederken viraj denge cubugunun diger tekerlegi kaldirma egiliminde olmasidir. Bu
durum aragta dengesizlige neden olur. Ayrica, bu kuvvet iticidir ve viraj denge ¢ubugu iizerinde biiylik
bir torka neden olan biiylik bir biiyiikliige sahiptir. Bu nedenle, viraj denge ¢ubugunun ¢arpma sirasinda
darbeyi siirdiirebilecek kadar burulma sertligine sahip olmasi gerekir (Yadav, 2020). Bu yiizden tasarim
ve imalat asamasinda bu 6zelliklerin viraj denge ¢gubuguna kazandirilmasi gerekmektedir.

Viraj denge gubugunun kompleks olmayan bir isleve sahip olmasina ragmen ara¢ agirlik aktarimi
yuvarlanma direnci, arag ve siispansiyon geometrileri gibi faktorlerden etkilenmektedir. Bu sebeple viraj
denge ¢ubugu tasarim agsamasinda homojen ara¢ agirlik dagilimi, kol kisimlarinda esneme olmadigi ve
viraj alma kosullarinin sabit durumda oldugu kosullar varsayilmaktadir (Wheatley ve Zaeimi, 2022).
Dogru tasarlanmis bir aktif siispansiyon sistemi ile islevini iyi bir sekilde yerine getiren viraj denge
cubugu tiretilebilir. Arag siispansiyonunun tasariminda siiriis konforu ve kontrol edilebilirlik kriterleri
aynt anda saglanamaz. Genel olarak tasarimci iki parametre arasinda goreceli bir Odiinlesimle
sonu¢lanacaktir. Coziimlerden biri, sistemin &zelliklerini yol ve siiriis kosullarina gére degistirmek icin
siispansiyon sisteminde aktif elemanlarin kullanilmasidir. Ciddi siiriis kosullarindan biri, bir arabanin
keskin bir donlise veya viraja yiiksek hizla gelmesidir. Sinirlayict kosullarin asilmasi, aracin
devrilmesine neden olabilir ve hasara ve yaralanmalara neden olabilir (Kurhe ve Daspute, 2018).

Patrak ve arkadaslari, yaptiklar ¢aligmada viraj denge ¢ubugu tasarim asamasini belli kisitlart ele
alarak tamamlamiglardir. Sonrasinda belirli kisitlar altinda c¢alisacak viraj denge c¢ubugunun
malzemesini belirlemek amaciyla viraj denge c¢ubuguna etki edecek burulma kuvvetleri iceren
simiilasyon c¢alismasi yapmislardir. Harshal ve arkadaslari, viraj denge cubugunun sertligine etki eden
¢ubugunun daha az boliimiiniin biikiilmeyesiyle elde edilecegi ve viraj denge ¢ubugunun esnekligi
acisindan, burglarin birbirinden uzak olmasi gerektigi sonucuna varmiglardir (Harshal v.d., 2014). Topag
ve arkadaglari, sehirlerarasi yolcu otobiisii i¢in tasarlanmisg viraj denge ¢ubugunun biikiim kisimlarindaki
gerilim yogunlugunu gidermek amaciyla viraj denge ¢ubugunda bulunan kritik bolgelerin seklini
optimize etmisler ve bu sayede gerilme yogunlasmasini azaltmiglardir (Topag v.d., 2011)

Bu caligma, viraj denge ¢ubugu iiretim siirecinde karsilagilan bir sorunu ¢é6zme amaci tagimaktadir.
S6z konusu sorun, viraj denge ¢ubugu iiretim agamalarindan biri olan kafa ezme prosesi ile ilgilidir. Bu
proses sirasinda, viraj denge cubugunun kafa kismi 1sitilarak presle sekil verilirken, ¢ubugun iyi bir
sekilde sabitlenmedigi durumlarda burkulma sorunu meydana gelmektedir. Bu sorunun sonucunda,
denge ¢ubugunun araclara sagladigi yol tutus performansinin azalmasi ve silispansiyon sistemine
montajinin yapilamamasi gibi olumsuz durumlar ortaya ¢ikmaktadir. Burkulma problemini engellemek
amaciyla, operator etkisi azaltilarak ve iki u¢ kafanin simetrik olmasini saglayarak, modiiler bir aparatin
tasarlanmasi hedeflenmektedir. Bu aparat, viraj denge cubugu kafa ezme prosesinde daha giivenilir ve
tekrarlanabilir sonuglar elde etmeyi amaglamaktadir. Bu sayede yol tutus performansinin diismesi ve
montaj sorunlar1 gibi olumsuz etkilerin dnlenmesi amag¢lanmaktadir.

2. MATERYAL VE YONTEM

Viraj denge c¢ubugunun burkulma problemini gidermek amaciyla, Solidworks CAD yazilimi
kullanilarak modiiler aparatin tasarim1 baslatilmistir. Bu tasarim asamasinda, aparatin her bir pargasinin
detayli 2D ve 3D modellemesi yapilmistir. CAD tasarimi tamamlandiktan sonra, tiretim siireglerini
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yonlendirebilmek igin bu tasarimlar CAM yazilimina aktarilmigtir. Ayrica, her parcanin teknik ¢izimleri
olusturulmus ve standartlara uygunlugu saglanmistir. Parcalarin tiretimi i¢in, CNC torna ve CNC freze
tezgahlar1 kullanilmistir. Bu makineler, hassas isleme saglamak amaciyla CAD/CAM verilerini
kullanmistir. Ham malzemeler bu tezgahlarda islenerek parcalar elde edilmistir. Uretilen pargalar,
modiiler aparatin son montaj1 i¢in bir araya getirilmistir. Bu asamada, ayrica standart malzemeler de
kullanilmistir. Modiiler aparat, mevcut kafa ezme prosesine entegre edilmistir. Bu sayede, viraj denge
cubugu kafa ezme prosesine tabi tutulabilmistir. Islem goren viraj denge ¢ubugunun kalitesi, kumpas,
mihengir ve fikstiir gibi hassas 0Ol¢iim araglar1 kullanilarak kontrol edilmistir. Son olarak, iriiniin
tasarimi, ii¢ boyutlu lazer tarayici ile taranmis ve orijinal CAD tasarimui ile karsilastirilmistir.

2.1. Modiiler Aparatin Tasarimi

Modiiler aparatin viraj denge ¢ubugunun burkulma problemini engellemesine iligkin tasarimi
Solidworks ortaminda yapilmistir. Modiiler aparatin tasarimina baslanmadan 6nce 250 ton pres yiikii ve
viraj denge gubugunun mesnet noktalarinin piston basma ve pres basma noktalarina olan uzakliklarindan
yararlanilarak tutma kuvveti 2500 N olarak hesaplanmis ve bu tutma kuvvetine gére uygun pnoématik
klemp se¢ilmistir. Hesaplamalarda kullanilan viraj denge ¢ubugu serbest cisim denge diyagrami Sekil
1’ de verilmistir. Segilen pnomatik pistonun teknik 6zellikleri ise Tablo 1’ de verilmistir. Kafa ezme
prosesinde pnomatik klemp seciminde emniyet katsay1 hesabi da yapilmastir.

Tablo 1. Kullanilan pnomatik klemp teknik ozellikleri

Baski Kuvveti | Tutma Kuvveti Calisma Agisi

2000 N 2500 N 95°
F
1 Fz
: |
I -
—
\4 — l —
Mesnet G Mesnet
noktas Viraj denge nokrasi
qubugu

Sekil 1. Viraj denge cubuguna serbest cisim denge diyagrami

Sonrasinda, sirket i¢erisinde liretilen viraj denge cubuklarinin uzunluk ve cap 6lgiileri referans alinarak,
modiiler aparatin boyutlar1 belirlenmistir. Tasarim asamasi, toplam tasarim kiitlesine uygun tekerlek
secimi ile tamamlanmistir. Burkulma problemini Onlemek amaciyla, pndmatik pistonun ucuna
sabitlenmesine yardimci olan bir parca eklenmistir. Viraj denge ¢ubugunda, kafa ezme iglemi sirasinda
pres baski kuvveti nedeniyle meydana gelen uzamaya, izin veren kayar yatakli ve yay tamponlu bir
mekanizma kullanilmigtir. Modiiler aparatin farkli viraj denge ¢ubuklarina uyum saglayabilmesi icin
uzunluk ve yiikseklik ayar1 yapilabilen bir tasarim gerceklestirilmistir. Sekil 2'de, modiiler aparat
tasariminin farkl agilardan goriintiileri sunulmustur.
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Sekil 2. Modiiler aparat tasariminin iistten (a) ve onden (b) goriiniimii

Sekil 2’de goriilmekte oldugu tizere karkas yapi, sistemin ana tasiyici gorevini iistlenmektedir.
Alt ve iist plakalar sayesinde iist grup karkas yapiya montajlanmistir. Alt ve iist plakaya bagl kolonlar,
modiler aparatta yiikseklik ayar1 yapilirken kilavuzlama gorevi gormektedirler. Pnomatik silindir ve
ucuna baglanan parga, viraj denge cubugu kafa ezme prosesi esnasinda sabitleme gorevini
iistlenmektedir. Lineer kizaklar ve 43,8 N/mm rijitlik oran1 ve 13.3 mm stroke mesafesine sahip ¢elik
yaylar sayesinde viraj denge ¢ubugunun, lineer kizaklarin yataklandig1 eksende (—x) yoniinde yapacagi
harekete tepki kuvveti olusturulmus ve tek eksende serbestlik verilmesiyle viraj denge gubugunun
uzamasina izin verilerek kafa ezme isleminin daha verimli gerceklesmesi saglanmistir. Tekerlekler
sayesinde modiiler aparatin pres tezgahina olan uzakligi rahat bir sekilde ayarlanabilmektedir. Tasarim
asamasindan sonra imal edilecek {irlinlerin teknik resimleri ¢izilip liretim ve montaj agsamasina
gecilmistir.

2.2. Modiiler Aparat Parcalarinin Uretimi ve Montaji

Tasarlanan modiiler aparatta ham malzemeden islenerek kullanilan iiriinler; karkas yapi, plakalar,
viraj denge ¢ubugunu sabitlemeye yardimci parg¢a ve kolonlardir. Plakalar St-37 malzemesinin lazer
kesimiyle elde edilmistir. Viraj denge cubugunu sabitlemeye yardimci parga ve proses sirasinda viraj
denge ¢ubuguyla siirekli temas halinde olan plaka ise AISI 4140 ¢eliginden imal edilmistir. Sonrasinda
bu parcalara, sicak sekillendirme prosesi boyunca viraj denge g¢ubuguyla siirekli temas halinde
olacagindan, aginmamalari i¢in 1s1l islem uygulanmistir. Plakalarin lazer kesimi yapilip CNC freze
tezgahinda montaj delikleri agilmis ve sonrasinda oksidasyon iglemine tabi tutularak korozyona kars1
diren¢li hale getirilmistir. Disi ve erkek kolonlar AISI 4140 malzemesinin CNC torna tezgahinda
islenmesiyle imal edilmistir. Kolonlar kendi iglerinde birbirleriyle temas halinde olacagindan
islendikten sonra 1s1l isleme tabi tutularak sertlestirilmistir. Standart malzemeler temin edildikten sonra
montaj asamasina gecilmistir. Montaj1 tamamlanan modiiler aparatin viraj denge ¢ubugunun kafa ezme
prosesinde saha denemeleri yapilmistir.

3. BULGULAR

Modiiler aparatin montaj asamasi tamamlandiktan sonra, kafa ezme prosesine entegre edilerek
deneme ¢alismalar1 gerceklestirilmistir. Sahada yapilan bu ¢aligmalarin sonuglari, kafa ezme prosesi
tamamlanan viraj denge ¢ubugunun fiziksel ve bilgisayar tabanli kontrolleri ile degerlendirilmistir. Bu
degerlendirmeler sonucunda, modiiler aparatin kafa ezme prosesi tizerindeki etkisi ve performansi analiz
edilmistir. Kontroller, viraj denge ¢ubugunun istenilen kalite ve spesifikasyonlara uygun olarak
tiretildigini dogrulamak amaciyla yapilmistir. Bu ¢alismalarin sonuglarina dayanarak, modiiler aparatin
kafa ezme prosesi entegrasyonunun, viraj denge cubugu iiretiminde olumlu bir etkiye sahip olup
olmadigina dair kararlar verilmistir. Sekil 3’te viraj denge ¢ubugunun fiziksel kontroliine yer verilmistir.
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Sekil 3. Diklik kontrolii (a), mihengir ile 6l¢iim (b) ve kumpas ile dlgiim (c)

Modiiler aparat ile kafa ezme prosesi tamamlanan viraj denge ¢ubugu 3B lazer tarayici ile taranmustir.
3B tarama sonucundan alinan olciiler Sekil 4’te gdsterilmistir.
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Sekil 4. 3B tarama verisinden alinan Slgiiler

Sekil 4’teki viraj denge ¢ubugunun ag1 ve sehim degerlerinden goriilmektedir. Tarama islemi, {iriiniin
geometrik dogrulugunu teyit etmek amaciyla gergeklestirilmis ve elde edilen veriler, modiiler aparatin
iiretim prosesi {izerindeki olumlu etkilerini kanitlamistir.

4. TARTISMA

Caligmada, otomotiv sanayisinde cogunlukla agir vasita tasitlarda kullanilan viraj denge ¢ubugunun
kafa ezme prosesinde yasanan burkulma probleminin nasil 6niine gegilecegi arastirilmis ve bu problem
icin mevcut prosese modiiler aparat entegre edilmesi uygun goriilmiistiir. Modiiler aparat ile kafa ezme
prosesi gergeklesen viraj denge ¢cubugunun, sadece operatdr etkisinde olan kafa ezme prosesine gore
burkulma miktar1 istenen tolerans seviyelerine ¢ekilmistir. Bu kapsamda, viraj denge ¢ubugunun kafa
ezme prosesinde modiiler aparat ile islem gérmesinin gerekliligi tartigilmistir.

5. SONUC

Gergeklestirilen galisma sonucunda, modiiler aparat ile tamamlanan kafa ezme prosesinde islenen
viraj denge gubugunun, fiziksel 6l¢iimler ve 3B tarayici islemi sonucu elde edilen verilere dayanarak,
viraj denge cubugunun, kafa ezme prosesi sirasinda modiiler aparatin etkisiyle uygun tolerans
araliklarinda islem gérdiigii sonucuna varilmistir. Uretimi ve montaji yapilan modiiler aparat sayesinde;

e Viraj denge gubugunun kafa kisimlarinin simetrik olmasi saglanmistir,

e Kafa ezme prosesinde meydana gelen burkulma sorununa ¢6ziim bulunmustur,
e Operatorden kaynakli hata oranlar1 azalmistir,

e Hata oranlarinin azalmasiyla birlikte iiriin kalitesinde artis meydana gelmistir,
e Kafa ezme prosesi daha verimli hale getirilmigtir.
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ABSTRACT: Air pollution data integrity is paramount for effective environmental management and public health
protection. This study aims to address the issue of data integrity related to air pollution in Bursa and evaluates
various advanced imputation techniques to effectively complete missing data. Five different methods, including
linear regression, K-Nearest Neighbors (KNN), decision trees, random forests, and linear interpolation, are
compared for filling gaps in the PM.s dataset. Our findings demonstrate that these advanced imputation
techniques enhance the completeness and accuracy of air pollution data.

The significance of our study underscores the critical role of accurately and reliably completing missing air
pollution data in environmental management and public health. These findings can guide researchers in selecting
the most appropriate imputation method for the analysis of air pollution data. Additionally, this study establishes
a foundation for addressing the issue of missing data in future research and the formulation of environmental
policies.

KEYWORDS: Air Pollution, Data Imputation, Imputation Techniques

Date of Submission: 14.11.2023 Date of acceptance: 24.12.2023
https://doi.org/10.5281/zenodo.10446681

1. INTRODUCTION

Air pollution is a critical environmental issue with far-reaching consequences for public health and
the environment. Accurate and complete data on air quality is essential for monitoring and managing
pollution levels effectively. However, missing or incomplete data can be a common challenge in
environmental research. In this article, we explore various imputation methods to address missing air
pollution data in Bursa province, Turkey.

Bursa, located in northwestern Turkey, is one of the country's most populous and industrialized
provinces. Rapid urbanization and industrial growth have led to increased air pollution concerns in the
region. Monitoring air quality is vital to assess the impact of pollutants on public health and the
environment.

In this study, the PM s data of Bursa station, which has the same name as Bursa province, were taken
as a sample. The data obtained from this station were used as input for advanced techniques such as
linear regression, K-nearest neighbor (KNN), decision trees, random forests and linear interpolation.
For the linear regression method, PM2s data from Uludag University station, which is close to Bursa
station, were included in the study. By comparing and analyzing these methods, we aim to provide
insights into the most appropriate approach to load air pollution data in this region.
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Various data imputation methods can be used in meteorological air pollution datasets. One approach
is the use of ensemble-imputation-classification frameworks, which involve filling missing records
using single and multiple imputation procedures and then using an ensemble of diverse classifiers to
find the air pollution level (Narasimhan & Vanitha, 2023). Another method is based on multivariate
time series clustering, which imputes missing air pollutant concentration data by considering spatial and
temporal similarities between monitoring stations (Alahamade et al., 2021).

Neural networks, such as NARX neural networks, can also be employed for imputing missing data
in air pollutant sensors (Calle et al., 2020). Additionally, low rank matrix completion (LRMC) can be
used as a spatial interpolation method to impute missing values in air pollutants data sets (Liu et al.,
2020). Other techniques include mean imputation, spline interpolation, simple moving average,
exponentially weighted moving average, and Kalman smoothing on structural time series and
autoregressive integrated moving average models (Wijesekara & Liyanage, 2020). One study compared
five imputation methods, including mean imputation, conditional mean imputation, K-Nearest Neighbor
imputation, multiple imputation, and Bayesian Principal Component Analysis imputation, and found
that they were able to reconstruct the dataset with good performance in terms of completeness, errors,
and bias (Quinteros et al., 2019). Another study aimed to reduce uncertainty in air quality assessment
by experimenting with different approaches to estimate missing pollutant data at monitoring stations
and within time series (Alahamade et al., 2020). Additionally, a study evaluated four imputation
methods, including Mean Top Bottom, Linear Regression, Multiple Imputation, and Nearest Neighbor,
and found that Mean Top Bottom was the most appropriate method for filling in missing values in air
pollutants data (Zakaria & Noor, 2018). These methods are used to fill in missing values in the air
pollutants data obtained from continuous ambient air quality monitoring stations. The performance of
these imputation methods can be evaluated using measures such as Mean Absolute Error, Root Mean
Squared Error, Coefficient of Determination, and Index of Agreement (Hadeed et al., 2020).

2. METHODOLOGY

To mitigate the impact of missing data and ensure the completeness of air pollution records,
researchers and environmental scientists rely on imputation methods. Imputation techniques are
statistical approaches used to estimate or fill in missing values based on available information and
patterns within the dataset. These methods play a crucial role in data preprocessing, enabling more
robust analyses and modeling of air quality trends.

In this article, we delve into an exploration of common imputation methods employed in addressing
mis sing air pollution data. Each of these methods has distinct characteristics and advantages tailored to
accommodate the challenges posed by incomplete datasets. We have examined five imputation methods,
each tailored to address the challenges of missing air pollution data.

Linear Regression Imputation: Linear regression estimates missing values by fitting a linear model
based on available data. The imputed value ((Y;)) for the missing data point at position (i) can be
calculated as follows:

[Y; = Bo + B1X; + €] 1)

Where:

e (Y;) is the imputed value.

o (By) is the intercept of the linear model.

e (B;) isthe slope of the linear model.

e (X;) represents the available data for other relevant variables.
o (g) is the error term.
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K-Nearest Neighbors (KNN) Imputation: K-nearest neighbors imputation estimates missing
values by averaging the values of the K most similar data points. The formula for KNN imputation is:

[V =~ 2K, vy ] 2

K
Where:

e (Y;) is the imputed value.
e (K) is the number of nearest neighbors.
» (Y;) represents the observed values of the (j)-th nearest neighbor.

Decision Tree Imputation: Decision tree imputation uses a decision tree algorithm to predict
missing values. The imputed value (Y;) is determined based on the decision tree rules. Decision tree-
based imputation is a method that leverages decision tree models to estimate missing data points.
Decision trees are versatile algorithms that can capture complex relationships and non-linear patterns
within datasets. This approach is particularly effective when dealing with datasets where variables
interact in intricate and non-linear ways, allowing for more accurate imputations in such scenarios.

Random Forest Imputation: Random forests are an ensemble learning method that combines
multiple decision trees. The imputed value (Y;) is the average prediction from all the decision trees in
the random forest. Random Forest Imputation leverages this forest structure to predict missing data
points and often stands out for its enhanced predictive performance in the dataset.

Linear Interpolation: Linear interpolation estimates missing values by assuming a linear
relationship between consecutive data points. The formula for linear interpolation between two adjacent
data points (X,) and (Xy,) at times (t,) and (tp) is:

Xp—Xa
[V = S22 (6 — t) + X,] ®)

Where:

o (Y;) is the imputed value at time (t;).
e (X, and (X;) are the known values at times (t,) and (tp).
e (t;) isthe time for which imputation is needed.

3. FINDINGS

To evaluate the performance of these imputation methods, we collected PM,s data from Bursa
station. We introduced artificial missing values into the dataset to simulate real-world scenarios. In
addition, we also utilized air pollution data from the Uludag University station, located close to the
Bursa station, and used this data as a correlation dataset with no missing values.

The 24-hour PM,5 data of 2 stations obtained from the National Air Quality Monitoring Network
(UHKIA) of the Ministry of Environment, Urbanization and Climate Change of the Republic of Turkey
dated May 14, 2022, were used (Hava Kalitesi - Istasyon Veri Indirme | T.C. Cevre, Sehircilik ve Iklim
Degisikligi Bakanligi, n.d.).We removed 7 consecutive hours of data (from 04:00 to 10:00) from the
Bursa station from the data set.

In our comparative analysis, we placed a particular emphasis on understanding the shape and trend
of missing data patterns within the air pollution dataset. This involved closely examining the distribution
of missing values over time or space and identifying any discernible trends or patterns. Understanding
the temporal or spatial characteristics of missing data is crucial for selecting the most appropriate
imputation method, as different methods may be better suited to handle specific missing data profiles.
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Additionally, we paid special attention to instances of large consecutive missing data stretches within
the dataset. These extended gaps in the data can significantly impact the integrity of the dataset and,
subsequently, the accuracy of imputations. Identifying and addressing such consecutive missing data is
essential to ensure the reliability of the imputation results and the overall quality of the air pollution
dataset.

I;)]lHSCI

By focusing on both the shape and trends of missing data, as well as addressing consecutive missing
data, our analysis aimed to provide a comprehensive assessment of the performance and suitability of
different imputation methods in handling the unique challenges posed by the air pollution dataset in
Bursa station.

Figure 1 shows the comparison of 7 consecutive hours of missing PM_s values of Bursa station with
the actual values. Accordingly, it is seen that the closest data imputation process to the actual values of
the data at Bursa station is realized with the Linear Regression method using the data at Uludag
University station. The results of the other methods are far from a data imputation in accordance with
the actual values.
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Figure 1: Comparison of Different Method Results with Actual Values

4. DISCUSSIONS

In the course of our comprehensive investigation, we harnessed air pollution data from two key
monitoring stations: Bursa station and Uludag University station, with a specific focus on PMzs
concentrations. At Bursa station, we created a new test dataset by removing the data points between
04:00 and 10:00 on May 14, 2022. We then started the task of estimating the missing values in this
specific time interval. We used the Uludag University data, which is located close to Bursa station, in a
linear regression method. In the pursuit of our research objectives, we deployed an array of sophisticated
imputation methodologies, including linear regression, K-nearest neighbor (KNN), Decision Tree,
Random Forest, and Linear Interpolation. These methodologies were carefully selected due to their
efficacy in handling missing data scenarios.

Our comparative analysis was predicated on the alignment of imputed missing data with actual
observed data. The results of these experiments provide valuable insights into the performance of each
imputation method, as shown in Figure 1.

Notably, our findings reveal that the Linear Regression method emerged as the most proficient in
terms of replicating the form and trend of the missing data. This outcome underscores the utility of linear
regression in addressing missing data challenges in air pollution datasets. However, it is essential to
recognize that the choice of the most suitable imputation method should be contingent upon the specific
characteristics of the dataset and the research objectives at hand.
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The empirical evidence presented in this study contributes to the broader discourse on imputation
techniques for air pollution data, offering a nuanced perspective on their efficacy and applicability in
real-world environmental monitoring and management contexts.

5. CONCLUSION

Researchers need to particularly consider factors such as the characteristics of data in their study
domains and the requirements for accuracy. The conducted comparative analysis has demonstrated that
advanced methods, including linear regression, K-Nearest Neighbors (KNN), decision trees, random
forests, and linear interpolation, can offer higher accuracy and flexibility compared to simple statistical
methods.

Researchers should carefully evaluate the specific needs of their studies and the requirements of
their datasets when selecting a data imputation method. Additionally, it is essential to acknowledge the
limitations and potential biases introduced by imputation and to document the imputation process
transparently in research publications.

As a result, it is observed that advanced imputation methods play a critical role in enhancing the
reliability and completeness of air pollution data, both in the province of Bursa and from a broader
perspective. This circumstance contributes to the more effective preservation of environmental
management and public health, providing opportunities for the development of more efficient strategies
in these areas.
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ABSTRACT: Particle sizes of zeolites vary according to usage areas and needs. Zeolite ratios for required
performance characteristics of lithium soap greases have been optimized in our previous study as 1%. In this study,
we have been examined improvement of water resistance characteristic performance with using different size zeolites
like: 10 um, 40 um, 100 um and 700 um. Three different NLGI grades lithium soaps have been used as: 00, 2 and 3.
The zeolite size that showed highest water resistance performance was selected. Additionally, we have been reported
that zeolites have been deteriorate extreme pressure performance characteristics of greases. Because of this reason
we have been also studied with a commercial extreme pressure additive to increase load resistance performances of
grease formulations. Appropriate size of zeolites type with optimized ratio used in studied formulations. And
performance characteristics like: appearance, penetration, dropping point, NLGI no, wear scar, weld load, water
spray and water washout have been reported.
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1. INTRODUCTION

1.1. Solid Lubricants in Greases
Solid lubricants are common solutions for supporting of liquid lubricants and greases bearings that works
under extreme operation conditions like high temperatures and pressures. [2]
General advantages of solid lubricants are: [4]
e Good stability under extreme conditions
Changing thermal conductivity properties according to the base oil type
Good resistance under environmental dirt
Good chemical stability
Good load carrying capability

General disadvantages of solid lubricants are: [4]
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e Bad friction performance under hydrodynamic lubrication
e Changing thermal conductivity properties according to the base oil type
o Different colour according to solid lubricant type

It is widely known in grease industry that solid lubricants are used in extreme conditions, low speed
boundary lubrication contact areas. [3]

1.2 Extreme Pressure Additives in Greases

Generally, both liquid lubricant and solid/semi-solid lubricant formulations have similar ingredients which
are:

a. Lubricant (which could be liquid, solid or semi-solid)

b. Additives

Different types of additives can be used according to the lubricants’ physical and chemical properties.
Performance additive packages, corrosion inhibitors, extreme pressure additives, anti-wear additives, anti-
foam additives, emulsifiers, metallic detergents, solid lubricants are some of the most used additive types in
different types of lubricants.? In this study we have been focused on especially load carrying improvement
additives which are basically anti wear agents and extreme pressure additives [3]. Generally anti wear
additives contains phosphorous derivatives [3]. Most used phosphorous derived anti wear additive
molecules have been shown in figure-1-4. Figure 1
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Figure 3. Structural form of dialkyl phosphite
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Figure 4. Structural form of phosphate

Generally extreme pressure additives contain sulphur and chlorine, etc [3]. Most used sulphur contain
extreme pressure additives have been shown in figure-5-6.
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Figure 5. Structural form of sulphurized fatty ester
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Figure 6. Structural form of dibenzyl disulphide

Working mechanism of extreme pressure additives are well known in the lubrication industry. Basic most
known mechanism is shown in following figure 7. In the working environment extreme pressure additives’
molecules reacted with the surface of the contact material. This reaction is not started with contact.

Increasing working temperature cause the reaction of extreme pressure additive molecules with contact
surface material [4].
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Figure 7. Working mechanism of extreme pressure additives
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1.3. Zeolites

Zeolites are naturally abundant and synthetically produces inorganic, alkaline crystalline materials which
are containing aluminium oxides, silicon oxides, hydrated aluminium silicates in their molecular structure
[51[71[9]1[10]. Zeolites are generally using as catalysts in different applications, adsorbent material in
different surfaces, detergent precursors and ion exchange materials in different environments [5][6]. Besides
these areas there are lots of areas and applications where zeolites could be used. But it is also known that
zeolites are good water absorbent/holding materials because of channels and tunnels in their molecular
structure [10][6]. Crystalline structure of clinoptilolite zeolites include micropores to retain water in inner
pores and secondary mesoporous to aeration and drainage [10].

He, Z.L et all [14] and Bigelow, C.A et all [15] reported that water absorbing capacity of different materials
with different applications have been improved with using zeolites. Despite that according to our knowledge
there is not any other study which used zeolites and clinoptilolite zeolites to improve the water adsorption
properties of greases except our previous study reported by Sevda Sahan et all [16].

The term zeolite means boiling stone in Greek [7].

Clinoptilolite-which has an open formula (NazKs) (AleSiz072) -24H-0 is one of the wide abundant types of
natural zeolites [7][11][12][13]. According to M. C ulfaz et all [17] Si/Al ratio of clinoptilolite is between 4
and 5,5. Mostly it is used in environmental applications to absorb the toxic wastes and different medical
applications. Besides that it is one of the well known properties of clinoptilolite zeolites that clinoptilolite
zeolites adsorb the heavy metals in the working environment [7][8]. It is also known that cation exchange
properties of clinoptilolite zeolites affected from the alkaline metal cations, chemical preparation
methodology, physical preparation methodology, loading methodology and also regeneration type [18][19].
Common structural form of clinoptilolite type zeolites have been shown in figure 8.

Figure 8. Structural form of clinoptilolite type zeolites

1.4. Size Effect of Zeolites

There are different types of zeolites according to their molecular structure and their particle sizes. According
to surface mechanics it is expected that to increasing the surface area of clinoptilolite zeolites as decreasing
particle sizes. In case of zeolites, it should be expected that as decreasing particle sizes to increasing
adsorption capacity [9].

According to A. R. Demirkiran et all [9]. differences in particle sizes of clinoptilolite zeolites showed
different adsorption performances. And they also reported that oil adsorption of clinoptilolite type zeolites
is higher at relatively lower temperatures like 500°C than higher temperatures like 700°C and 900°C [9]. In
this study we have been attempting to investigate the size effect of clinoptilolite type zeolites on optimum
usage ratio in lithium soap greases. Respectively 10 um, 40 um, 100 um and 700 um sized zeolites visual
appearance has been shown in figure 8.

www.jihsci.com Issn: 2980-3837 70


http://www.jihsci.com/

»

Figure 9. Visual appearance of different sized clinoptilolite zeolites

According to our knowledge there is not any commercial usage of clinoptilolite zeolites in greases. Lithium
soap greases are one of the mostly used grease type in lubrication industry during long year. This could be
attended on lithium soap greases’ good performance characteristics.

Despite of their good performance characteristics in some application areas lithium soap greases required
to improve their performance characteristics like water resistance and load resistance. In our previous study
by Sevda Sahan et all [16]. we have been concluded that clinoptilolite type zeolites could be an alternative
additive in spite of commercially known polymeric additives to improve greases’ water resistance
properties.

2. METHODOLOGY

At our previous study we have been reported that 1 % usage of clinoptilolite type zeolites is the optimum
ratio to improve the water resistance performance properties of lithium soap greases. In this study
consistency levels of used greases selected as NLGI 00, NLGI 2 and NLGI 3 grades.

As zeolite, we have been used clinoptilolite type zeolites based on our previous study. And to observe
differences of performance effects of different sizes we have been selected and used 10 pm, 40 um, 100 um
and 700 um sized zeolites. All types of zeolites applied respectively 1 % ratio into different consistency
level greases. Different characteristic test methodologies have been applied to observe performance
properties of different sized zeolites in different consistency level lithium soap greases like: appearance,
penetration, dropping point, NLGI no, wear scar, weld load, water spray and water washout.

2.1. Equipments and Test Methods

All performance analysis tested at POTEM. Consistency, 4 ball wear scar, 4 ball weld load, water spray off,
water resistance, dropping point analysis of synthesized greases have been reported. Consistency test
applied according to ASTM D217 test standard. 4 ball wear scar test applied according to ASTM D2266
test standard. Weld load test applied according to ASTM D2596 test standard. Water spray off test applied
according to ASTM D4049 test standard. Water resistance test applied according to ASTM D1264 test
standard. Dropping point test applied according to ASTM D566 test standard.

2.2. Tables and Figures
Different NLGI grade lithium greases’ formulation details have been shown for NLGI 00 grade in table-1,
for NLGI 2 grade in table-2 and for NLGI 3 grade in table-3.

Table-1. Formulation detail of NLGI 00 grade lithium greases

FORMULATION, % WEIGHT C1 Cc2 C3 C4 C5 C5-EP
Lithium soap grease formulation NLGI 00 level 100 99 99 99 99
Zeolite 10pm 1
Zeolite 40pm 1
Zeolite 100pm 1
Zeolite 700pm 1
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Formulation C5 95

EP/AW Additive 5

Table-2. Formulation detail of NLGI 2 grade lithium greases

FORMULATION, % WEIGHT B1 B2 B3 B4 B5 B5-EP

Lithium soap grease formulation NLGI 2level 100 99 99 99 99

Zeolite 10pm 1

Zeolite 40pm 1

Zeolite 100pm 1

Zeolite 700pm 1

Formulation B5 95

EP/AW Additive 5

Table-3. Formulation detail of NLGI 3 grade lithium greases

FORMULATION, % WEIGHT Al A2 A3 A4 A5 A5-EP

Lithium soap grease formulation NLGI 3 level 100 99 99 99 99

Zeolite 10pm 1

Zeolite 40pm 1

Zeolite 100pm 1

Zeolite 700pm 1

Formulation A5 95

EP/AW Additive 5
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Visual appearance of NLGI 3 grade lithium soap formulations have been shown in figure-10.

Figure 10. Visual appearances of NLGI 3 grade lithium soap formulations

Visual appearance of NLGI 2 grade lithium soap formulations have been shown in figure-10.

Figure 11. Visual appearances of NLGI 2 grade lithium soap formulations

Visual appearance of NLGI 00 grade lithium soap formulations have been shown in figure-10.

C5-EP

Figure 12. Visual appearances of NLGI 00 grade lithium soap formulations

Consistency test results of different NLGI grade grease formulations have been shown in figure 13.
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Penetration
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Figure 13. Penetration test results of grease formulations

Dropping point test results of different NLGI grade grease formulations have been shown in figure 14.

Dropping Point
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NON ZEOLITE %1 Zeolit 10u %1 Zeolit 40 %1 Zeolit 100p %1 Zeolit 700u%1 Zeolit 700 + %5 EP

Figure 14. Dropping point test results of grease formulations

www.jihsci.com Issn: 2980-3837

74


http://www.jihsci.com/

Wear scar test results of different NLGI grade grease formulations have been shown in figure 15.

Wear Scar
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0,45 T . ) 0,54 0,50
0,5 ./ a
0

NON ZEOLITE %1 Zeolit 10u %1 Zeolit 40 %1 Zeolit 100 %1 Zeolit 700u%1 Zeolit 700U + %5 EP

Figure 15. Wear scar test results of grease formulations

Besides that, four ball wear scar visuals of different grease formulations have been shown in figure 16-17-
18.

Figure 16. 4 ball wear scar visuals of NLGI 3 grade lithium soap formulations
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0,67mm 0,54mm

Figure 18. 4 ball wear scar visuals of NLGI 00 grade lithium soap formulations

Four ball weld load test results of different NLGI grade grease formulations have been shown in figure 19.

800 200 Well Load 200
600 200 160 160 160 160 200
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200 o R R o

0

NON ZFOIITF %1 Zenlit 1011 %1 Zeonlit 4011 %1 Zeolit 10011 %1 Zenlit 700041 Zenlit 70011 + %5 FP

Figure 19. Four ball weld load test results of grease formulations
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Water washout test results of different NLGI grade grease formulations have been shown in figure 20.

Water Washout
30
20
25 18
20
10 12 NLGI 00
15 / 9 —=—NLGI 2
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VN v \ -
0 A\ hd 2 ¢ —
NON ZEOLITE %1 Zeolit 10p %1 Zeolit40u %1 Zeolit 100u %1 Zeolit 700u %1 Zeolit 700 + %5 EP
Figure 20. Water washout test results of grease formulations
Water spray off test results of different NLGI grade grease formulations have been shown in figure 21.
Water Spray
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Figure 21. Water spray off test results of grease formulations

3. DISCUSSION

It has been shown that 1 % ratio of clinoptilolite zeolites is the optimum ratio for usage in lithium soap
greases.
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Different sizes of clinoptilolite zeolites are not significantly affected to the visual appearances of NLGI 00,
NLGI 2 and NLGI 3 grades lithium soap greases.

Penetration values of greases have been effected by different particle sizes but NLGI grades did not change.

Dropping point values of different grade greases with different size clinoptilolite zeolites changed. But
reported changes in results could commented like between reproducibility area in the standard test method.

According to load carrying analysis results;

Wear scar analysis results of NLGI 00, NLGI 2 and NLGI 3 grade lithium grease increased with addition
of zeolites. According to the test results it has been seen that addition of a commercial extreme pressure
additive package could eliminate significantly the wear scar increase with zeolite addition. It has been also
observed that smaller particle size of zeolites tend to increase wear scar of lithium based greases. This
phenomenon could attributed the higher surface area of smaller particle sized zeolites. Four ball weld load
test results were compatible with this results. Weld load of grease is one grade higher than grease with
zeolite. According to the test results it has been shown that addition of a commercial extreme pressure
additive package could eliminate significantly the weld load decrease with zeolite addition. Increasing wear
scar and decreasing weld load performance characteristics could be attributed to the small solid structural
characteristics of zeolites. Because of this structure zeolite particles could harm the surface without extreme
pressure additives.

According to test results did not change significantly for NLGI 2 and NLGI 3 grade greases. Despite that is
has been reported that water washout test results increased with increasing zeolite sizes in NLGI 00 grade
lithium greases. This phenomenon could be attributed to the very thin and low ratio of soap of this kind of
low consistency formulations. This could be commented as zeolite usage to improve water resistance
properties lower consistency level grade lithium greases could not an appropriate choice.

According to water spray off test results it has been reported that increasing zeolite particle size effected
better to the water resistance performance of all three grade lithium soap greases. Additionally, according
to these results it has been seen that clinoptilolite type zeolites and commercial extreme pressure additives
shows synergistic performance on both water washout and water spray off performance results.

4. FINDINGS

In this study all blends, reactions and analysis have been performed in Petrol Ofisi Group Technology Center
(POTEM) Laboratory. All supplies that used in this study produced by Petrol Ofisi Group. We have been
divided the experimental design onto two steps in this study.

At the step 1; we have been investigated the optimum particle size for usage in different grades of lithium
soap greases.

At the step 2; we have been investigated the final product performance characteristics with using extreme
pressure additive package beside clinoptilolite type zeolites.

According to the results of step 1;

At our previous study we have been reported that 1 % usage of clinoptilolite type zeolites is the optimum
ratio to improve the water resistance properties of lithium soap greases which have been published by Sevda
Sahan et all [16].

NLGI 00, NLGI 2 and NLGI 3 grade lithium soap greases have been used in this study.

According to visual appearance examinations addition of clinoptilolite type zeolites did not effect
significantly on the color and visual appearance of greases. Changing particle size of zeolites did not affected
significantly on the visual appearances of NLGI 00, NLGI 2 and NLGI 3 greases.

NLGI 3 grade lithium soap grease;
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At step 1:

It has been seen that penetration value increase with increasing zeolite size. Despite that NLGI number of
grease samples did not change.

It has been seen that dropping point of the grease did not change significantly with different sized
chlinoptilolite zeolites.

According to analysis results four ball wear scar of NLGI 3 grade lithium soap grease incresaed with
addition of zeolites. Wear scar sizes were higher with 10 um and 40 um sized zeolites than 100 um and 700
um sized zeolites.

It has been seen that water washout test results did not change significantly. Changes in water washout test
results in between repeatability and reproducibility area of the standard test method.

According to water spray off test results we have been reported that water spray off performance of calcium
soap NLGI 3 grade greases improved about 2,5 % ratio with 10 pm and 40 um sized zeolites, about 8 %
ratio with 100 um sized zeolites and about 8 % ratio with 10 pm sized zeolites.

At step 2:

It has been seen that penetration value increase with addition of EP additive package. Despite that NLGI
number of grease samples did not change.

It has been seen that dropping point of the grease did not change significantly with addition EP additive
package. Reported changes in results could commented like between reproducibility area in the standard
test method.

According to analysis results four ball wear scar of NLGI 3 grade lithium soap grease showed small decrease
with addition of EP additive package. Four ball weld load of grease is reported as two grade higher.

It has been seen that water washout test results did not change significantly. Changes in water washout test
results in between repeatability and reproducibility area of the standard test method.

According to water spray off test results we have been reported that water spray off performance of calcium
soap NLGI 3 grade greases improved about 30 % ratio with 700 um sized zeolites. It has been seen that EP
additive package and zeolites have synergistic effect in water spray off performance.

NLGI 2 grade lithium soap grease;
At step 1:

It has been seen that penetration value increase with increasing zeolite size. Despite that NLGI number of
grease samples did not change.

It has been seen that dropping point of the grease did not change significantly with different sized
chlinoptilolite zeolites.

According to analysis results four ball wear scar of NLGI 2 grade lithium soap grease incresaed with
addition of zeolites. Wear scar size test results were similar in between reproducibility interval of the
standard test method.

It has been seen that water washout test results of greases with 10 pm and 40 pm sized zeolites improved
about 2 % and 4 % ratios.

According to water spray off test results we have been reported that water spray off performance of calcium
soap NLGI 2 grade greases improved about 2,5 % ratio with 10 pm and 40 um sized zeolites, about 8 %
ratio with 100 um sized zeolites and about 8 % ratio with 700 um sized zeolites.

At step 2:
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It has been seen that penetration value increase with addition of EP additive package. Despite that NLGI
number of grease samples did not change.

It has been seen that dropping point of the grease did not change significantly with addition EP additive
package. Reported chancges in results could commented like between reproducibility area in the standard
test method.

According to analysis resuls four ball wear scar of NLGI 2 grade lithium soap grease showed small decrease
with addition of EP additive package. Four ball weld load of grease is reported as one grade higher.

It has been seen that water washout test results did not change significantly. Changes in water washout test
results in between repeatability and reproducibility area of the standard test method.

According to water spray off test results we have been reported that water spray off performance of calcium
soap NLGI 2 grade greases improved about 5 % ratio with 700 um sized zeolites. It has been seen that EP
additive package and zeolites have synergistic effect in water spray off performance.

NLGI 00 grade lithium soap grease;
At step 1:

It has been seen that penetration value increase with increasing zeolite size. Despite that NLGI number of
grease samples did not change.

It has been seen that dropping point of the grease did not change significantly with different sized
chlinatilolite zeolites.

According to analysis resuls four ball wear scar of NLGI 00 grade lithium soap grease incresed with addition
of zeolites. Weld load of grease is one grade higher than grease with zeolite.

It has been seen that water washout test results of greases with 10 um sized zeolites increased about 2 %
ratio, with 40 pm sized zeolites increased about 8 % ratio, with 100 pm sized zeolites increased about 10 %
ratio and with 700 um sized zeolites increased about 12 % ratio. Despite that, it has been seen that water
spray off test results of greases with 10 um sized zeolites increased about 4 % ratio, with 40 um sized
zeolites increased about 5 % ratio, with 100 pum sized zeolites increased about 5 % ratio and with 700 um
sized zeolites increased about 6 % ratio.

At step 2:

It has been seen that penetration value increase with addition of EP additive package. Despite that NLGI
number of grease samples did not change.

It has been seen that dropping point of the grease did not change significantly with addition EP additive
package. Reported changes in results could commented like between reproducibility area in the standard
test method.

According to analysis resuls four ball wear scar of NLGI 00 grade lithium soap grease showed small
decrease with addition of EP additive package. Four ball weld load of grease is reported as one grade higher.

It has been seen that water washout test results improved abut 11% ratio with 700 um sized zeolites and
with addition of EP additive package.

According to water spray off test results we have been reported that water spray off performance of calcium
soap NLGI 00 grade greases improved about 2 % ratio with 700 um sized zeolites. It has been seen that EP
additive package and zeolites have synergistic effect in water spray off performance.

5. CONCLUSION

As a conclusion;
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Usage of clinoptilolite type zeolite could be an alternative to usage of traditional polymeric water resistance
additives in greases.

Different particle sizes of zeolites affect differently on performance characteristics of greases.

Zeolites coul deteriorated the extreme pressure performance characteristics of greases. Despite that addition
of a commercial extreme pressure additive could eliminate this deterioration and synergistic effect of
zeolites and extreme pressure additives on performance characteristics of lithium greases have been
reported.

Performance increasing effect of zeolite particles could not be seen with lower NLGI grade greases like
NLGI 00 grade because of extremely lower consistensy and more liquid like natures of these products.
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ABSTRACT: In recent years, genome sequencing has been a highly effective tool to investigate a wide range
of biological systems. Numerous steps for the interpretation of raw sequence data require comparative analysis
of molecular sequences for each time period to reveal functional genome differences. Molecular Evolutionary
Genetics Analysis (MEGA), a user-friendly software developed to analyse DNA and protein sequence data,
provides a set of tools to perform these analyses. MEGA enables a wide range of investigations such as
combining sequence alignments, constructing evolutionary trees, estimating genetic distances and variations,
and uncovering ancestral sequences. There are some bioinformatics methods to estimate the past knowledge
of organisms from their current knowledge. The phylogenetic tree is similar to the evolutionary tree in terms
of relationships between biological entities, and the relationships between various species, organisms, genes,
etc. in the phylogenetic tree structure are shown by dendograms. Analyses can be performed on nucleic acid,
protein, DNA and RNA sequences. There are basically two trees: rooted and unrooted phylogenetic trees. The
root is represented by the rooted phylogenetic tree type and is not represented in the unrooted tree, but it can
be considered as a root tree because some characters are mapped to the data used. The common ancestor is
represented by the root of the phylogenetic tree and the branches of the nodes in the tree represent recent
biological information. MEGA software was used to estimate the relationships shown in this figure. In this
study, phylogenetic tree construction and evolutionary roots detection and analysis methods were investigated
through MEGA 11 software programme on a working file containing data of 10 strains (KC710304.1,
KC710305.1, KC710306.1, KC710307.1, KC710308.1, KC710309.1, KC710310.1, KC710311.1, KC710312.1
and KC710313.1) of Thermoplasma acidophilum bacteria obtained from NCBI data bank.
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1. INTRODUCTION

Understanding the phylogenetic relationships among species is crucial for many studies in biology.
An accurate phylogenetic tree is the basis for understanding major transitions in evolution. A well-
structured phylogenetic tree is crucial for determining the origin and molecular adaptation of new
genes and for reconstructing demographic changes in recently diverged species. Despite the presence
of more data than ever before and the use of powerful analysis methods, many challenges exist for
reliable tree construction. In order to decrease or eliminate these difficulties, it is an important step
to be aware of the existence of various software programmes. being able to use these programmes is
useful for understanding evolutionary relationships and correctly interpreting the output of analyses.
MEGA software is just one of the programmes used to understand evolutionary history and
relationships (Kapli et al., 2020).

1.1. MEGA Software

MEGA is a software programme that enables research such as combining sequence alignments,
constructing evolutionary tree structures, estimating genetic distances and variation, and uncovering
ancestral sequences. MEGA software is maturing day by day to include a large collection of methods
and tools of computational molecular evolution. With the latest update, the software has become
supportive and interactive for large datasets, which will further increase the quality of results and the
speed of biological discoveries over time (Hall, 2013; Tamura et al., 2021).

The following figure shows the tree explorer obtained from the MEGA 11 software programme
(Figure 1).
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Figure 1. MEGA's tree explorer screenshot

MEGA's tree explorer (A) is a feature-rich, versatile phylogeny viewer that provides many interactive
exploration and customisation possibilities. In addition to an updated toolbar, there are now options
to automatically collapse nodes containing clusters of taxa belonging to the same group, based on
user-specified cluster size or branch length difference. The tree information box (B) for time trees
has been updated to show branch- and node-specific information (Tamura et al., 2021).

Over a long period of time, the scope and usefulness of MEGA has grown with the addition of new
methods, tools and interfaces, which has resulted in a modern and integrated software for
comparative sequence analysis (Caspermeyer, 2018).

1.2. Phylogenetic Tree Structure and Terminology

Phylogenies, which aim to reveal the evolutionary ancestor-descendant relationship among all groups
of organisms, expressing that these organisms are related to each other by evolving from a common
ancestor, that is, they have a single ancestor, are expressed as phylogenetic tree structure,
evolutionary tree or tree of life (Sarigam and Miistak, 2015; Singh, 2015; Woese et al., 1985; Xiong,
2006).

Taxon

Each of the units (family, class, genus, order, order, branch) in a hierarchical order from the genus
to the species is called a taxon (Sarigam and Miistak, 2015).

Ancestry

The branch that expresses the ancestor-descendant relationship and extends to the monophyletic
group is called lineage (Sarigam and Miistak, 2015).

Node Point

Each taxonomic unit formed by the intersection of two neighboring units is called a node (Sarigam
and Mistak, 2015).
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Outgroup

A unit that is sharply separated from all other units and does not have a close relationship with others
is called an outgroup (Kapli et al., 2020; Sarigam and Miistak, 2015).

Figure 2 shows an example of a drawing for the identification of outgroups.

e ldentification of outliers Contamination
/ TIT2T3 T4
s
TTT1T2T3 T4 TST5 T1 T2 T3 T4 T T2 T4 Ts T3 s

Figure 2. Identification of outliers

e. ldentification of outgroups: Multiple Sequence Alignment (MSA) can generate the phylogenetic
tree for putative orthologues, which can be used to identify other problematic sequences indicated
by long branches (Kapli et al., 2020).

Dendogram

The simplest representation, also called a cluster tree, which is formed by combining the Greek words
dendro (tree) and gramma (drawing), is expressed as a dendogram.

1.2.1. Unrooted and Rooted Trees

Phylogenetic trees can be constructed in rooted and unrooted forms. Unrooted trees do not have an
evolutionary direction because their common ancestors are not known, although the relationship of
each unit with the other unit is observed. Rooted trees, on the other hand, have an evolutionary
direction because they originate from a common ancestor and allow more information to be obtained
compared to unrooted phylogenetic trees (Xiong, 2006).

Below, a visualisation of the unrooted and rooted phylogenetic tree structure is given (Figure 3).

C D
B

a b
Figure 3. Unrooted (a) and rooted phylogenetic tree (b)

2. MATERIALS AND METHODS

In this study, evolutionary analyses of the microorganism T. acidophilum, an archaeon first isolated
from a self-heating coal waste pile at 2 pH and 59 °C (Ruepp et al., 2000), were carried out using
MEGA 11 software programme. Data obtained from 10 strains (KC710304.1, KC710305.1,
KC710306.1,...,KC710312.1 and KC710313.1) of the bacterium were obtained from the NCBI
database. Evolutionary analysis and evolutionary history were generated using the Maximum
Likelihood (ML) method and the General Time Reversible (GTR) model (Nei and Kumar, 2000;
Tamura et al., 2021). A bootstrap consensus tree extracted from 50 replicates was constructed to
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represent the evolutionary history of the taxa analysed (Felsenstein, 1985). Branches corresponding
to sections replicated in fewer than 50 bootstrap replicates were collapsed. The initial tree(s) for
heuristic search were obtained by applying the Neighbour-Joining (NJ) method to a matrix of
pairwise distances estimated using the Maximum Composite Likelihood (MCL) approach. The
analysis included 10 nucleic acid sequences with codon positions 1, 2, 3 and non-coding, and the
final dataset contained a total of 602 positions.

2.1. Maximum Likelihood Method

ML, one of the most widely used statistical estimation methods, is known as Fisher's invention. It is
a powerful and widely used tool for obtaining the best estimate of a parameter from observed data,
evaluating the quality of a model and making decisions based on data (Richards, 1961). To
understand Maximum Likelihood, it is necessary to know what likelihood is. Likelihood is the
probability of the observation of the data considering a set of parameter values. Maximum Likelihood
is a method of obtaining parameter values u and o that maximise the likelihood of the observed data.
The likelihood function is as given below:

L(u,o|data) = (1 /(o * sqrt(2m)) *n * exp(—=1/2 * X((x_i — w) /o) " 2) Q)

n is the number of data points, x_i is the i —th data point and X is the sum of all data points
(Anonymous 1).

2.2. General Time Reversible Model

GTR model, first described by Simon Tavaré in 1986, is the most general possible neutral,
independent, finite domain, time reversible model. Many patterns of beneficial substitution are time-
reversible. In the analysis of real biological data, there is often access to sequences of present-day
species rather than access to sequences of ancestral species. When a model is time-reversible, it does
not matter which species is ancestral. Instead, the phylogenetic tree can be rooted using any species.
Each of the species will eventually descend from each other with the same probability (Tavaré, 1986).

A model can be said to be time reversible if and only if it has the following properties:

Qi = mjQj; 2

2.3. Neighbour-Joining Method

In bioinformatics, N-J is a bottom-up agglomerative clustering method for the construction of
phylogenetic trees created by Naruya Saitou and Masatoshi Nei in 1987 (Saitou and Nei, 1987). N-J
takes as input a distance matrix specifying the distance between pairs of taxa. The algorithm starts
with a completely unsolved tree whose topology corresponds to a star network and repeats the
following steps until all branch lengths are known:

1. Based on the given distance matrix, calculate a matrix Q,

2. For the smallest Q(i, j), find a pair of different taxa i and j (i # j). Create a new node connecting
taxa i and j and connect the new node to the centroid node.

3. Calculate the distance of each taxon in the pair to that new node.

4. Calculate the distance of each of the taxa out of this couple to the new node.

5. Replace the merged neighbour pair with the new node and reinitialise that algorithm by using the
distances calculated in an earlier step.

With n taxa, the nxn matrix Q is calculated as follows:

www.jihsci.com Issn: 2980-3837 86


http://www.jihsci.com/

o

)]'HSG INTERNATIONAL JOURNAL OF NEW HORIZONS IN THE SCIENCES (JIHSCI), Volume: 1, Issue: 2 (Dec 2023)

Qi j) = (n—2)d(i,j) — Xk=1d(, k) — Y=, d(, k) (©)
2.4. Maximum Composite Likelihood Approach

The composite likelihood is an inference function obtained by multiplying a collection of component
likelihoods. Each component is a conditional or marginal density, and the result of the derivative of
the composite log-likelihood is an unbiased prediction equation. Assume an m-dimensional vector
random variable Y, having the probability density function f(y; Q) for several uncertain p-
dimensional parameter vector Q € ©. Show {A4, ..., Ax} a set of the marginal or contingent events
which are related likelihoods £, (Q; y)oof (v € Ay; Q).

Le(Qy) = [TK=1 Lk (Q; 9)"* (4)

Where wy, are the non-negative weights to be selected and this can be disregarded if all weights are
equal (Varin et al., 2011).

3. RESULTS

The first analyses of the study started by reading the nucleic acid sequences obtained from 10 strains
of T. acidophilum bacteria in MEGA 11 software programme and making them ready for alignment.

In the figure below, the alignments of the nucleic acid sequences are shown in the screenshot taken
from the programme (Figure 4).

[E M11: Alignment Explorer (sequence (10).fasta) = o x
Data Edit Search Alignment  Web Sequencer Display Help

0B BmE e rl «0 XM x &+ & «anr & 32

DNA Sequences Translated Protein Sequences

Spaciss/Abbry

jane pDTAS GyrB (gyrB) GGGCTTGCATGGGGTGGGCCTTCATGTCGTGAACGCGCTTTCAAAAAAGCTTATAGCCGTGGTGAAGAGAGACGGCAAGATATACTACGACA
C C cBcBc c c C C C c c

FOTAB Gyt (gyiS) ge

Figure 4. Nucleic acid sequence alignment

In Figure 5, information on nucleotide compositions is given in the screenshot taken from the MEGA
11 software programme. It was observed that the highest and lowest base numbers belonged to
microorganisms with GenBank accession numbers KC710312.1 and KC710305.1, correspondingly.

20 M11: Text File Editor and Format Converter - o N
Fle  Edt  Seach  Display Utilties

® B8 2 ¢ X0 B|«» Q%

*Nudeotide Composition a

percent.

4

Figure 5. Nucleotide compositions

Figure 6 shows the "original tree" image of the nucleic acid sequences. As a result of the taxonomic
classification, which is basically divided into two main groups, it is clearly seen that microorganisms
with GenBank accession numbers KC710308.1 and KC710309.1, KC710305.1 and KC710313.1,
KC710306.1 and KC710307.1, KC710310.1 and KC710311.1 are close to each other in binary
groups. It is observed that microorganisms with GenBank accession numbers KC710304.1 and
KC710312.1 are outgroups.
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KC710308.1 Thermoplasma acidophilum clone pDTA9 GyrB (gyrB) gene partial cds
KC710309.1 Thermoplasma acidophilum clone pDTA10 GyrB (gyrB) gene partial cds

KC710304.1 Thermoplasma acidophilum clone pDTAS GyrB (gyrB) gene partial cds

bos KC710305.1 Thermoplasma acidophilum clone pDTA6 GyrB (gyrB) gene partial cds

0,27

0o KC710313.1 Thermoplasma acidophilum clone pNTA4 GyrB (gyrB) gene partial cds

J/

o0 KC710306.1 Thermoplasma acidophilum clone pDTA7 GyrB (gyrB) gene partial cds

100

Py KC710307.1 Thermoplasma acidophilum clone pDTA8 GyrB (gyrB) gene partial cds

KC710312.1 Thermoplasma acidophilum clone pNTA3 GyrB (gyrB) gene partial cds
KC710310.1 Thermoplasma acidophilum clone pNTAL GyrB (gyrB) gene partial cds

KC710311.1 Thermoplasma acidophilum clone pNTA2 GyrB (gyrB) gene partial cds
Figure 6. Original tree view

Figure 7 shows the "Bootstrap consensus tree” image. The conclusions made for Figure 6 are also
valid for Figure 7.

KC710308.1 Thermoplasma acidophilum clone pDTA9 GyrB (gyrB) gene partial cds

KC710309.1 Thermoplasma acidophilum clone pDTA10 GyrB (gyrB) gene partial cds

KC710304.1 Thermoplasma acidophilum clone pDTAS5 GyrB (gyrB) gene partial cds

KC710305.1 Thermoplasma acidophilum clone pDTA6 GyrB (gyrB) gene partial cds

KC710313.1 Thermoplasma acidophilum clone pNTA4 GyrB (gyrB) gene partial cds

KC710310.1 Thermoplasma acidophilum clone pNTA1 GyrB (gyrB) gene partial cds

KC710311.1 Thermoplasma acidophilum clone pNTA2 GyrB (gyrB) gene partial cds

KC710312.1 Thermoplasma acidophilum clone pNTA3 GyrB (gyrB) gene partial cds

KC710306.1 Thermoplasma acidophilum clone pDTA7 GyrB (gyrB) gene partial cds

KC710307.1 Thermoplasma acidophilum clone pDTA8 GyrB (gyrB) gene partial cds
Figure 7. Bootstrap consensus tree image

Figure 8 shows the result screen with the values of pairwise distances. Looking at the result screen,

it was observed that the distance between microorganisms with GenBank accession numbers
KC710305.1 and KC710312.1 was approximately 4.21 and this value was the highest value observed
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on the result screen. The lowest distance was between KC710306.1 and KC710307.1 and
microorganisms with GenBank accession humbers KC710308.1 and KC710309.1 and this distance
was observed as 0.00.
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Figure 8. Pairwise distances

4. CONCLUSION AND DISCUSSION

Revealing evolutionary relationships is only possible with the correct construction of phylogenetic
tree structures. In this direction, it is very important to classify the obtained tree structures in a
taxonomic way, to form and interpret the existing internal, external and subgroups. There are other
programmes other than MEGA software for phylogenetic tree structure research. Numerous steps are
required for the interpretation of raw sequence data and comparative analysis of molecular sequences
to reveal genome differences. MEGA, a user-friendly software developed to analyse nucleic acid
and protein sequence data, stands out in that it provides a set of tools to perform these analyses.

Within the scope of this study, evolutionary relationships and evolutionary history were investigated
by using MEGA 11 software programme. As a result of these investigations; it was observed that
microorganisms belonging to accession numbers KC710304.1, KC710305.1, KC710308.1,
KC710309.1 and KC710313.1 and accession numbers KC710306.1, KC710307.1, KC710310.1,
KC710311.1 and KC710312.1 are related taxa within themselves. There are mainly two main groups
and many ingroups.

Many recent studies have shown that MEGA is a commonly used software for identifying
evolutionary relationships and ancestral history. “Assessing the Phylogenetic Relationships of
Baliospermum solanifolium [B. montanum (Willd.) Miill. Arg.] in South India through DNA
Barcoding (Karthik et al., 2023)”, “Phylogenetics Analysis of Blackwater Fishes in Peat Swamp
Forest Using Cytochrome B Gene (Sout et al., 2023)”, “Phylogenetic Analysis of the Partial
Sequences of the Env and Tax BLV Genes Reveals the Presence of Genotypes 1 and 3 in Dairy Herds
of Antioquia, Colombia (Usuga-Monroy et al., 2023)” and “Molecular Characterization and
Phylogenetic Analysis of Newcastle Disease Viruses Isolated in Southern Angola, 2016-2018
(Henriques et al., 2013)” are several examples of these studies.

By looking at the original or Bootstrap consensus tree images, it is easier to quickly identify closely
related and distantly related groups. It is important to confirm the results with various distance
calculations in order to prevent incomplete or incorrect evaluations in bioinformatics studies. As with
many software programmes, new features and analysis methods are added to MEGA every day. In
order to analyse the researches with more effective methods and to create more qualified analysis
outputs, following the current versions of the software and installing them on computers will be a
useful way to prevent problems that will occur in the functioning of in silico studies.

The aim of this study is to construct and interpret evolutionary trees and genetic distances based on
data obtained from strains of the bacterium T. acidophilum. Undoubtedly, there has been a recent
awareness of the use of bioinformatics tools. The study is also very important for researchers to use
bioinformatics tools to understand evolutionary relationships and to acquire good analytical skills by
understanding the statistical methods used in this field. The importance of in silico studies in
bioinformatics has increased due to some important reasons such as experimental methods taking a
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long time and being quite costly. In the coming years, there will be a need for a large number of
studies involving phylogeny research and many researchers who will build their careers in
bioinformatics to fill this gap.
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OZET: Miihendislik malzemeleri genel olarak; metaller, seramikler, polimerler ve kompozit malzemeler olarak smiflandirilir.
Fakat, giiniimiiz miihendislik malzemeleri, teknik, ekonomik, g¢evresel ve estetik agidan bazi uygulamalarda yetersiz
kalmaktadir. Bu yetersizlikleri asma arayiglari her gecen giin arastirmacilart farkli 6zellikleri olan malzemeler kesfetmeye
zorlamaktadir. Metalik kopiikler yapisinda %75-90 oraninda gdzenek bulunduran metal ya da alagimlardan olusmaktadir.
Metalik kopiikler diger metal malzemelere gore daha hafif olmasina karsin hafiflik/mukavemet oraninin yiiksek olmasi, darbe
ve sarsintilart iyi soniimleyebilmesi, yiiksek kesme ve kirilma mukavemetleri, 1s1 ve ses izolasyonu saglamasi ve kimyasal
stizme (filtrasyon) 6zellikleri sebebiyle giderek 6nem kazanmaktadir. Bu ¢aligmada, metalik kopiik {iretim yontemleri ve tiretim
parametreleri (kpiirtme siiresi, kopiirtme sicakligi, kopiirtiici madde miktar1 vb.) hakkinda literatiirde var olan galismalar
incelenmis ve yontem lizerine detayli bilgiler verilmistir. Ayrica, metalik kopiiklerin giiniimiiz endiistrisindeki uygulama
alanlar1 hakkinda da kapsamli agiklamalar yapilmistir.

ANAHTAR KELIMELER: Metalik Kopiikler, Gozenek, Kopiirtiicii Ajan, Képiirtme Sicakligi, Darbe Séniimleyici
METALLIC FOAMS AND ITS APPLICATION AREAS

ABSTRACT: Engineering materials are generally classified as metals, ceramics, polymers and composite materials. However,
today's engineering materials are inadequate in some applications in terms of technical, economic, environmental and aesthetic
aspects. The quest to overcome these inadequacies forces researchers to discover new materials with different properties every
day. Metallic foams consist of metals or alloys with 75-90% porosity in their structure. Although metallic foams are lighter
than other metal materials, they are gaining importance due to their high lightness/strength ratio, ability to absorb impacts and
shocks well, high shear and rupture strength, heat and sound insulation, and chemical filtration properties. In this study, existing
studies in the literature on metallic foam production methods and production parameters (foaming time, foaming temperature,
amount of foaming agent, etc.) were examined and detailed information on the method was given. In addition, comprehensive
explanations are given about the application areas of metallic foams in today's industry.

KEYWORDS: Metallic Foams, Porosity, Foaming Agent, Foaming Temperature, Shock Absorber
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1.GIRIS

Insanlik tarihi boyunca iiretim, tiikketim ve gelisim artarak devam etmistir. Bu artis smirli olan hammadde
kaynaklarin1 ve bu malzemelerin kisith fiziksel ve kimyasal 6zelliklerinin yetersizligi ile birlestiginde
bilim insanlarimi yeni malzemeler ve iiretim teknikleri gelistirmeye sevk etmistir (Bilhan, 2005).
Otomotiv, savunma, biyomedikal, havacilik ve uzay sanayilerinde kullanilmak {iizere hafif ve
mukavemetli malzemelere ihtiya¢ giin gectikge artmaktadir (Veale, 2010). Belirtilen sektorlerdeki
beklentileri karsilamak igin iretim yontemleri ve yeni malzeme Onerileri iizerine calismalar
yapilmaktadir. Metalik kopiikler de bu arastirmalar sonucu ortaya cikan {irliinlerden biridir (Fratzl ve
Weinkaner, 2007). Metalik kdpiiklerin tarih¢esine bakildiginda ilk ortaya ¢ikislar taki pargalar tiretmek
igindir fakat, ilk resmi adim ise 1925 yilinda Fransa’da ilk patentli kopiik tiretim ¢alismasiyla atilmigtir
(Secundus), (Ongunyurt, 2019). Metalik kopiikler ile ilgili ilk endiistriyel ¢calismay1 1948’de Benjamin
Sosnick aliiminyum ve civa kullanarak kapali hiicreli metal kopiik tiretimi iizerine yapmustir (Davies ve
Zhen, 1983). 1960’11 yillarda Peisker ve Hardy (United Aircraft Sirketi) tarafindan kopiiklestirici ajanlar
ile metal kdpiik tiretimini gergeklestirmistir (Ongunyurt, 2019), (Sosnick, 1951).

Gilinlimiizde metalik kopiikler; aliminyum (Sekil 1), titanyum, celik ve nikel bazli metallerden
iiretilmekte ve kullanilmaktadir (Ertiirk, 2013), (Bram v.d., 2000). Bu alanda literatiirde yapilmis bir¢ok
¢aligma mevcuttur.
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Sekil 1. Aliiminyum esash metalik kopiik malzemeler (Amjad, 2001)

Baumeister ve arkadaslar1 aliiminyum kd&piiklerle ilgili yapmis olduklart ¢aligmalarinda, aliiminyum
kopiiklerin enerji absorbe edici (soniimleyici) olarak kullanilabilecegini kesfetmislerdir. Ayrica
caligmalarinda %90 gozenekli yapiya ve 0,4-1 g/cm® kapali hiicre yogunluguna ulagsmayi
basarabilmislerdir (Baumeister v.d., 1997), (Yildirim, 2017). Benzer sekilde, Wei ve arkadaslar1 yapmis
olduklar ¢alismada saf aliiminyum ile saf aliiminyum matrisin igine NaCl ekleyerek olusturduklar
metalik kopiikte enerji soniimleme davranisini incelemiglerdir. Yapilan deneyler sonucunda trettikleri
metalik kopiigiin saf aliiminyuma gore {i¢ kat daha fazla soniimleme kapasitesi oldugunu tespit
etmislerdir (Yildirim, 2017), (Wei v.d., 2002).

Cinici yapmis oldugu ¢alismada, farkli parametreler kullanarak aliiminyum esasli metal kopiik iiretmeyi
denemistir. Uretim yontemi olarak toz metaliirjisi teknigini kullanarak kopiirtme siiresi, sicaklig1 ve
kopiirtiici madde miktarinin metalik kdpiik tizerine etkisini incelemistir. Calismasi sonucunda kdpiirtme
siiresi, sicaklig1 ve kopiirtiicii madde miktar1 arttifinda gdzenek boyutlarinin ve lineer gelisme oraninin
arttigin1 goézlemlemistir (Yildirim, 2017), (Cinici, 2004). Onck ve arkadaslar1 ¢aligmalarinda, kirilma
davranislart agisindan agik ve kapali hiicreli aliiminyum esasli metalik kopiikleri incelemislerdir.
Calismalarinda kapali hiicrelerin daha gevrek, acik hiicrelerin ise daha siinek oldugunu gézlemlenmistir.
Kapali hiicre kopiiklerindeki gevrekligin hiicre duvarindaki mikro yapilarin ¢dkelmesi sonucunda
meydana geldigini tespit etmislerdir (Yildirim, 2017), (Onck v.d., 2005).

Tunger yapmus oldugu ¢alismada, titanyum esasli metalik kopiikler imal etmistir. Uretim ydntemi olarak
yer tutucu ilavesiyle metalik kopiik {iretim yontemi benimsenerek kdpiiklerin goreceli yogunluk, i¢ yapt
Ozellikleri ve basma davranisi gibi 6zelliklerinin baslangic toz boyutu, yer tutucu cinsi ve miktar,
sinterleme sicakligi gibi parametreler ile kontrol edilebildigini saptamigtir (Tunger, 2006). Dou ve
arkadaslar1 yaptiklar1 calismada, {irettikleri metalik kopiiklerin deformasyon gerilim egrilerini
cikarmislar ve enerji absorbe miktarlarini aragtirmislardir. Matris malzeme olarak saf aliiminyum ve yer
tutucu olarak cenosphere (seramik i¢i bos kiire) kullanilarak 65-120 MPa plastik deformasyon gerilim
degeri tespit etmislerdir. Ayrica, enerji sOnliimleme miktarinin da %350-70 oraninda arttigin
belirtmiglerdir (Dou v.d., 2007).

Ergoneng yaptig1 calismasinda, aliminyum k&piik iceren sandvig panellerin patlamaya karst verdigi
tepkileri incelemistir. Deneysel caligmalardan, iiretilen sandvi¢ panellerin aym agirliktaki yekpare
malzemeden %50-150 arasinda daha yiiksek enerji absorbe edebildigi gbzlemlenmistir. Ayrica, 10 kg
TNT patlama yiikii karsisinda 9 cm kalinliga sahip sandvi¢ yapidan 6,3 cm ve 7,2 cm kalimliga sahip
aliminyum kopiik malzemelerin daha iyi enerji soniimleme yetenekleri oldugunu tespit etmistir. Yine,
bu sandvi¢ yapida en verimli ylizey malzemesinin de AISI 4340 celigi oldugunu belirtmistir (Ergéneng,
2008). Tao ve arkadasinin ¢alismasinda, aliiminyum matrisli kopiik tiretimi gergeklestirilmis ve tiretilen
kopiikler basma testine tabi tutulmustur. Metalik kopiik iretimini infiltrasyon yoOntemiyle
gergeklestirmisler ve metalik képtigiin siinekliginin bariz olarak arttigini, basma dayaniminin ise %30
oraninda arttigini tespit etmisleridir. Uretilen metalik kdpiiklerin enerji absorbe kapasitesini ise 50 kJ/kg
olarak Ol¢iildiigiinii belirtmislerdir (Tao ve Zhao, 2009). Rajendran ve arkadaslar1 yapmis olduklar
caligmada, metalik kopiik ile dolu ezilme kutular1 ile bos ezilme kutularinin enerji soniimleme
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kapasiteleri karsilagtirilmistir. Kiyaslama sonucunda darbe soéniimleme enerjisinin metalik kopiik ile
dolu olan iiriinde ¢ok daha yiiksek oldugunu (3,32 kat) tespit etmislerdir (Rajendran v.d., 2009). Ayni
sekilde, Toksoy yapmis oldugu ¢aligmada, AlSi10 metalik kopiik (Alulight) ile doldurulmus 1050H14
Al kutularin ezilme davramiglarin1 incelemiglerdir. 1050H14 ezilme kutularmin spesifik enerji
absorbsiyonu oranlarini Alulight kopiikler i¢in %5,6 ve Hydro kopiikler i¢in %21,9 olarak hesaplamistir
(Toksoy, 2009).

Caglar yaptig1 calismada, AlMgs aliiminyum alagimindan TiH, (titanyum di hiidriir) ajan1 kullanarak
metalik kopiik elde etmistir. Calismasinda kdpiik malzemesine farkli oranlarda SiC ile takviye etmistir
ve bunun etkilerini arastirmistir. Yapilan takviyenin hiicre stabilizasyonunu olumlu yonde etkiledigini
tespit etmistir. Ayrica takviyeyle birlikte yogunlugun azaldigini, gdzeneklerin kiigiildiigiinii ve dagilimin
diizenlendigini tespit etmistir (Caglar, 2009). Benzer sekilde, Gokmen yaptig1 ¢alismada, toz metalurjisi
teknigi ile metal matrisli kdpiik iiretim parametrelerini incelemistir. Matris malzemesi olarak saf
alliminyum ve Alumix 231 metal tozlarini kullanmistir. Kopiirtiicii madde olarak TiH, tozu kullanmaistir.
Yaptig1 caligmalar neticesinde %1 TiH» oran1 ve 690-710 °C sicaklikta 10 dakika koplirtme siiresinin
optimum parametreler olarak belirlemistir (Gokmen, 2009).

Jha ve arkadaglari, aliiminyum cenesphore ile metalik kopiik ve aliminyuma agirlikga %10 oraninda
SiC tozu karistirarak aliiminyum kopiik iiretmislerdir. SiC tozu katkili ve katkisiz kdpiiklerin siirtiinme
asinma davranisi irdelenmistir. Siirtinme asinma oraniin SiC tozu katkisiz kopiikte, katkiliya oranla
daha fazla oldugunu tespit etmiglerdir (Yildirim, 2017), (Jha v.d., 2011). Benzer sekilde, Kocatiirk
yapmis oldugu calismada, SiC tozu katkili ve katkisiz Al kdpiikler imal etmis ve bu kopiikleri basma
testine tabii tutmustur. Yapilan testlerde SiC tozu katkili ve katkisiz Al kopiiklerin deformasyon hizina
tepki verdigi goriiliirken Alulight kdpiiklerin buna tepki vermedigi gézlemlenmistir. Basi yiikleri altinda
hiicre duvarlarinda kirllma olusan cam kopiik malzemelerde mukavemet artis1 gdzlemlemistir
(Kocatiirk, 2011).

Ihvan ve arkadaslar1 yaptiklar1 calismada, aliiminyum kopiik iiretiminde alasim elementlerinin etkisini
arastirmiglardir. Deneysel calismalarinda, aliiminyum tozuna magnezyum ve silisyum alasim
elementlerini toz olarak ilave etmigler ve 6000 serisi yaslandirilabilen aliiminyum alagimi kopiik
malzemeyi iiretebilmislerdir. Kopiiklestirici ajan olarak TiH, tozu kullanmislardir. Deneyler sonucunda
iiretilen kopiiklerin sertligi iizerinde, kullanilan kopiiklestirici ajanin bir etkisinin olmadigini
gozlemlemiglerdir. Fakat, alasimdaki magnezyum yiizdesi arttik¢a sertligin lineer olarak arttigini,
silisyum yiizdesi arttikga ise sertligin parabolik bir egilimle degistigini gézlemlemislerdir (Thvan v.d.,
2011). Aktay ve arkadaslar1 ¢alismalarinda, bal petegi yapisinda doldurulmus aliiminyum profillerin
basma testine maruz birakmis ve degisken hiicre boyutlarinda ve geometrilerdeki davraniglar
incelemiglerdir. Caligma sonucunda artan hiicre capi sayesinde enerji soniimleme kapasitesinin
azaldigini belirlemislerdir (Aktay v.d., 2011), (Altin, 2017).

Orbulov ve arkadas1 yaptiklar1 calismada, sekiz farkli metal matris sentaktik (6riintiilii) kopiiklerin basi
davranislarini incelemisler ve kiiciik mikro hiicrelerin daha kusursuz olmasi sebebiyle daha yiiksek
basma dayanimi ve daha iyi mekanik 6zellikler sagladigini tespit etmislerdir (Y1ldirim, 2017), (Obulov
ve Ginsztler, 2012). Ertiirk yaptig1 ¢alismada, metalik kopiiklerin uygulamaya yonelik {iretimini ve
mekanik ozelliklerini incelemistir. Deneysel ¢alismalarina gore 450-500 C’de 1s1l islem yapilmasinin
daha kararli bir kopiik tretmeye faydali oldugu gozlemlenmistir. Ayrica, iiretimden dnce mekanik
karigtirmanin etkileri analizine gore toz dagiliminin daha diizenli oldugu 90 rpm karistirma hizinda 90
veya 120 min siireyle karigtirmanin daha verimli oldugu gézlemlenmistir (Ertiirk, 2013).

Taherisharg ve arkadaslar yaptiklar1 ¢aligmada, 356 serisi Al koptigtine T6 1s1l islemini uygulamislardir.
Is1l islem sonucunda perlitik yapiya getirdikleri {iriinii incelemislerdir. Basing altinda 1s1l islem goren
metalik kopiiklerin daha homojen bir deformasyon gosterdigini tespit etmiglerdir (Yildirim, 2017),
(Taherisharg v.d., 2014). Altin yaptig1 ¢caligmada, i¢i metalik kopiik ile dolu deformasyon kutulart ve
bos deformasyon kutularini kiyaslamigtir. Dikdortgen kesitli carpisma kutularinda i¢i dolu olanlarin bos
olanlara gore dort kat daha fazla enerji sonimledigini tespit etmistir. Ayrica, daire kesite sahip
deformasyon kutularinda i¢i dol olanlar bog olanlara gore alt1 kat daha fazla enerji soniimlenebildigini
belirtmistir (Altin, 2017).
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Kirmiz1 yaptigi ¢alismada, Al kopiikk malzemesini fonksiyonel derecelendirilmis malzeme (FDM)
icerisine dahil ederek ve zirh malzemesi olarak kullanilmak iizere fonksiyonel derecelendirilmis kopiik
malzemeleri (FDKM) sicak presleme ile iiretmistir. Uretilen FDKM numunelerin en iyi matris/takviye
ara ylizey durumu, 193,66 HBW ile en yiiksek sertlik degeri, 704,58137 MPa ile en yiiksek capraz
kirilma dayanimi gosterdigini tespit etmistir. Vso hiz limitini tespit etmek amaciyla gerceklestirilen 30
derecelik balistik testlerde FDKM? lerin Vo hiz limiti MIL-DTL-46063 standardinda belirtilen degerden
yaklasik %3 oraninda daha ytiksek degerde elde edildigini belirtmistir (Kirmizi, 2017).

Ongunyurt yapmis oldugu ¢alismada, indiiksiyon sinterleme teknigini kullanarak 6061 alagimli kopiik
iiretmis ve kopiiklerin karakterizasyonunu incelemistir. Deneysel ¢alismalar1 sonucunda, gore 6061
alagiml kopiik tiretiminde kopiirtiicii madde olarak Dolapix tozu,sinterleme sicakligi olarak 1070 "C ve
yaslandirma sicakligi olaraksa 200 = C segilmesinin uygun oldugunu belirtmistir (Ongunyurt, 2019).

Unalir yaptig1 ¢alismada, seramik destek plakasi arkasi balistik malzemesi olarak aliiminyum képiik
kullanimimi incelemistir. Uretilen dort farkli yogunluktaki aliiminyum képiiklii ve aliiminyum kopiiksiiz
kompozit zirh numuneleri ile atis testleri yapilmistir. Yapilan balistik testler sonucunda zirh plakalarina
yapilan kapali hiicre aliiminyum kopiik dolgularmin balistik 6zelligi iyilestirici bir ¢éziim olacagi
belirtilmistir (Unalir, 2021).

Bu ¢aligmada, metalik kopiik tiretim yontemleri ve iiretim esnasindaki parametreler hakkinda literatiirde
var olan ¢aligmalar incelenmis ve yontem {izerine detayli bilgiler verilmistir. Ayrica, metalik koptiklerin
glinlimiiz endiistrisindeki uygulama alanlar1 ve diger alanlara saglayabilecegi faydalar1 hakkinda da
kapsamli agiklamalar yapilmstir.

2. METALIK KOPUKLERIN URETIiM YONTEMLERI

Metalik kopiikler genel anlamda iginde gaz bosluklar bulunan gézenekli (siingerimsi) elemanlar olarak
tanimlanir. Bu malzemeler dogada kendiliginden olusmaz, iiretilmesi igin gesitli iglemler gerekir. Bu
iiretimler i¢in genelde farkli fazlarda farkli malzemelerin kullanilmasi sarttir (Amjad, 2001), (Altin,
2017). Metalik kopiikler acik ve kapali hiicreli olmak {izere iki tiptir (Sekil 2). Hiicre terimi; icerisinde
gaz kabarcigi bulunan boliime verilen isimdir. Hiicre duvari; iki gaz kabarciginin arasindaki yapiya
verilen isim, hiicre kdsesi ise; lic gaz kabarciginin kesisiminde olusan yapiya verilen isimdir. Hiicre
kosesi, hiicre duvarina gore daha kalin yapidadir (Gokmen, 2009), (Ozer, 2005). Metalik kdpiiklerin
yapisinin %80-90’1 gdzeneklerden olusur. Gozenekler birbiriyle bagintili ise bu yapiya agik hiicreli
kopiik metal denir. Hiicrelerin her birinin igerisinde gaz bosluklarmin bulundugu ve bu bosluklarin
birbirinden izole edilmis durumdaki haline ise kapali hiicre denir (Amjad, 2001), (Gokmen, 2009).
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Sekil 2. Metalik kopiik hiicre yapist: a) kapali hiicre, b) agik hiicre (Sosnick, 1951)

Metalik kopiikler; sivi metalden, toz metalden, metal iyonlarindan ve metal buharinda elde
edilebilmektedir. Metalik kopiiklerin iiretim yontemleri Tablo 1°de genel olarak siiflandirilmistir.
Metalik kopiik tiretim yontemleri endiistride iiretici firmalarin isimleriyle de anilmaktadir (Banhart,
2001).
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Tablo 1. Metalik Kopiiklerin Uretimine ait Siniflandirma (Secundus), (Ongunyurt, 2019)

Metalik Kopiikler

S1vi Metal Toz Metal Metal Iyonlart Metal Buhar
Gaz ile koplirtme | Gaz hapsetme Elektro-kimyasal | Buhar
depozisyon depozisyonu

Ajan ile kopiirtme | Camur hazirlama
Kati-Gaz otektik | Toz sinterleme

katilastirma

Basinch toz | Bosluk  tutucularla

ergitme sikigtirma

Dokiim I¢i bos metal toplarini
sinterleme

Sprey olusturma | Polimer metal
bilesiklerinin
ekstriizyonu

Reaksiyon sinterleme

2.1. Sivi Metal icerisine Gaz Enjektesiyle Metalik Kopiik Uretimi

Ergimis metal dolu potanin zeminine gaz enjekte edilerek kopiik olusmasinin saglanmasinin ardindan
tepede olusan kopiiklerin sogutulmasi esasia dayanir. {lave edilen gaz dogrudan sivi metale enjekte
edilirse kararsiz gozenekler olusabilir. Bu sebeple daha kararli yap1 i¢in sivi metal igerisinde silisyum
karbiir, aliiminyum oksit veya magnezyum oksit gibi seramik tozlari ilave edilerek karistirilir ve déner
bir pervane yardimiyla nitrojen, argon veya hava gibi gaz kullamilarak metalik kdpiik olusturulur
(Amjad, 2001), (Gokmen, 2009), (Banhart, 2001), (Banhart, 2005), (Banhart, 2003).

2.2. Sivi Metal icerisine Kopiirtiicii Ajan ilavesiyle Metalik Kopiik Uretimi

Temel anlamda ergiyik metal igerisine kopiirtiicii ajan (madde) eklenerek kopiik tiretimi gerceklestirilir
Kopiirtiicli madde 1s1 etkisi altinda ayrisir ve kopiiklenme isini yapacak olan gazi aciga cikarir. Ergiyik
metal igerisine 680° C’de Ca eklenir ve karistirilir. Bu ekleme yapinin viskozitesini artirir. Istenilen
viskozite degerine ulasildiginda ergimis metal igerisine TiH, kopiirtiicii olarak eklenir. Alagimin ergime
sicakliginin altindaki sicakliga kadar tiretimin yapildig tank sogutulur ve sivi metalik kopiikler kati
metalik kopiiklere doniisiir (Gokmen, 2009), (Banhart, 2001), (Miyoshi v.d., 2000).

2.3. Ergitme-Céziiniirliik-Filtrasyon Yontemiyle Metalik Kopiik Uretimi

Temel olarak bir kap igerisinde metal ergitilir ve diizenek icerisine H, gaz1 enjekte edilir. Ergiyen metal
hidrojen gazini1 emer ve bu sebeple ergiyen metalde bozunmalar baslayarak metalik kdpiik olusur. Daha
sonra bu kopiik alt kisimda alt1 sogutulmus diger kaba aktarilir. Ergiyen metal alt kisimdan baglayarak
katilagir (Gokmen, 2009), (Cinici, 2004), (Banhart, 2003).

2.4. S1ivi Metal Yoluyla Kopiiklesebilen Oncii Uretimi

Bu yontemde ilk etapta 1s1l igleme tabi tutulan titanyum hidrat tozlari ile aliiminyum tozlar1 karistirilir.
620°C’deki Al/SiC kompozit eriyik icerise bu karisim ilave edilerek karigtirilir (yaklasik 1200 rpm).
Daha sonra bu 6nciil {iriin grafit kalip igerisine alinir ve sivi duruma gelinceye kadar 1sitilir ve metalik
kopiik elde edilir (Amjad, 2001), (Cinici, 2004), (Gokmen 2009), (Banhart, 2005), (Frei v.d., 2002).

2.5. Toz Metalurjiyle Metalik Kopiik Uretimi

Bu yontem, metal tozlari kopiirtiicii madde tozuyla karistirilmasi ile baslar. Sonra bu karigim sikistirilir.
Daha sonra matris malzemenin ergime sicaklifina yakin bir sicakliga kadar isitilir. Bu 1sitma
kopiirtiictiniin daha yogun bir hal almasini saglar. Daha sonra 6nciil materyalin ergime sicakliginin yakin
bir sicakligina kadar 1sitilir. Ayrisan kopiirtiici malzeme sayesinde genlesme saglanir ve kopiiklii yapi
elde edilir. Ayn1 zamanda bu islem kullanilacak iirliniin sekline gore 6zel olarak tasarlanabilir ya da
dolgu malzemesi olarak da kullanilabilir (Gokmen, 2009), (Banhart, 2001), (Yu v.d., 1998).
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2.6. Dokiim Yontemiyle Metalik Kopiik Uretimi

Bu yontemde kalip igerisine polimer kdpiilk ya da yer tutucu malzeme konulur. Sonra dolgu
malzemesiyle kalip doldurulur. Kilcal bosluklar bulunmasi halinde dolgu malzemesi basing altinda da
doldurulabilir. Kuruyan dolgu malzemesi daha sonra 1s1 tesiri ya da uygun ¢6ziicii gibi etkenlerle polimer
kopliglin ya da yer tutucu malzemenin kaliptan uzaklastirilmasi saglanir. Daha sonra kalip bozularak
nihai metalik kopiige ulasilir (Ertiirk, 2013), (Banhart, 2001), (K&ner ve Singer, 2000), (Wichianrat,
2012), (Smitha v.d., 2013), (Zou v.d., 2013).

3. METALIK KOPUKLERIN KULLANIM ALANLARI

Metalik kopiikler diger metal malzemelere gore daha hafif olmasina karsin hafiflik/mukavemet oraninin
yiiksek olmasi, darbe ve sarsintilari iyi sonliimleyebilmesi, yiiksek kesme ve kirilma mukavemetleri, 1s1
ve ses izolasyonu saglamasi ve kimyasal siizme (filtrasyon) oOzellikleri sebebiyle giderek Onem
kazanmakta ve pratikte kullanilabilir hale getirilmeye calisilmaktadir (Polat v.d., 2010), (Varyoz v.d.,).
Metalik kopiiklerin hiicre yapisina gore agik veya kapali olmasi uygulama alanini1 dogrudan belirleyen
en temel ozelliktir (Sekil 3) (Banhart, 2001), (Yildirim, 2018).

Yapisal
P Yiik — Yatak
Bio-medikal Pargalar:
Uygulamalari o
Darbe Emiciler
U)’fsu!a"“a Katalizor Ses Azalumldr
Cesidi

Destekleyiciler

Fonksiyonel

Acik Kismen Agik Kapali

Gozenek Cesidi
Sekil 3. Metalik kopiiklerin hiicre yapisina gore kullanim alanlart (Banhart, 2001), (Yildirim, 2018)

Giliniimiizde metalik kopiiklerin kullanim alanlar1 giderek yayginlagmaktadir. Makine imalati, uzay ve
ucak sanayi, otomotiv sanayi, ingaat, biyomedikal gibi bir¢ok alanda kullanimi mevcuttur (Tung, 2020).
Yogunlugu kii¢iik olan metalik kdpiiklerin sahip olduklari; titresim azaltma, darbe soniimleme ve ses
yalitimi gibi Gzellikleri sayesinde otomotiv (Sekil 4 ve 5) ve insaat (Sekil 6) sektorlerinde tercih
edilmektedir (Gokmen, 2009), (Tung, 2020). Otomobillerin giivenligini artirmak amaciyla tampon ve
sase arasindaki bolgelerde ve diger otomobil yapilarinda (A, B ve C siitunlarinda) dolgu tiriinleri olarak
metalik kopiklerin kullanimi yaygindir (Gékmen, 2009), (Banhart, 2005). Metalik kopiiklerin hafif
olmasi otomotiv endiistrisinde oldugu gibi havacilik (Sekil 7) ve uzay endiistrisi (Sekil 8) i¢in de bir
cazibe olusturmaktadir (Tung, 2020), (Yavuz, 2010).
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Sekil 4. Metalik képiiklerin otomobilde kullanilan bélgeleri (Gokmen, 2009), (Banhart, 2005).

Sekil 5. LKR Ranshofen firmasi tarafindan BMW igin tiretilmis motor kulagi, soldan saga; i¢i bos parga, i¢i
kopiik doldurulmus parca ve tam kesit alinmig parca (Gékmen, 2009), (Banhart, 2005).

Sekil 6. Yerlesim alanlarina yakin otoyollar igin ses yalitimi uygulamast (Miyoshi v.d., 2000), (Tung, 2020).
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Metalik képik

Sekil 8. Sandvi¢ metalik kopiik panelden iiretilmis roket konisi (Tung, 2020), (Banhart, 2008)

4. SONUC

Metalik kopiikler genel anlamda icinde gaz bosluklar1 bulunan gozenekli malzemelerdir. Bu
malzemelerin iretilmesinde sivi metalden, toz metalden, metal iyonlarindan ve metal buharindan
yararlanilir. Giiniimiizde metalik kopiikler; aliiminyum, titanyum, celik ve nikel bazli metallerden
agirlikli olarak toz metalurjisi yontemiyle tiretilmekte ve kullanilmaktadir. Toz metalurjisi yonteminde,
kopuigii tiretilecek metal tozlar1 TiH, (titanyum di hiidriir) gibi kopiirtiicii madde tozuyla karistirilir ve
kopiigii iiretilecek metalin ergime sicakligma yakin bir sicaklia kadar isitilir. Ayrisan kopiirtiicii
malzeme sayesinde genlesme saglanir ve kopiiklii yapi elde edilir. Bu ¢alismada, metalik koptik iiretim
yontemleri, liretim esnasindaki parametreler ve uygulama alanlar1 detayl bir sekilde ele alinmis ve
asagidaki sonuglar elde edilmistir:

Saf aliiminyum matrisin igine NaCl eklenerek olusturulan metalik kopiigiin saf aliiminyuma gore ti¢ kat
daha fazla soniimleme kapasitesi oldugu tespit edilmistir. Toz metalurjisi teknigini kullanarak iiretilen
metalik kopiiklerde, kdpiirtme siiresi, kopiirtme sicaklig1 ve kopiirtiicii madde miktar1 arttifinda gdzenek
boyutlarinin ve lineer gelisme oraninin arttigl gozlemlenmistir. Metalik kdpiikler kirilma davraniglar
acisindan incelendiginde, kapali hiicrelerin daha gevrek, agik hiicrelerin ise daha siinek oldugunu
gbzlemlenmistir. SiC tozu katkili ve katkisiz kdpiiklerin siirtiinme aginma davranisi irdelendiginde,
stirtlinme aginma oraninin SiC tozu katkisiz kopiikte, katkiliya oranla daha fazla oldugu tespit edilmistir.
Aliiminyum kopiik tretiminde, aliiminyum tozuna magnezyum ve silisyum alasim elementlerinin
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katilmas1 kopiik sertligini etkiledigi goriilmistiir. Alasimdaki magnezyum yiizdesi arttikga sertligin
lineer olarak arttig1, silisyum yiizdesi arttik¢a ise sertligin parabolik bir egilimle arttig1 tespit edilmistir.
Kopiiklestirici ajan olarak kullanilan TiH, tozunun ise sertlik acisindan bir etkisinin olmadigi
belirlenmistir. Dikdortgen kesitli carpigsma kutularinda i¢i metalik kdpiikle dolu olanlarin bos olanlara
gore dort kat daha fazla enerji sontimleyebildigi tespit edilmistir. Zirh plakalarina yapilan kapali hiicre
aliminyum kopiik dolgularinin balistik 6zelligi iyilestirici bir ¢6ziim olacagi goriilmiistiir. Giiniimiizde
metalik kopiiklerin; makine imalati, uzay ve ugak sanayi, otomotiv sanayi, ingaat, biyomedikal gibi
bir¢ok alanda kullanim1 oldugu belirlenmistir.
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