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GIRIS

Parametrik Tasarim Yaziliminin
Uretim Oncesi Caligmalar Igin Bir
Tarim Makinesinde Gelistirilmesi

Makine tasarimlarinda  ihtiyaglar iizerine yapilan tasarim
degisiklikleri konvansiyonel tasarim ydntemlerine gére uzun vakitler
almakta ve miihendislik maliyetini artirmaktadwr. Bilgisayar destekli
tasarim programlart (CAD) ve programlama dillerinin haberlesmesi ile
makine tasarimlarina 6zgii ara yiizler hazirlanabilmekte olup kullanim
kolayligi ve zaman kazanci agisindan yapilan yazilim uygulamalar
giintimiizde onem kazanmaktadir. Bu c¢alismada tarim makinelerinde
kullanmlan kulakli pulluklarin; tasarimi, montaji, pargalari, unsurlari,
olciileri ve teknik resimleri bir parametrik tasarim yazilimi vasitasi ile 522
adet degisken ile kontrol edilerek kulakli pulluk tasarimi yapilmigtir. Uzun
vakitler alan tasarmmlar i¢in bu yaklasim ile kulakli pulluklar igin
degiskenler tamamlandiktan sonra 92 saniye siirerek  tasarumi
tamamlamaktadir. Ornek bir calisma icin tammlanan deSiskenlere gire
aracin analitik hesabt neticesinde 5,26 kN ¢eki kuvveti degerini
saglayacak giice ihtiyag¢ oldugu tespit edilmistir. Caliymanin sonucunda
onerilen bu sistem ile literatiir ¢alismalarinda bulunan kii¢iik yapilarin
disinda biiyiik ve karmagik yapilarda da uygulanabilirligini géstermistir.
Kulakly pulluk veya farkli karmasik yapili makine tasarimlarinda yiiksek
tasarim bilgisi olmayan kisilerinde kullanabilmesi, hizli ve stabil 3D kati
modellerin  olusturulabilmesi icin imalat oncesi ¢alismalarda bu
yaklasimlar énerilmistir.

Anahtar Kelimeler: Parametrik Tasarim, Makine Tasarimi, 3D
Tasarim, Tasarim Otomasyonu

Siirekli gelisen teknolojilerin yaninda, tarim
makineleri sektoriinde olusan rekabet ile birlikte, seri
iiretim, misteri ihtiyaglarma hizli cevap verebilme
gibi yeteneklerin gelistirilmesi a¢isindan tarim
sektoriinde inovatif fikirler onem kazanmaktadir.
Tirkiye de tarim makineleri sektoriindeki firmalar
ihracatinin artmasiyla beraber yurt dig1 firmalariyla
rekabet igerisine girmektedir. Bu sebeple iiriin ve
hizmetler ile alakali inovasyon yapmak firmalarda
zorunlu ihtiyag haline gelmektedir [1]. Inovasyon
calismalar1 firmalar igin pazar agini artirmak ve
rekabet acisindan istiinliik kazandirmaktadir. Sadece
maliyeti azaltmak amaciyla degil {irliniin kalitesi,
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iretim kabiliyetini, tasarim kalitesini artirmak
amaciyla inovasyon ¢alismalari 6nem arz etmektedir
[2]. Bu calismalar1 yapabilmek i¢in firmalarin
ihtiyaglarin belirlenebilmesi, ihtiyaglarin
gelistirilebilmesi acisindan alaninda uzman kisiler
tarafindan egitimde 6nem kazanmaktadir [3]. Tarim
makineleri imalat sanayisinde c¢alisanlarin egitim
seviyesi arttik¢a yapilan yenilikler, tarim sektoriiyle
ilgili literatiir galigmalari da artig géstermektedir [4].

Tarim makineleri sektoriinde ciftci
ihtiyaglarina binaen toprak isleme makineleri tiretimi
oldukga fazladir [5]. Artan yakit fiyatlar ile birlikte
ciftciler icin toprak isleme makineleri tasarimi 6nem
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arz etmektedir. Bolgelere ve traktdr giiglerine gore
farkli 6lgiilerde tasarim istenmektedir. Her modelin
dikkate alinmasi maliyet iizerindeki yiiksek baskilar,
rekabet ve tarim  makineleri {reticilerinden
tasarimcilarina gelen acil tasarim isteklerine yonelik
artan talepler nedeniyle yiiksek ¢esitlilikteki farkli
tarim makine tasarimlart minimum zaman ve emekle
gerceklestirilmelidir.  Bu sebepten dolayr tarim
makineleri  tasarimlarinda  parametrik  tasarim
uygulamalari, bu siirecin verimli olmast igin 6nem
kazanmaktadir.

Gelencksel makine tasarim siireclerinde
montajin ve parcalarin degistirilmesi, parcalara bagl
unsurlarin ve Olgiilerin gilincellenmesi, tasarimlarin
miihendislik denklemleriyle analitik olarak kontrol
edilmesi, teknik resimlerin hazirlanilmasi ve tiretime
hazir hale getirilmesi i¢in uzun bir siire¢ almaktadir.
Bu tasarimin parametrik yapilmasi ve yazilim
vasitasiyla olusturulmasi tasarim  siirecini = ve
maliyetini minimize edebilmektedir [6]. Gelistirilen
parametrik tasarim uygulamalarinda, montajlarda ve
pargalarda tiim Ozelliklerin birbiri ile iliskisini
tanimlanarak bilgi tabanli mithendislik (knowledge
based engineering) uygulanmaktadir [7, 8].
Parametrik tasarim uygulamalart farkli CAD
programlar1 ve yazilim algoritmalarini haberlestirerek
farkli sektorlerde kullanilabilmektedir [9, 10]. Disli
cark, rulman, otomotiv yedek parcalar1 gibi montajin
alt pargalar1 olusturan pargalar i¢inde algoritmalar ve
yaklagimlar gelistirilmektedir [11].

Bu g¢alismada  kulakli  pulluklar igin
hazirlanilan ~ parametrik  tasarim  yaziliminin
gelistirilmesi ~ ve  algoritmasit  ile  caligmalar
aciklanmistir. Yapilan ¢aligmada gelistirilen yazilim,
tasarimdaki sistematik diizen ile tarim makineleri ve
diger imalat sektoriindeki ireticiler i¢in hatasiz ve
pratik bir sekilde ftretime hazir hale getirebilen
tasarimlar elde edilebilmektedir.

MATERYAL ve METOD

Kulakli pulluk tasariminda Solidworks CAD
(Computer aided design) programi kullanilmakta
olup gelistirilen yazilimda ise CAD programinin API
(Application  programming interface) kodlari
kullanilarak Vb.NET (Visual basic) programlama dili
ile bir uygulama hazirlanmistir. Bu uygulamada
kulakli pulluk makinesinin tiim pargalarinin unsurlari
ve Olgiileri yazilimda nesne olarak tanimlanip OOP
(Object-oriented programming) nesne yonelimli
programlama yapilmistir. Kulak tasariminda ise
egimli yiizey olarak 2. Dereceden formiilasyon ile
tanimlanabilmektedir [12]. Bu tanimlamalara gore
kulak tasariminda tiim Olgiiler parametrik hale
getirilerek yazilima tanimlanmustir.
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Onerilen Parametrik Tasarim Yazilim Algoritmasi

Kulakli pulluk parametrik tasarim yazilimi
algoritmasinda belirlenen parametreler ile uygulama
baglatilip her bir parca, par¢adaki tasarim unsurlari,
parganin  Olgiileri  giincellenip tasarim  montaji
baslatilmaktadir. Traktoriin giicline ve makinenin
genisligine gore yazilim ara yiiziinde kulak sayisi
belirlenebilmektedir. Tasarim montajinda belirlenen
kulak sayisi ve glincellenen pargalara gore tekrar
tasarim yapmakta ve degerlendirmelerin olumlu
olmas1 durumunda nihai tasarim elde edilmektedir.
Nihai tasarim sonrasinda teknik resimler ile birlikte
iiretim hazir hale getirilmektedir.

Programlama dili ile olusturulan kodlarin
kullanic1 arayiizii ile baglantis1 saglanmis arayiizde
tanimlanan parametrik degiskenler ile gore kontrol
edilmekte ve tasarimlar olusturulmaktadir. Tim
parametrik degiskenler tanimlandiktan sonra, parca
ve montaj igerisinde tiim unsurlar, Olgiiler,
birbirleriyle iliskileri, govdeler kontrol edilmektedir.
Sonrasinda degerlendirme asamasinda gegmekte ve
bu asamada analitik denklemler ile hesaplamalar,
yazilim vasitast ile uygulanip belirlenen kritere gore
degerlendirilmektedir. CAD programu ile tasarlanan
yapilarda sonlu elemanlar yontemi analizleri kriter
olarak alinabilmektedir [13, 14]. Bu c¢alismada,
literatiir de bulunan g¢aligmalarda ¢eki kuvveti igin
bulunan kriterler alinmigtir. Kriter saglandiktan sonra
ise teknik resimler yazilim vasitasi ile olusturulup
iiretime hazir hale getirilmektedir. Ayrica tasarimda
bulunan tiim montaj, par¢a, unsur ve Olgiiler
birbiriyle iliskilidir. Tasarimda 522 adet degiskenin
arayliz ile kontrol edilmesiyle iligkilerinin olmasi
sebebiyle stabil tasarim ¢iktilar1 elde edilmektedir.
Sekil 1 ve Sekil 2°de Onerilen bu sistematik tasarim
akis1 ve algoritmasi gosterilmektedir.

Algoritmanin Degerlendirme Agsamasi

Kulakli pulluk parametrik tasarim yazilimi
algoritmasinin  degerlendirme asamasinda traktor
veya ¢ekme amaci olan aracin giiciine gore sonuglar
incelenmektedir. Talep edilen gii¢ ¢eki kuvvet hesab1
programma gore karsilastirilmakta olup kriteri
saglamas1 durumunda yazilim teknik resim asamasina
gecip gilincellemekte ve {iretime hazir hale
getirmektedir.

Ceki kuvveti hesabi yaziliminda kulaklara
gelen tepki kuvvetleri: Hs (Pulluk u¢ demirinde
olusan tepki kuvveti, kN), Hy,. (Kulakta olusan tepki
kuvveti, kN), H, (Kulakta potansiyel enerjiden
olusan tepki kuvveti, kN), He (U¢ demiri ile ¢izi
duvarinda yanal kuvvetin olusturdugu siirtinmeden
kaynaklanan tepki kuwveti, KN), Hps (Kulak ile ¢izi
duvarinda yanal kuvvetin silirtinme etkisinden
kaynaklanan tepki kuvveti, kN), H¢ (Kulagin yanal
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hareketinden  kaynakli  kulakta  siirtiinmelerin
olusturdugu tepki kuvveti, kN)’dir. Bu kuvvetlerin
toplami ile H; (Ceki kuvveti, kN) elde edilerek ceki
kuvveti i¢in degerlendirmeler yapilmaktadir.

Tasanm Arayiz( igin
Parametrelerin Belirlenmesi

> Parga Tasarimina
Basla

Tasarim unsurlari ekle
ve Olclileri diizenle

EVET

asarnm Unsuru
Eklenecek mi?

Tasarima
Eklenecek Parca
Var M7

HAYIR

Tum Parcalari
Guncelle
Montaj Tasarimina
Basla

Pargalari Ekle ve
Montaj iligkilerini Yap

EVET

Montajda
Eklenecek Parca
Var Mi?

Tasarimi Tamamla

Degerlendirmeye
Uygun Mu?

Tamamlandi
Sekil 1. Onerilen yazilim algoritmasi
H =Hp+Hg+H +H +H +H +H, (1)
Toprak tipine, ¢eki kuvvetini saglayan aracin
hizina, ¢elik ve toprak arasindaki siirtiinme kuvvetine
bagli olarak yazilima y (Topragm birim hacimdeki

agirlik degeri, kN/m?), dp (Kulakli pulluk u¢ demiri
derinlik, m), ¢ (Kohezyon, kN/m%, w, (Ug demiri
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genislik, m), m (Bozulma orani), v (Arag ilerleme
hiz1, m/s), g (Yergekimi ivmesi, m/s?), ap (Ug demiri
kama agist, °), a5 (Toprak kaldirma agisi, ©), 3 (Toprak
ile metal siirtinme katsayisi), % (Toprak-toprak
stirtiinme katsayisi), ws (Pulluk u¢ demiri genislik,
m), B (Pulluk u¢ demiri agisi, °), 6 (Kulak agisi, ©)
degiskenleri girilerek, toplam g¢eki kuvvet H; kuvveti
bulunmaktadir [15]. Bu degiskenler deneysel ve
sonlu elemanlar analiz ¢aligmalar1 neticesinde elde
edilen degerlere gore ¢eki kuvvet hesabi igin yazilima
tammlanmugtir [16].

m-1
H, =[0d,N, +cd, N )(w, +O.55dp(m—T)) @)

+ [yN;d”J(Wp +0.33d,)]sin(a, +9)

yv?*N, d

HS=(;dsNy+cdch+f)wssin(ap+5) )

sin g

Hoe =(/9)w,d, +w,d )v?(L—(L-sin ftan 5) (4
cos 6)

H, =2y(w,d, +w,d,)d, (5)

2

HCS:(;dsNy+cdSNc+Wg¢dS)stin(ap+5) (6)

cosftano

H,. = (r/9)(w,d, +w.d,)v?sin 6(1—sin Otan &) @)
tano

H, =0.95y(w,d, +w,d,)tanstanJ, 8)

BULGULAR

Parametrik pulluk tasarim yaziliminda tiim
parcalarin ve montajlarin unsurlari, dlgiileri kullanict
ara yiiziinde degistirilebilmektedir. Uygulanan metod
ve parametrik tasarim platformu yiiksek tasarim
bilgisine ve CAD programi bilgisine ihtiyag
duymamaktadir. Miisteri talebine goére degistirilen
tasartmin, kisa siireler igerisinde tiim asamalari
tamamladig1 ve iretime hazir hale getirilmistir.
Yazilimin hazirladigi teknik resimler igin birgok
makine Uretimi kalite kontroller ile dogrulanarak
tasarim i¢in  hatasiz  iriinler elde edildigi
belirlenmistir. Sekil 4’de gosterilen kullanici
arayiiziinde 3D kat1 modelinde giincellenmesi, CAD
programinin arka planda ¢aligmasini saglamaktadir.

Cilt 22, Sayi 1, Mayis 2024 / 3



Kullanier Arayiizii

Tammlamala

Grafiksel

|'l'ek||ik Resim

Kodlar

Arayiiz

Parametrik
Degigiklikler

— H

s

< Hye Hy

—{ Parcn] { Montaj ]—f)cgcrlcndirma

Sekil 3. Kulak Uizerine gelen tepki kuvvetleri [15]

At Kisim Parametreleri | Ust kism Paramelreleri | Tekrik Resimier

@® Est Derecede Bikimde
O Farkh Derecelerdeki Bikimde

istenilen Kulak Sayis:
Sal Uzakigi (mm)
Ara Sal Uzakligi (mm)
Ok t Kalinhg: (mm)
Sasi Lama Yukseklik (mm)
Sasi Lama Geniglik (mm)
Ag

Sala Gore Belirlenen Biikim Uzunlugu

Sasi Ustii Ek Lama (Cati)
O Var ® Yok

Cizim Cesidini Seginiz

) Gizimi Arka Planda Yap
® Solidworks Agilsin ve Gizim Yapilsin

Gizim Tamamlanmigtr Uyans Geldikten Sonra Sclidworks'e Gegebilrsiniz.

3D File

Cizim Sonug Verileri

Toplam Agirlik ( Kg ) 404.2

Ust Kisim Agirlik ( Kg )

Alt Kisim Agirlik { Kg ) 67.55

Sekil 4. Montaji ve degiskenlerini iceren kullanici araytizi
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Yazilim algoritmasi ile sistematik bir diizen
saglanmakta olup tasarim maliyetini minimize
etmektedir. Kulakli pulluk makine tasarimini 92
saniye gibi kisa siire igerisinde tamamlamaktadir.
Hatasiz ve stabil tasarimlarin elde edilmesi ile birlikte
siklikla kullanilabilir hale getirilmistir. Kulakli pulluk
makinesi alt parcalarmin da degisken olmasi ile
tasarim yetenegi genisletilmisgtir. Bununla birlikte
miisterilerin talep edebilecegi tiim degiskenler
tanimlanmistir. Tim alt pargalarla beraber kulak
tasarimlarinin da parametrik olmasi zorlu tasarim
sirecinde kolaylik saglamistir. Sekil 5°’te kulak
tasarimina ait tim parametreler gosterilmekte olup
gosterilen parametrelere gore kulak tasarimi
yapilabilmektedir.

AltKsm Parametreleri | UstKism Parametreleri  Teknik Resimler

Kulak

Yatak Ok

Bigak

Kulakli pulluk tasarmmi yazilim tarafindan
hazir hale getirildikten sonra toprak ile temas eden
ylizey alanlarina, toprak tipine ve o6zelliklerine bagl
olarak Hy¢eki kuvveti hesabina gore degerlendirmeler
yapilmaktadir. Aracin giiciine gore degerlendirmeler
yapilip ¢eki kuvvetine gore uygun goriildiigii taktirde
tasarim kabul edilmekte ve kriter
olusturulabilmektedir. Tasarimin seri bir sekilde

degistirilebilir olmasi ile birlikte hesaplamalar igin
Sekil 6’da gosterilen ara yliz hazirlanip hesaplamalar
neticesinde degerlendirme agisindan pratik bir ¢6ziim
saglanmustir.

X (cm) «

Cilaig Egrisi Parametrelen

ClisEgrsi [00025 | x2+ 15 |x

635

Kiisrath Degererin Virglil () Kullanilarak Yazimas: Gerekmektedir.

Sekil 5. Montaja bagh pargalarin parametrik tasarim kullanici araytzi

Sonuclar Parametreler
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Ht = Toplam geki kuvveti, kN

Hp = Burun noktasinda meydana gelen geki
kuvveti kN

Hs = Ug demirinde meydana gelen geki kuvveti, kN
Hme = Kulakta|meydana gelen ceki kuvveti, kN

He = Kulakta potansiyel eneriden dolay meydana
gelen geki kuvveti, kN

Hes = Ug demin ile gizi duvannda lateral kuvvetin
etkisiyle sUntinmeden dolay meydana gelen geki
kuvveti, kKN

Hms = Kulak ile gizi duvannda lateral kuvvetin
etkisiyle

sintinmeden dolay meydana gelen geki kuvweti, kN
Hfs = Topradin kulak (zefnde |ateral hareketinden
dolay kulakta sirtinme kuvveti bilegenlerinin
meydana getirdidi ¢eki kuvveti, kN

y = Toprak hacim adifidi, kN/m3

dp = Ug demir burun derinlidi, m

4
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Sekil 6. Degerlendirme asamasi icin hazirlanan analitik hesap programi
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Yazilim algoritmasinda degerlendirme
asamasinin bitmesi ile beraber iiretim i¢in Sekil 7°de
gosterilen ara yliz ile teknik resimler tiim pargalar
icin elde edilmektedir. Tasarim otomasyonu amaciyla
hazirlanan algoritmanin tamamlanmast ile iiretim i¢in
hazir hale gelmektedir. Gergeklestirilen calisma
neticesinde analitik hesaplamalar gerceklestirilmis
tasarim ¢iktisi olarak ¢eki kuvveti ve teknik resimler
elde edilmigtir. Bu c¢aligmanin o6nerdigi sistemin
kullanilabilirligi sadece kulakli pulluklar i¢in degil,
akademik c¢aligmalar veya imalat sektoriinde siklikla
degisen tasarimlarin bu sistem ile daha stabil ve
pratik ¢oziimler saglanacagimin dngoriillmesidir.

> 8 : r O QK T Q2 oo

Sekil 7. Tasarim ve degerlendirme asamasi sonrasi
yazilim vasitasiyla olusan teknik resimler

Imalata yonelik hazirlanan bu uygulama ile
imalat siirecinde hatasiz {retim hedeflenmis ve
gerceklestirilmistir.  Parametrik  tasarim  yazilimi
vasitasi ile 92 saniye gibi kisa bir siire i¢erisinde tiim
tasarim ve analitik hesaplamalar tamamlanmistir. Bu
uygulamanin karmasik ve 522 degisken ile biiyiik bir
yapida Dbilgi tabanli tasarim uygulanmasi ile
literatiirde bulunan diger calismalara gore biiylik
yapilarda ve tarim sektdriinde de uygulanabilirligini
gostermistir [11, 17, 18]. Bir calisma da analitik
olarak disli hesabi ile degerlendirmeler yapilmis olup
bu calisma da ¢eki kuvveti hesabi i¢in yazilim
hazirlanmis ve degerlendirilmistir [11]. Ayrica baz1
calismalarda bulunan metotlar ile kulak tasarimi
olduk¢a vakit almakta olup bu c¢alismada
gerceklestirilen parametrik tasarim ile daha kisa
stireler ile kulak tasarimi gerceklestirilebilmektedir
[19, 20]. Sadece iiretim igin degil literatiirde kulak
yapisi i¢gin ayrik elemanlar metodu gibi yontemlerle
gerceklestirilen analizlerde tasarim girdisi olarak
avantaj saglayabilir ve optimizasyon ¢aligmalarinda
pratik tasarimlar i¢in kullanilabilir [21]. Geleneksel
tasarim yerine kompleks yapilarda bu tiir parametrik
tasarim arayiizleri oldukga verimli olmaktadir [22].
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Parametrik tasarim yontemleri ile makinelerde
siklikla degisen Oolgiiler icin yapilan tasarimlar
verimli hale getirmektedir. Parametrik tasarimin, bir
algoritma ve sistematik bir diizen ile yazilim
vasitalartyla kontrol edilmesi miihendislik maliyetini
azaltmakta, hata orami diigiik ve stabil sonuglar elde
edilmektedir. Tarim makineleri sektoriinde, ¢iftcilerin
Olcii gesitliligi fazla olan cesitli tasarim taleplerinin
olmasi  parametrik  tasarim  uygulamalarinin
gelistirilmesi  ihtiyacin1  dogurmaktadir.  Bazi
durumlarda kisa siire igerisinde ¢ok sayida tasarim
ihtiyaci olusabilmektedir. Otomotiv, ig makineleri
imalati ve diger sektorlerde parametrik tasarim
yontemi siklikla kullanilmakta olup tarim makineleri
sektorii icin tasarim alaninda bu tiir uygulamalarin
kullanilmadigi  goriilmektedir. Bu  caligmada
gelistirilen algoritmanin nesne yonelimli
programlama ile tasarimdaki montajin, parcalarin,
unsurlarin ve dlgiilerin kontrolii saglanmistir. Bir ara
yiiz hazirlanilarak tiim degiskenler kontrol edilmistir.
Bu metot, yalnizca 3D CAD pargalarinin otomatik
boyutlandirilmasini  ve  montaj  modellerinin
diizenlenmesini  degil, aym zamanda farkh
geometrileri, malzemeleri, farkli konfigiirasyonlari,
pargalarin varyasyon alternatiflerini ve bir montajda
bunlar arasindaki etkilesimlerini kapsamaktadir. 522
adet parametreye bagli olarak tasarim 92 saniye
igerisinde tamamlamigtir. Tasarim neticesinde 5.26
kN c¢eki kuvvetini saglayacak gilice bir ara¢ olmasi
gerektigi belirlenmistir.

Parametrik tasarim yazilimlarinin, literatiirde
bulunan kii¢iikk yapili modeller diginda, biiyiik ve
karmagik makinelerde kullanilabilecegi bu ¢alisma
neticesinde goriilmiistiir. Onerilen bu yaklasim ile
akademik c¢alismalarda veya makine imalati
sektoriinde makine tasarimi gerceklestiren, tasarim
bilgisi az olan kigilerinde tasarim ihtiyacin
karsilayan, sik tasarim degisikligi yapan tasarimcilar
icin pratik ¢ozlimler iireten bu tiir algoritmalar ile
yazilim vasitasiyla olusturulan tasarimlarin, iiretim,
tasarim silireci ve hatalar1 minimize ederek daha
verimli olacagi, mithendislik maliyetini azaltacagi bu
caligma neticesinde onerilmektedir.
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INTRODUCTION

Triply periodic minimum surface (TPMS)

A Numerical Investigation About
Shrink Line Formation in TPMS
Lattice Structures During LPBF
Process

Thermal nature of laser powder bed fusion process (LPBF)
causes residual stress formation on the part during printing which
may cause penetration of some layers towards inside or outside of
the nominal geometry called shrink line. Shrink line affects
dimensional accuracy and fatigue life of produced parts. The
prediction of shrink line formation via numerical methods is
important to mitigate the high cost of trial-and-error printing. This
study focused on shrink line formation prediction in triply periodic
minimum surface (TPMS) lattices produced by LPBF process. The
effect of TPMS type, volume fraction, unit cell size, inclination angle
of the lattice with respect to build platform, functional grading and
material on shrink line formation were investigated. Numerical
results revealed that shrink lines were formed only on Primitive
lattices and input or control parameters used in this study directly
influence the shrink line penetration depth due to different thermally
induced stress formation between successive layers.

Keywords: shrink line, laser powder bed fusion, process
simulation, TPMS lattices

complex geometries like TPMS structures [5].
However, during LPBF process, high thermal

structures are one type of the lattice structures
expressed in  mathematical equations, having
repeating unit cells in three dimensions, and having
zero mean curvature of surface [1]. Due to their light
weight and enhanced mechanical properties, TPMS
structures have been used in different industrial
applications [2].

TPMS structures can be produced with some
conventional manufacturing methods, however, due
to the advancement in additive manufacturing (AM)
modalities, they can also be manufactured with AM
to reduce cost, lead time, mold or fixture needs [3].
Laser powder bed fusion (LPBF) process is one of
the subcategories of AM technologies where laser
energy is used to selectively melt metal powder laid
on a build platform layer by layer [4].

Since LPBF method is based on layer-by-layer

manufacturing in  contrast to  conventional
manufacturing, it enables manufacturing of very

8/ Cilt 22, Sayi 1, Mayis 2024

gradients occurred between successive layers due to
the high energy input of laser which causes some of
the layers to penetrate towards the outside of the part
boundary and form a notch. These notches are called
shrink lines [6] and they have negative effects on
dimensional accuracy [7] and fatigue life [8] of the
printed parts.

It was observed that although there are studies
related with shrinkage in LPBF produced parts, there
are limited studies in literature that focuses on shrink
line formation in LPBF process. It was stated in the
literature that powder size distribution, powder
density, the number of powder recycling, laser scan
speed, laser power, laser spot size, layer thickness,
hatch distance, scanning strategy, post processing etc.
have some amount of effect of shrinkage and/or part
distortion on LPBF produced parts [9-11]. It was
shown that laser power increse and laser scan speed
decrease [12], layer thickness decrease [13] and
preheating the build platform [14] have positive
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effects in reduction of shrinkage and part distortion.
To the best of authors’ knowledge, there are no study
so far investigating the shrink line formation in
TPMS lattice structures produced by LPBF method.
To fill this gap, three different TPMS lattices were
investigated in terms of shrink line formation in the
present study. Gyroid, Diamond and Primitive
structures are three most popular types of TPMS
structures whose mathematical expressions are given
in equations 1-3 below.

2mX e e o

Gyroid = sin—— = cos—+ sin—=*cos—+
Ly Ly Loy Loz
sin——#cos— =¢
Ly E
1)
. InX ZrY Zm. . ZRX
Diomond = cos # CO3 # COS — sin #
Ly Ly Ly Ly
., ZRF , Zm
sin— = sin =c
Ly Ly
)
. X IR 2.
Primitive =cos— +cos— fcos—=¢ 3)

Ly Ly Ly

where X, Y, and Z are the number of unit cells and
Lx, Ly, and Lz are unit cell dimensions in X, y, and z
directions, respectively, ¢ is a constant [15].

It was stated in literature that fracture
toughness of Primitive parts are directly affected by
volume fraction, unit cell size and number of unit
cells [16] which means that there is a direct
correlation between these inputs and mechanical
properties of TPMS lattices. To show the importance
of these factor in terms of shrink line formation,
volume fraction, unit cell size, inclination angle of
the lattice with respect to build platform, functional
grading and material were also selected as input
parameters in the present study.

Since LPBF is a costly process, to reduce the
cost and build time spent on trial and error printing,
numerical methods are widely used to predict the
anomalies during and after the build process [17].
Therefore, in this study, thermal and mechanical
simulation based numerical methods were used to
predict the shrink line formation.

The rest of the paper is organized as follows:
in Material and Methods section, specimen design,
numerical method, measurement and assessment
details were given. In Results section, the result of
TPMS type, volume fraction, unit cell size,
inclination angle of the lattice with respect to build
platform, functional grading and material on shrink
line formation were presented and then they were
discussed in Discussion section. Finally, summary
and main findings were listed in Conclusion section.
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MATERIAL AND METHODS
Specimen Design

MsLattice software was used to obtain
computer aided (CAD) geometry of TPMS structures.
Gyroid, Diamond and Primitive structures were used
as TPMS types. Initially 4 mm unit cell size, 6
number of unit cells and 25% volume fraction (the
volume percentage of the solid material/feature in
TPMS structure) were selected for all TPMS
structures (Figure 1). These structures have 0.5 mm
wall thickness and 24x24x24 mm outer dimensions.
The numerical study on these initial geometries
revealed that shrink line were observed on only
Primitive structure. Therefore, the rest of the studies
were performed on Primitive structures. 35% and
45% volume fractions, 6 mm unit cell size,
volumetric functional grading where volume fraction
is 25% at the bottom and 45% at the top of the
geometry and lastly Inconel 718 and CoCrMo
materials were used during numerical investigations.
The related design of experiment which contains a
total of 11 specimens is shown in Table 1.

a)

Figure 1. a) Gyroid specimen, b) Diamond specimen,
¢) Primitive specimen
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Numerical Study

For numerical study based on
thermomechanical simulations, Simufact Additive 4.1
commercial software was used. For the material data
of both CoCrMo and Inconel718, Simufact Material
library was used.

The Simufact software uses voxel elements to
fully represent the original CAD geometry. The finer
voxel elements result in more accurate representation
of the geometry but much higher run time. Therefore,
a mesh convergence study needs to be performed to
obtain the optimum voxel element size for both
accuracy and run time. For this purpose, 0.7, 0.6, 0.5,
0.4, 0.3 and 0.2 mm voxel element sizes were used
and the results were compared in terms of
dimensional deviations. Figure 2 shows the
comparison between dimensional deviation and voxel
element size. Since dimensional deviation reaches a
constant value after a voxel element size of 0.3 mm,
this voxel element size value was used in all
numerical studies. Each numerical study took nearly
14 hours to complete.

Shrink Line Penetration Depth Measurements

Shrink line penetration depth is important
since it affects stress concentration formation and
fatigue life reduction. Therefore, this depth is the
main performance output of the present study. The
deviated geometry based on numerical study was
aligned with original CAD geometry in GOM Inspect
software and shrink line depts were measured. Shrink
line depths were measured on five locations in four
side surfaces, therefore, a total of twenty
measurements were taken and average of them was
used for assessments.

0.18
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0.14
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Mesh size (mm)

Figure 2. Mesh convergence study

RESULTS

The Effect of TPMS Type on Shrink Line
Formation

The displacement of LPBF produced
specimens from original CAD data for Gyroid,
Diamond and Primitive specimens are shown in
Figure 3. It is clear that no distinct shrink line
formation was observed on Gyroid and Diamond
specimens. However, three shrink lines are clearly
visible in Primitive specimen shown with red arrows
in Figure 3. Shrink line depths were measured on four
surfaces of Primitive specimens and the average
values was found as 0.10 mm. There is a shrink line
near the top surface of the Primitive specimen, its
depth was measured as 0.08 mm, however, it is not
clearly visible, therefore, shrink line formation can
not be accurately stated in this area.

Table 1. Design of experiment

Specimen . Volume Incli_natio_n angle of the Unit cell size Numb_er .
No Lattice type fraction Iat'qce with respect to (mm) of unit | Material
build platform (deg.) cell
1 Gyroid 0.25 0 6 4 In718
2 Diamond 0.25 0 6 4 In718
3 Primitive 0.25 0 6 4 In718
4 Primitive 0.35 0 6 4 In718
5 Primitive 0.45 0 6 4 In718
6 Primitive 0.25 0 4 6 In718
7 Primitive 0.25-045 |0 6 4 In718
8 Primitive 0.25 0 6 4 CoCr
9 Primitive 0.25 15 6 4 In718
10 Primitive 0.25 30 6 4 In718
11 Primitive 0.25 45 6 4 In718
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The Effect of Volume Fraction on Shrink Line
Formation

The displacement of LPBF produced Primitive
specimens from original CAD data for different
volume fractions are shown in Figure 4. For all the
three volume fractions investigated in the present
study, a total of four shrink lines were observed in
each Primitive specimen. Shrink line depths were
measured as 0.10 mm for the bottom three shrink
lines and 0.08 mm for the top shrink line. Shrink line
depth values for the bottom three shrink lines do not
change considerably when volume fraction changes,
however, it is clear that when volume fraction
increased from 0.25 to 0.35 and then to 0.45, the top
shrink line were more clearly visible which indicates
a more probable shrink line formation in this region.

The Effect of Unit Cell Size on Shrink Line
Formation

The displacement of LPBF produced Primitive
specimens from original CAD data for two different
unit cell sizes are shown in Figure 5. For Primitive
specimen with 6 mm unit cell size and 4 unit cells, a
total of four shrink lines were observed and as stated
before shrink line depths were measured as 0.10 mm
for the bottom three shrink lines and 0.08 mm for the
top shrink line. On the other hand, for Primitive
specimen with 4 mm unit cell size and 6 unit cells, a
total of five shrink lines were observed and shrink
line depths were measured as 0.10 mm for the top
four shrink lines and 0.07 mm for the bottom shrink
line.

The Effect of Functional Grading on Shrink Line
Formation

The displacement of LPBF produced Primitive
specimens from original CAD data for fixed and
variable graded specimens in terms of volume
fraction are shown in Figure 6. It is clear that adding
functional grading did not change the number of
shrink lines when compared with the fixed grading,
however, shrink lines depth measurements revealed
that bottom and top shrink lines have 0.09 mm depth,
and two shrink lines at the middle have 0.10 mm
depth in functionally graded specimen contrary to
fixed graded specimen in which bottom three shrink
lines have 0.10 mm depth and top shrink line has 0.08
mm depth.

The Effect of Inclination Angle on Shrink Line
Formation

The displacement of LPBF produced Primitive
specimens from original CAD data for different
inclination angles with respect to build platform are
shown in Figure 7. It is clear that for O degree
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inclination angle, a full smooth shrink lines that pass
all the four faces were observed. On the other hand,
when inclination angles increased to 30, 45 or 60
degrees, local shrink lines parallel to the build
platform (z direction) were observed. The shrink line
depths of these local shrink lines are 0.08-0.09 mm.
Therefore, it can be stated that tilting the Primitive
specimens with respect build platform helps to
mitigate shrink lines.

£}
3
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Figure 3. Displacement of LPBF produced specimens
from original CAD data for a) Gyroid specimen, b)
Diamond specimen, c) Primitive specimen
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Figure 4. Displacement of LPBF produced Primitive
specimens from original CAD data for a) 0.25 volume
fraction, b) 0.35 volume fraction, c) 0.45 volume
fraction

The Effect of Material on Shrink Line Formation

The displacement of LPBF produced Primitive
specimens from original CAD data for Inconel 718
and CoCrMo materials are shown in Figure 8. No
distinct difference in terms of shrink line locations
were observed between two specimens. However, in
terms of shrink line depth 0.01-0.02 mm differences
were observed in different locations between two
specimens.
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Figure 5. Displacement of LPBF produced Primitive
specimens from original CAD data for a) 6 mm unit
cell size and 4 unit cells, b) 4 mm unit cell size and 6
unit cells

DISCUSSIONS

LPBF process is a thermal process and due to
the local metal powder melting, high thermal
gradients occur. These thermal gradients result in
local or global warpage of the produced parts. These
warpages are more critical especially in cross
sectional area changes. If the cross sectional areas
between successive layers are somewhat smooth and
do not change considerably, then heat dissipation
during LPBF process is uniform. On the other hand,
if abrupt cross sectional area changes occur between
successive layers, then, the heat dissipation becomes
variable which causes high tensile forces due to
thermal contraction [7].

In the present study, shrink lines were
observed only in Primitive specimens. The reason is
that Gyroid and Diamond specimens have more
uniform cross sectional area changes between
successive layers which eliminates shrink line
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formation. On the other hand, in Primitive specimens,
cross sectional areas increase at the transition of
empty pockets to solid walls, and it is clear from
Figure 3-8 that shrink lines occurred at these
transition areas.

It was observed that volume fraction changes
do not change the number of shrink line formation,
but it changes the shrink line dept values. The reason
is the different thermal input given to each layer.
When volume fraction increases, more material is
introduced to the specimen and more energy input is
needed to scan each layer [18].

Unit cell size directly affected the shrink line
formation in terms of number of shrink lines and
depth. When unit cell size changed, shrink lines were
occurred again at the locations where cross sectional
area changes. The depth of shrink lines were different
for different unit cell sizes since thermal gradients
occurred are different [19, 20]. Similarly, functional
grading also affected the shrink line depths due to
thermal input and the amount of tensile stress
formation [21, 22].

Figure 6. Displacement of LPBF produced Primitive
specimens from original CAD data with a) fixed
graded volume fraction, b) functionally graded volume
fraction.
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Figure 7. Displacement of LPBF produced Primitive
specimens from original CAD data for inclination
angle of a) 0 degree, b) 30 degree, c) 45 degree, d)
60 degree
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Figure 8. Displacement of LPBF produced Primitive
specimens from original CAD data for a) Inconel 718
material, b) CoCrMo material

When inclination of Primitive specimen with
respect to build platform changes, cross sectional
areas along z direction changes. Therefore, the laser
energy given to each layer changes which directly
affects the shrink line depth [23].

In LPBF process, different materials can be
used to produce end products. These materials have
different melting point, therefore the power of laser
energy used is different for different materials. Due
to different laser power and process parameters,
energy input and related thermally induced stresses
are different. This is the main reason for different
shrink line depths observed in Primitive specimens
with Inconel 718 and CoCrMo materials [24].

CONCLUSIONS

Shrink line formation is a very important
phenomena in LPBF produced parts which directly
affects global dimensional deviation and fatigue life
of the part. The prediction of this phenomena before
print by using numerical methods is important to
decrease the cost and time spent on trial and error
printing. In this study, shrink line formation
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prediction with numerical methods were investigated
on three most popular TPMS lattices: Gyroid,
Diamond and Primitive. The effect of volume
fraction, unit cell size, inclination angle of the lattice
with respect to build platform, functional grading and
material on shrink line formation were investigated
numerically. The main findings can be summarized
as follows:

e Due to the sharp cross sectional area changes,
shrink line formation was observed only on
Primitive specimens.

e Volume fraction, unit cell size, functional
grading directly affects shrink line formation
and its depth due to the different energy input
and thermal induced stress formation.

e Material is one of the most important
parameters affecting the shrink line formation
due to different laser power and resulting
thermal  gradients  occurred  between
successive layers.

e Instead of using O degree inclination, 30, 45
or 60 degree inclination of lattice structure
with respect to build platform can be used to
mitigate shrink line formation.

The present study focused on only numerical
investigation of shrink line formation. Future studies
will focus on experimental testing and verification.

LAZER TOZ YATAGI FUZYON PROSESI
SIRASINDA, TPMS KAFES  YAPILARINDA
OLUSAN BUZULME GIiZGILERININ SAYISAL
iNCELENMESI

Lazer toz yatagi flizyon isleminin (LTYF)
termal dogasi, liretim sirasinda parga iizerinde artik
gerilim olusumuna neden olur ve bu da baz
katmanlarin biizilme ¢izgisi adi verilen nominal
geometrinin i¢ine veya digina niifuz etmesine neden
olabilir. Biiziilme ¢izgisi, iiretilen pargalarin boyutsal
dogrulugunu ve yorulma Omriinii etkiler. Biiziilme
cizgisi olusumunun sayisal yontemlerle tahmin
edilmesi, deneme yanilma iretiminin yiiksek
maliyetini azaltmak i¢in Onemlidir. Bu c¢alisma,
LTYF yontemi ile {iretilen ii¢lii periyodik minimum
yiizey (TPMS) kafeslerinde biiziilme ¢izgisi
olusumunun tahmin edilmesine odaklanmigtir. TPMS
tipinin, hacim oraninin, birim hiicre boyutunun,
kafesin iretim platformuna gore egim agisin,
fonksiyonel derecelendirmenin  ve malzemenin
biiziilme ¢izgisi olusumuna etkisi arastirilmstir.
Sayisal sonuglar, biiziilme ¢izgilerinin yalnizca
Primitif kafeslerde olustugunu ve bu ¢alismada
kullanilan kontrol parametrelerinin, ardisik katmanlar
arasindaki, 1s1 kaynakli gerilim olusumu nedeniyle
biiziilme ¢izgisi penetrasyon derinligini dogrudan
etkiledigini ortaya ¢ikardi.
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Anahtar Kelimeler: Biizillme ¢izgisi, lazer toz
yatagi flizyon yontemi, proses simiilasyonu, TPMS
kafes yapisi
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GiRiS

Emme ve egzoz supaplari, gaz akis portlarini
engellemek ve igten yanmali motorlarda gaz
degisimini kontrol etmek i¢in kullanilan hassas motor
bilesenleridir. Supaplar, taze havanin veya karigimin
bir silindire girmesini veya egzoz
silindirden ¢ikisim1 saglamak i¢in silindir kafasina

yerlestirilmistir.

Sodyum Katkili ve Mono Metalik
Egzoz Supaplarinin Sicaklk
Dagilimi Karsilagtirmasi

EQzoz supaplari biiyiik mekanik ve termal yiiklere, ayrica
motor omrii boyunca yiiksek ¢evrimli yorulmaya maruz kalan son
derece dnemli par¢alardir. Emisyon normlarinin her gecen giin daha
stki hale gelmesi, daha yiiksek yanma sicakliklarini ve basinglarini
beraberinde getirmektedir. Artan yanma sicakliklart ve basinglarina
ilk maruz kalan parcalardan biri egzoz supaplaridir. Dolayisiyla
supaplara aktarilan 1simin daha kolay transfer edilmesi, supap
tizerindeki sicaklik dagilvmimin iyilestirilmesi ve supaplarin maruz
kaldigi yiiklerin azaltilmasi amaglanmaktadir. Bu ¢alismada, sodyum
katkili ve mono-metalik egzoz supaplaryla ayri ayri termal testler
yapilarak, bunlarin sonuglart karsilastirilmis ve sodyum katkili
supaplarda tabla ve boyun bolgesindeki sicakliklarin 100-120 °C
daha diisiik oldugu ol¢iilmiistiir.

Anahtar Kelimeler: Egzoz Supabi, Te e'{”mal Test, Icten
Yanmalr Motor, Sodyum Katkili Supap, Sicaklik Olgiimii

Egzoz supaplari, iiretildikleri malzemelerine
gbre tiplere ayrilabilir; bunlar mono-metalik ve
sodyum katkili egzoz supaplaridir. Mono metalik
egzoz supaplari, tek metalik malzemeden, sicak
ekstriizyon ve presleme prosesleriyle tiretilir. Sodyum

gazlarnin katkili egzoz supaplari ise, supaplarin iiretimi

esnasinda, govde kismina agilan deliklere sivi
sodyum eklemesi yapilmis, ardindan govde ve tabla
kism1 kaynak metoduyla birlestirilerek {iretilmis

Emme portu, havanin veya karisimin gekildigi
periyotta; egzoz portu ise egzoz gazlari tahliye
edilirken agik olmalidir, bunu da saglayan sirasiyla
emme ve egzoz supaplaridir. Supaplar uygun
zamanlarda mekanik olarak agilip kapanabilen bir
caliyma mekanizmasina sahiptir. Supaplar asagida
siralanan 6zelliklere sahip olmalidir:

- Kapali olduklar1 durumda, tamamen bir gaz
sizdirmazlig1 saglamalidir.

- Acik olduklari durumda, gaz akismna karsi
direngleri minimum olmalidir.

- Minimum  silirtiinmeyle  ¢aligmalart  ve
yiiksek aginma direncine sahip olmalar1 gerekir.

Supap tasariminda 6nemli olan parametreler,
maksimum motor devri, calisma sicakliklar1 ve
motorun giictidiir. Bu faktorler, supap malzemesini,
supap seklini ve her bir silindir igin gerekli olan
supap sayisini etkilemektedir [1].
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supaplardir. Bu calismada, bahsedilen iki farkli tipte
€gz0oz supabinin, ayni tipte motor iizerinde ve ayni
kosullarda yapilan termal testler sonucunda,
supaplarin  yilizeyleri iizerinde yapilan sertlik
Olclimiine dayanan bir metotla elde edilen sicaklik
dagilimlar1 deneysel olarak ortaya koyulmus ve
karsilastirilmigtir.

LITERATUR TARAMASI

Literatiirde, egzoz supaplarmin iizerinde
olusan sicaklik dagilimlarini belirlemeye yonelik
olduk¢a smmirli sayida deneysel Olgiim metodunun
mevcut oldugu tespit edilmistir. Ciinkii bu konuda
yapilan  onceki c¢alismalar ¢ogunlukla supap
sicakliklarmin teorik olarak hesaplanmasina veya
bilgisayar destekli simiilasyonla sicakliklarin tahmin
edilmesi metotlarina dayanmaktadir. ,
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Wiist ve Fischer, modern motor geligtirmenin
esnek ve  dinamik  stirecler  gerektirdigini
vurguladiklar1 calismalarinda dogrudan motor test
odasinda veya aragta kullanilabilen, Dbilesen
sicakliklarinin temassiz anlik ¢evrimigi O6l¢limii igin
bir yontem gelistirdiklerinden bahsetmislerdir [2].
Temel hususlar, o6lgiim yontemlerinin  hizi  ve
hassasligidir. Bu yapilan g¢aligmanin odak noktas,
test miihendislerine gercek zamanli olarak test
odasinda bir dl¢iim sinyalinin {iretilmesidir. Boylece
hem mekanik hem de uygulama agisindan gelistirme
stirecinin verimliligi 6nemli 6lgiide arttirilmaktadir.

Supap sicakligr dlgtimiindeki merkezi bilesen
bir pirometrik kizilotesi sensordiir. Sekil 1, silindir
kafasina sensdr entegrasyonunu gostermektedir.
Sicaklik olgtimii pirometrik kizilotesi sensor ile
yapilmaktadir. Sensoér, fiber optik kablo ile bir
kontrolore, kontrolor de bir 6l¢iim bilgisayarina
baglhdir. Sensdr, yiiksek egzoz gazi sicakliklarina ve
egzoz geri basincina karst safir koruyucu camla
korunmaktadir.

Fiber Optik Kablo

* Pirometrik
Kizilotesi Sensor

Koruyucu Cam

/
Su Ceketi L

Egzoz Supabi

¥

o
Wa-

Emme Supab:

-~

Isin Olgiim Pozisyonu
Sekil 1. Silindir kafasina sensor entegrasyonu [2]

Caligmada test edilen egzoz supaplar igi
bosaltilmis sodyum dolu supaplardir. Motor 7000
rpm’de ¢aligtirihip, kararlt hale geldikten sonra egzoz
supabi tablasi ylizeyinden alinan o6l¢iim sonuglari
Sekil 2” de paylasilmistir. Sonuglarda yiiksek sicaklik
degerleri dikkat cekmektedir. Maksimum Olgiilen
sicaklik degeri 685°C olmustur.

Stotter ve arkadaslari, egzoz supaplari
iizerinde olusan sicakliklar1 hem teorik olarak
hesaplama yontemiyle hem de deneysel olarak dl¢iim
yontemiyle elde etmisler ve bunlar1
karsilastirmiglardir [3]. Bu calismada kullandiklari
deneysel yontem, termokupllarla supap yiizeyleri
iizerinde anlik sicaklik Slglimlerine dayanmaktadir.
Termokupllar igin segilen konumlar Sekil 3 iizerinde
gosterilmistir: supap tablasiin merkezi, supap yuvasi
ylizeyi, supap boyun yiizeyi Ve supap sapinin yiizeyi.
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Sekil 3. Termokupllarin konumlari [3]

Caligmada elde ettikleri deneysel supap yiizeyi
sicaklik 6l¢iim sonuglarinin, yine ayni ¢aligma i¢inde
yaptiklar1 teorik olarak hesapladiklari supap ylizey
sicakliklartyla oldukga uyumlu oldugunu
belirtmislerdir.

Sanders ve arkadaslari, sodyum katkili
supaplar {izerindeki sicaklik dagilimmi Olgmeye
yonelik uyguladiklari bir metottan bahsetmislerdir
[4]. Sodyum katkili egzoz supabinin u¢ kismi
delerek, buradan bir termokupl yerlestirmislerdir
(Sekil 4). Daha sonra supabi, gesitli motor ¢alisma
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kosullar1 altinda test ederek supabin c¢alisma
(operasyon) sicakliklarini belirlemislerdir. Supabin
tabla bolgesinde maksimum sicakligi; 0,064 yakit-
hava oraninda, 179 pound/ing’ BMEP degerinde ve
2000 rpm motor devrinde, 1337°F (725°C) olarak
gozlemlemiglerdir.

Sekil 4. Termokuplin supap igerisine yerlesimi [4]

Tanaka ve Kawata, egzoz supap sicaklik
dagilmmm  6lgmek  i¢in  termografik  kamera
kullanimina dayanan bir metot sunmuglardir [5].
Sekil 5, bahsedilen termografik kamerali sistemi
gostermektedir. Bir supabi goézlemlemek i¢in egzoz
manifolduna acilan bir delik ile bir adaptor
takilmigtir. Adaptore bagli olarak, bir optik pencere
ve bir sogutma {initesi vardir. Supabin termal
gorlintiisii ise cihazin Oniine yerlestirilen termograf
kamerasiyla tespit edilmigtir. Sogutma sivisiyla
doldurulmus sogutma initesi, optik pencereyi sicak
egzoz gazi nedeniyle asirt 1sinmaya karst korumak
i¢in kullanilmigtir. Termografik kamera yontemiyle
her ne kadar supabin tamaminin termal goriintiisii
yakalanamasa da, supap iizerindeki en sicak nokta
olan supap boynunun sicakligim incelemek miimkiin
olmustur. 6 silindirli, 3.5 litre hacimli, 11.8 sikigtirma
oranina sahip, benzinli bir igten yanmali arag
motorunda  yiiriittiikleri  testlerde, 6400 motor
devrinde kararli hale ulasildiginda egzoz supabi
lizerinde Olgtiikkleri maksimum sicaklik 741°C
olmustur.

Optik
Pencere

22"
Termografik
Kamera

Adaptor

Conta

Egzoz Manifoldu
Egzoz Supabi

Sekil 5. Termografik kamerali 6lgiim sistemi [5]
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MATERYAL VE METOT

Motor testleri gergeklestirmek iizere kurulmus
olan bir motor test odasinda, termal testlerin
gerceklestirilmesi i¢in plan yapilmustir.

H

Sekil 6’ da motor test odasinin yerlesim
semas1 gosterilmektedir. Motor, saft aracilifiyla
dinamometreye  baghdir ve  dinamometreyi
dondiirmektedir. Test odasinin yakininda, motora
yakit beslemesini saglayan yakit deposu mevcuttur.
Motorda yakitin yakilmasini saglayacak hava igin,
gerekli kosullar1 saglayacak kosullandirma cihazi
mevcuttur. Giris havasi bu cihaz iizerinden gegerek
motora girmektedir. Diger yandan, motor ic¢inde
sogutma suyunun dolagmasma olanak taniyacak,
sogutma su devresi de motor test odasinda
distiniilmistiir. Bir soguk su pompasi, sogutma
kulesinde sogutulmus olan suyu basarak motora
gonderir, motordan ¢ikan 1sinmig su ise sogutma
kulesine yonlendirilir. Bunlarin disinda motorun asirt
isinmasint  engellemek {izere, direkt olarak motor
iizerine hava tiflemesi yapan bir fan da mevcuttur.
Test odasinin icindeki gerekli sicaklik ve nem
sartlar1  saglamak {iizere de test odasina
konumlandirilmis iklimlendirme cihazlar1 vardir.
Yanma sonu egzoz gazlarinin disariya atilmasini
saglayacak bir egzoz hattt bulunmaktadir. Ayrica
kontrol initesi sayesinde motorun ve diger
sistemlerin ¢aligma ayarlar1 yapilirken, ayn1 zamanda
sensorlerden gelen anlik veriler goriintiilenmekte ve
kaydedilmektedir.

Soguk Su

. AL A P
Egzoz Hatti Sogutma || . ompas

Kulesi

Deposu
Test Odasi
- =)
GirsHavas Fan TestMotoru | Saft  Dinamometre K-m.m!
Kosullandirma - Unitesi

Sekil 6. Motor test odasi

Bu test odasinda, ayni1 motor tipi lizerinde ve
aym test kosullarinda, iki farkli egzoz supap tipi
(mono-metalik ve sodyum Kkatkil) test edilerek,
bunlarin ~ ylizeyleri lizerinde olusan  sicaklik
dagilimlar1 karsilagtirilmistir. Testlerde kullanilan
icten yanmali dort zamanli motor tipinin teknik
ozellikleri Tablo 1’ de verilmistir.
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Tablo 1. Test motorunun teknik o6zellikleri

Silindir hacmi 1340
[ce]
Maksimum motor giicii 97
[kw]
Maksimum motor torku 290
[Nm]
Silindir sayis1 ve toplam 4
€gz0z supabi sayist

Egzoz supaplari hareketli parcalar
oldugundan, yiizeyleri iizerindeki sicaklik
dagilimlarin1  belirlemeye yonelik &zel bir test
prosediirii uygulanmistir. Oncelikle test motoruna
monte edilmek {izere, motorun geometrisine uygun
olarak hem mono-metalik hem de sodyum katkilt
prototip supaplar {tretilmigtir. Motor {izerine ilk
olarak mono-metalik supaplar monte edilmis ve
testler gergeklestirilmis; ardindan ayni motor iizerine
sodyum katkili supaplar monte edilmis ve testler
gerceklestirilmistir. Test prosediirii ise, motorda en
yiiksek egzoz gazi sicakliklarin olustugu maksimum
gic devrinde, motorun 90 dakika boyunca
(stabilizasyon ic¢in gerekli siire) test odasinda
calistirilmast seklindedir. Boylece supaplar igin en
zorlu c¢alisma kosullari olan en yiiksek egzoz gazi
sicakliklarina maruz kaldig1 durum test edilmistir.

Her iki supap tipi (mono-metalik ve sodyum
katkilr) tizerinde yapilan testlerin tamamlanmasinin
ardindan, test motorundan sokiilen supaplarin
iizerinde sicaklik dagilimlarinin belirlenebilmesi i¢in
gerekli olgiimler yapilmistir. Supaplarin {izerindeki
sicaklik dagilimlarinin belirlenmesindeki metot ise,
malzemelerin temperleme sicakligi- sertlik iliskisine
dayanmaktadir. Clnkii motora test Oncesinde
takilmadan Once martenzitik yapida olan prototip
supaplar, test boyunca (90 dakika) adeta bir
temperleme iglemine maruz kalmaktadir. Prototip
supaplarin  {iretilmesinde kullanilan malzemenin
temperleme sicakhigi- sertlik egrisi ise ilgili
malzemenin teknik katalogundan bilinmektedir. Bu
egri Sekil 7°de gosterilmistir.

Dolayisiyla testten ¢ikan prototip supaplar
tizerinde, Sekil 8’de gosterildigi gibi tim supap
yiizeyini tarayacak sekilde belirli araliklarla sertlik
6l¢limii yapilmis ve bdylece sertlik degerlerinin denk
geldigi temperleme sicakliklari tespit edilmistir.
Tespit edilen temperleme sicakliklari, termal testler
esnasinda yani motorun ¢aligmasi esnasinda supabin
o noktasinin ulastig1 sicaklik degeridir.

Bu sayede dort adet mono-metalik supabin
iizerindeki sicaklik dagilim ortalamasi ve dort adet
sodyum katkili supabin iizerindeki sicaklik dagilim
ortalamasi elde edilmistir. Bu sicaklik dagilimlarimin
karsilagtirmasi ise Sekil 9°da gosterilmistir.
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Supap Malzemesinin Temperleme Sicaklik Grafigi
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Sekil 7. Prototip supap malzemesinin temperleme
sicakligi — sertlik egrisi

Sekil 8. Prototip mono metalik ve prototip sodyum
katkili supaplar uzerindeki termal testler sonrasi
sertlik 6lcim noktalarinin gésterimi
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Sekil 9. Sodyum katkili ve mono-metalik supaplarin
termal testler sonucu elde edilen sicaklik
dagihmlarinin kargilastiriimasi

TARTISMA
Bu makale caligmas1 kapsaminda yapilan

termal testlerde elde edilen sonuglar ve bulgular su
sekilde Ozetlenebilir:
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. Mono-metalik supabin sicaklik dagilimi 460
°C ile 715 °C arasindadir. Sodyum katkili supabin
sicaklik dagilimi ise 490 °C ve 600 °C arasindadir.
Yani mono-metalik supaplarda minimum ve
maksimum  sicaklik araligr, sodyum katkili
supaplardakine gore daha fazladir. Sodyum Kkatkili
supaplar, supap boyunca daha dengeli bir sicaklik
dagilimi sunmaktadir.

« Iki supap tipi arasinda tabla ve boyun
bolgelerinde 100 — 120 °C sicaklik fark: 6l¢tilmiistiir.
(Mono-metalik supapta tabla ve boyun bolgesindeki
sicaklik daha yiiksektir). Bu durum supap tizerindeki
maksimum sicakliklarin, sodyum tipi supaplarda daha
diistik oldugunu kanitlamaktadir. Yani sodyum katkili
supaplar daha bagarili bir sogutma performansi
saglamaktadir.

. Sodyum  katkili  supaplarmm  sicaklik
dagilimlarinin supap boyunca daha dengeli olmasi ve
tabla bolgesinde olusan maksimum sicakliklarin bu
supap tipinde daha diisiik olmasi, sodyum Kkatkili
supaplarin motorun ¢aligmasi esnasinda daha diistik
termomekanik  yiliklere ve gerilmelere maruz
kalacagim gostermektedir. Bu sayede supabin hasar
olasilig1 diisecek ve daha uzun 6miirlii olacaktir.

Bu calismada elde edilen supap tablasi
sicaklik degerlerinin (sodyum katkili supap igin),
“Literatlir Taramas1” kisminda bahsedilen Wiist ve
Fischer’in ¢aligmasinda elde edilen supap tablasi
sicaklik degerleriyle (sodyum katkili supap i¢in)
karsilagtirmasi ise Tablo 2’de verilmistir. Supap
tablas1 bolgesinde iki ¢alisma arasinda olusan sicaklik
farkinin sebebinin, sicaklik dl¢iim metodundan degil
motor  performanslarinin farkli olmasindan
kaynaklandig1 disiiniilmektedir. Ciinkii daha yiiksek
performansa sahip motorlarda sicaklik seviyelerinin
daha yiiksek olmasi olduk¢a normaldir.

Tablo 2. Literaturdeki sonuglarin bu ¢alisma ile
karsilagtiriimasi

Wiist ve Bu Calisma
Fischer
Sicaklik leiim Anlik (.)-lg:u.m ) S"onradan .
(kiz1ldtesi | olgiim (sertlik
metodu . o
sensor ile) Olciimii ile
Supap tablasi o 550-600 °C
sicaklik degeri [°C] 685 °C
Silindir hacmi [cc] 2981 1340
Motor giicii [KW] 283 97
Motor torku [Nm] 450 220
Silindir sayis1 6 4
Bu caligmanin devami niteliginde

gerceklestirilebilecek su ¢aligmalarm  da  yararh
olacag diistiniilmektedir:

. Farkli motor spesifikasyonlar: i¢in benzer
calismalar yapilabilir. Motorda kullanilan yakit tipi

MAKINA TASARIM VE IMALAT DERGISI

ve sikistirma oranina bagh olarak egzoz gazlarinin
sicakliklarimin degisimi, motor hacmi, bir silindirde
kag tane egzoz supabi oldugu, egzoz gazlarimin debisi
gibi bircok parametre, elde edilecek sonuglar
iizerinde bir etkiye sahip olabilir.

e Sodyum malzemesinin yerine alternatif
farkli malzeme veya malzeme karisimlart kullanarak
daha 1yi bir 1s1 transferi saglayarak, egzoz
supaplarinin daha iyi sogutulup, egzoz supaplari
tizerinde oOzellikle tabla bolgesinde daha diisiik
sicakliklar elde edilip, supabin dayanimmin ve
kullanim Omriiniin arttirllmasina yonelik ¢aligmalar
yapilabilir.

COMPARISON OF THE TEMPERATURE
DISTRIBUTION OF SODIUM FILLED AND MONO
METALLIC EXHAUST VALVES

Exhaust valves are extremely important parts
that are subjected to high mechanical and thermal
loads and high cycle fatigue during engine life. The
ever-stricter emission norms lead to higher
combustion temperatures and pressures. One of the
parts to be exposed to increased combustion
temperatures and pressures is the exhaust valves.
Therefore, it is aimed to transfer the heat from the
valves more easily, to improve the temperature
distribution on the valves and to reduce the loads that
the valves are exposed to. In this paper, thermal tests
were performed separately with sodium-filled and
mono-metallic exhaust valves, their results were
compared and it was measured that the temperature
of sodium-filled valves’ head and throat are lower
than the mono- metallic valves’ head and throat by
100-120 °C.

Keywords: Exhaust Valve, Thermal Test, Internal
Combustion Engine, Sodium-Filled  Valve,
Temperature Measurement
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Investigation of Bio-materials
Used in Knee Implant

Knee joint is formed one of the most serious parts of his body for
human beings throughout history. An increase in young people, traffic
accidents, walking, running, and other similar movements have led to
increased proliferation of the knee orthopedic disorders. Rapid growth
and diversification of knee diseases as well an accurate recognition of
this region has created a need for treatment. Human knee in case of
encountered pain, functional limitation and wear, in total knee
arthroplasty due to knee replacement surgery performed on the initiative
of medically normal and comfortable walking recovered.

In our country is like all over the world, degradation of the knee
joint against deficiencies that adversely affect the daily life applications
are made with increasing frequency. With the advancement of
technological development, researches on this area have been continuing
today as a result of producing implants more suitable for bone structure
and connective tissue.

Anahtar Kelimeler: Knee Arthroplasty, Prosthesis, Implants,
Biomechanics

1. INTRODUCTION

A knee joint is a joint that we use the most to
maintain our daily lives and that is open to
degenerative changes and also has very important
functions. The knee joint, which is the largest joint in
the human body, has been one of the most important
parts of the human body throughout history [1].

Especially in the last century, the increase and
diversification of sports activities have increased
knee traumas. In falls, the knees are usually the first
to touch the ground. The knee joint is the joint most
frequently damaged by trauma in people sitting in
passenger cars. The increase in the young population,
traffic accidents, frequent participation of women in
sports activities, and the increase in walking, running
and similar movements have led to an increase in
orthopedic disorders in the knee [2].

243,919 primary total knee arthroplasties were
performed in the United States in 1995 [3]. The
annual number of total knee arthroplasty performed
in the United States is expected to double by 2030,
reaching an estimated 454,000 procedures. Also,
19,138 revision total knee arthroplasties were
performed in the United States in 1995 [4]. Using
hospital discharge data in Ontario from 1989 to 1994,
Coyte estimated an annual increase of 14.1% for
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primary total knee arthroplasty and 19.3% for
revision total knee arthroplasty [5].

The rapid increase and diversification of knee
diseases has necessitated the need to know this region
very well for a correct treatment. This can be
achieved through anatomy. The anatomy examines
not only macroscopic of the knee joint, but also its
biomechanics, function, cross-section and many more
aspects.

In cases of pain, wear and limitation of
function in the human knee, mechanical limitation is
relieved with the implants used with the surgical
intervention of total knee arthroplasty and gait is
made medically normal and comfortable [6].

Orthopedic implants are divided into two
types as permanent and temporary. Permanent
implants are designed for damaged joints. The
duration of use is as long as the remaining life of the
patients after the implant. Temporary implants are
generally used for fracture fixation. Their job is to
build a bridge between the broken bones until full
union is achieved. The service period is usually up to
several months.
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The prostheses currently used are mostly of
western origin and designed according to the needs of
this society. However, the knee joint produced for
today's Turkish people has some differences
compared to the western people. In our country, knee
sections suitable for prosthesis are being tried to be
made. However, it is necessary to choose a prosthesis
compatible with the knee. As a result, the durability
of the implant and the longevity of the implant
decrease, and thus the desired success rate in TKA
(total knee arthroplasty) decreases by almost %50.
Between 37% and 55% of patients who underwent
TKA surgery reported that there was no significant
functional improvement even 6 months after surgery,
and 50% reported that they were not satisfied with
the results [7]. Total knee arthroplasty applications in
our country started in 1987 [8].

The most needed types of prostheses in the
world today are knee prostheses and hip prostheses.
[9]. Particularly orthopedically, the places where
human movements are most affected are the body
parts that encounter stress concentration. It is to
consider the reproducibility and repair conditions by
creating custom designs for high precision design
criteria. For this, studies should be carried out by
determining the criteria that take into account the
orthopedic material design and material production
that ensure possible long-term use.

Arthroplasty attempts aimed at regulating the
function of the knee joint started in the 19th century,
and in the last 20 years, a successful point has been
reached with the understanding of the anatomical and
biomechanical properties of the knee joint. Studies on
knee surface replacement have a history of 130 years
[10].

In order to gain a functional knee, first Barton
in 1827 and Rodgers in 1840 tried to bring motion to
the knee joint. In 1863, Verneuil proposed the first
application of "interposition arthroplasty" by placing
a joint capsule between the two resected surfaces of
the joint. Due to infections in this period, this study
was performed on developed knees and was
unsuccessful [11].

Waldius produced hinged type prosthesis in
1950 that can replace both knee joint surfaces. In
addition, these prostheses contain an intramedullary
handle. In later times, he dealt with works like
Guepar and Shiers. This type of prosthesis has been
used in patients with deformities and severe joint
disorders. Afterwards, it was observed that it caused
limitation of movement and created inadequacy [12].

In the 1960s, Mclintosh used two basic

systems in knee arthroplasty. These are the non-
mechanically  assisted  (non-limiting)  “surface
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replacement” arthroplasties of which it is the
predecessor. Afterwards, Waldius, Shiers and Guepar
applied the fully mechanical supported (full limiter)
"hinge type" they developed. Shiers and Gunston
took the foundations laid by Mecintosh one step
further and ushered in the modern era of knee
arthroplasty in 1971 [13].

Gunston applied the first cemented knee
"surface arthroplasty" by adapting Charnley's
experience from low-friction total hip arthroplasty to
Mclntosh's design. In Gunston's thesis, the movement
in the knee joint is not on a single axis; it is revealed
that it takes place on variable rotation centers over
time. In this design, Gunston aimed to identify metal
components by applying bone cement and to
minimize  friction by placing high-density
polyethylene between these components. Gunston
and Freeman-Swanson developed total knee
prostheses related to the use of titanium alloys and
the use of metal insoles. They also contributed
significantly to prosthesis design and surgical
technique [14].

The modern era in knee arthroplasty began in
1971. In 1972, coventry produced a geometric
prosthesis in which the cruciate ligament in both
knees was preserved, based on the biomechanical
principles of the knee joint. Freeman then produced
an I.C.L.H (Imperial Collage/London Hospital) type
prosthesis that was used partially cementless.
Subsequently, press-fit and cementless TKA
prostheses were developed. Freeman, Swanson and
Samuelson have developed prostheses that are known
by their own names by eliminating the deficiencies in
I.C.L.H type prostheses. These prostheses have
recently found widespread use [15].

In the golden age of TKA history, in the early
1980s, Hungerford et al. developed the precision
instrumentation system. This system aims to
minimize errors. With alloys such as ceramic,
chromium-cobalt mixture and titanium to overcome
wear problems in prostheses; they have developed
prosthetic types in which UHMWPE (Ultra height
molecular weight polyethylene) components are used
together. In parallel with the new developments that
emerged with the use of these new types of prosthetic
materials, the distances covered by prosthesis designs
as a result of clinical trials have led to the production
of today's modern prostheses in which all three parts
of the knee are replaced in arthroplasty [16].

By the 2000s, TKA has now found a wide
range of applications as total hip prostheses. Prof. Dr.
Orhan Aslanoglu implemented the first hinged type
total knee prosthesis application in our country.
Hinge type total knee prosthesis was applied to a
patient with rheumatoid arthritis at Ege University.
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Total knee replacement now has a widespread
application area all over the world and has achieved
high success rates [17].

2. MECHANICAL AND BIOLOGICAL STRUCTURE
OF THE KNEE JOINT

2.1. Anatomical Planes and Axes

The standing position with the heels together,
head and shoulders upright, face and palms forward,
arms at the sides, eyes facing forward is called the
anatomical position. The human posture seen in
Figure 1 is called anatomical posture and all plane
and axis definitions are made according to this
posture [18].
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Figure 1. Anatomical planes and axis [18]

The parts and movements of the human body
are studied and described in three axes and planes in
space. Anatomical planes; consists of sagittal plane,
transverse plane (horizontal) and frontal (coronal)
planes. The plane perpendicular to the ground
running from front to back and from top to bottom is
the sagittal plane. It divides the body into two parts,
right and left. If this plane crosses the midline and
divides the body into two equal parts, it is called the
midsagittal plane. The plane running parallel to the
ground is defined by the transverse (horizontal)
plane. The frontal (coronal) plane is the plane that
runs perpendicular to the ground from right to left
and from top to bottom. According to these planes,
external for the part close to the body surface,
internal for the deep part, intermediatus for the
middle and extremities (represents the part of the
body outside the head and trunk, that is, the arms and
legs), proximal for the part close to the body, distal
for the far part The terms medial for the inner side
and lateral for the outer side are used [19].
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2.2. Knee Joint and Biomechanics

The knee joint, which is the biggest joint in
our body, is a type of ginglimus, that is, a hinge type
joint. The knee joint has the widest range of mation
in the body in terms of range of motion. The major
task of the knee joint is to carry the weight of our
body and to provide walking shown in Figure 2 [20].

During the daily activities of human beings, an
average of 4 MPa stretching occurs in bones and
approximately 40-80 MPa tension in tendons. While
a healthy knee carries a load of 2 to 5 times the body
weight during walking, this load can be up to 8 times
the weight during running. The amount of load on the
human knee during walking is between 1300-3500 N
(Newton) shown in Figure 3 [21].

X .
R

Flexion-Extension Adduction-Abduction  Intemal-External Rotation

Figure 2. Joint movements of the knee in three planes
[20]

We can list the movements of the knee joint as
follows:
» In the sagittal plane----- extension — flexion
> In the transverse plane---- external rotation -
internal rotation
> In the coronal plane-----abduction-adduction

Figure 3. Flexion and rotation of the knee [21]

The average range of motion of the knee joint
is between 0-140°. However, not all of this range of
motion is used for everyday activities. It may vary
according to the phase of walking. When the human
knee is upright on the feet, the knee joints support the
body above the knees. This event accounts for 86%
of the total body weight on average. If a person
stands on one leg; a load of 93% of the body weight
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is placed on the knee joint. The plane in which the
knee joint performs internal-external rotations is the
transverse plane. While there is no sliding motion in
the first 20° of flexion, sliding motion is added to the
rolling motion after 20°. During this sliding and
rolling motion, the contact point slides back
approximately 14 mm until it reaches 90° of flexion.

2.3. The Bone Structure of the Knee
The knee joint consists of three bones namely

the femur, patella (knee cap) and tibia shown in
Figure 4 [22].

& \ The Kuee Joint
§ \ (lateral view)

Patella

Fibula Tibia

|

Figure 4. Bone structure in the knee joint [22]

1) FEMUR: It is the thickest and longest bone
type in our body. In the anatomical position, the
orientation of the femur bone is from bottom to top
and from outside to inside. The femoral bone is the
strongest and longest bone in the body, narrowing in
the middle, expanding upwards and downwards, thus
consisting of a long body with proximal and distal
ends. The anterior surface is flat and convex in all
directions.

2) TIBIA: It is located on the anterior inner
side of the leg skeleton. The upper end of the bone is
thick. It consists of two condyles (condyle medialis,
condyle lateralis) projecting posteriorly and laterally.
The tibia is the main body weight bearing bone and is
on the anterior-inner side of the leg. It is the second
largest bone in our skeleton.

3) FIBULA: It is a long and thin bone located
on the outside and back of the leg. It is very thin
compared to the tibia and has slipped a little lower.

4) PATELLA: The kneecap bone is the
biggest sesamoid bone of the human body. It is a flat
triangular bone in front of the knee joint.

Patella is the joint with the widest range of
motion in the human body. This is ensured by joint
stability and ligament integrity. In other words, it is
provided by cruciate ligaments, internal-external
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lateral ligaments and surrounding muscle tissue.
While the bone structure of the knee provides
dynamic stability in muscles and tendons; the
meniscus, capsule and ligaments provide static
stability in the knee joint. This structure of the knee
joint allows six different types of freedom of
movement.

The cruciate ligaments are of great importance
in the functional anatomy of the knee. Bone is a
connective tissue that connects certain structural
elements of the body. In addition, bone is a
composite material consisting of many solid and
liquid phases in the mechanical field. It consists of an
organic mineral matrix of bone fibers and cells with a
substrate surrounded by collagen (insoluble protein)
fibers. In addition, inorganic substances such as
mineral salts are also present in the bone. The organic
component of the bone provides healing and
flexibility, the inorganic component makes the bone
hard and solid. The components of bone vary
according to the type of bone tissue, type of bone,
seX, age, species, and presence of bone disease.

The mechanical behavior of the bone depends
on the magnitude of the applied load, the speed of
application and the direction of application.
Compressive strength of bone is much higher than
tensile strength. Bone has the property of a
viscoelastic (time dependent) material. Bone has a
harder and stronger structure at high elongation rates.
Since there are so many variables that determine the
components of human bone, the modulus of elasticity
ranges from 17 to 24 GPa.

2.4. The Prosthesis and Implants

Although the knee joint is actually a hinge
joint that allows flexion and extension. It is a
polycentric (multiaxial) joint in terms of the function
of rotation, sliding and swinging movements. The
knee joint is known as one of the most complex joints
in the entire body. The knee joint has become more
exposed over time, allowing for the production of
different prosthesis designs. An ideal prosthesis
should provide anatomical integrity and allow normal
range of motion by providing knee kinematics but
should not alter joint stability.

Today, one of the most vital issues with
prosthetics is loosening. As a result, independent
components have been designed and friction between
the designed components has been minimized.

Historical development of knee implants, from
the late 1960s to the late 1970s, approximately 10
anatomical and 13 functional models were developed
in Figure 5 [23].
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Figure 5. Implant development stages [23]

Implants and biomedical prosthetic devices
are artificial devices that are used in biological
systems and are intended to function as the original
part. These artificial devices are made of metal,
ceramic and polymer materials or combinations of
these. Metals are primarily used in the human body
for orthopedic purposes as surgical implants. These
implant materials must meet chemical, biological and
mechanical properties in order to fulfill the desired
task.

A. Chemical resistance: It is the resistance of
the biomaterial to corrosion.

B. Biocompatibility: It is the effect of the
biomaterial on the body.

C. Mechanical compatibility: It is related to
the material from which the prosthesis is
manufactured. In addition, mechanical properties are
measured by shear, uniaxial tensile and uniaxial
compression tests.

A successful knee joint implant should not
restrict mobility. The knee joint also includes the
compatibility of the implant with the host tissue and
removal of the implant with low wear rate and low
friction torque as shown in Figure 6. Knee implants
have many problems such as infection and loosening
due to the area where they are placed as shown in
Figure 7 [24].

Figure 6. Knee implant [24]

26 / Cilt 22, Sayi 1, Mayis 2024

Figure 7. Knee radiography with total knee
prosthesis [24]

2.5. Bio-Materials, Properties and Used in
Making Implants

Implants are given the desired shapes without
deteriorating their mechanical properties. Implants
should not corrode in body fluids. Bio-materials
should not poison the patient; therefore, they should
not contain toxic substances. It should be easily
purified from germs with pressurized steam and
radiation. Implant material due to fatigue caused by
loads should not break. To keep stresses within safe
limits, strength and fatigue properties should be used
together with the shape of the implant where stress
concentrations cannot be avoided. This means that
implants should be made of materials that can be
replaced if damage occurs. Materials with which the
body reacts may also make it difficult for the surgeon
to remove the implant from its location.

Bio-materials must be placed in the tissue,
taking into account the body's natural tendency, the
immune system. It is not the right method to do this
by removing the body's defense (immune system). It
is most reasonable not to render the implant invisible
by the body's chemical receptors. This is very
difficult to do as materials such as nylon and
polyethylene can be easily recognized as "foreign" in
the body was given in Table 1. The nylon is more
prone to degradation by cells of the immune system
than polyethylene [25].

Metals are the main group of materials used in
the healing of fractures due to their superior
properties in their strength and ductility. According to
Venable, Stuck, and Beach's 1937 report, metals
generate electrical potential when deposited in the
saline environment of soft tissue; this leads to local
tissue death, corrosion of the metal and ultimately
loosening of the implants.

All metals and their alloys corrode in a salty
environment. This corrosion is greatly enhanced by
fretting wear from movement between metal
components (plates or nails and screws). Most knee
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implants are passivized for corrosion resistance. To
minimize the effect of corrosion, the use of dissimilar
materials should be avoided, and care should be taken
not to scratch the implant during placement.

Table 1. Natural and synthetic materials used in
implants and devices [25]

FIELD OF

APPLICATION MATERIAL TYPE
Skeletal System Titanium,

Joints Titanium-Aluminum

Atrtificial tendons

Teflon, poly (ethylene

and ligaments terephthalate)
Poly(methyl

Bone filler methacrylate)
(PMMA)

Thin metal sheets used to
fix broken bone ends

Stainless steel, cobalt-
chromium alloys

Deformities in the bone Hydroxyapatite

Dental implants Titanium,
alumina, calcium
Poly(ethylene

Cardiovascular System

terephthalate), Teflon

Heart valves

Stainless steel, carbon

Blood vessel prosthesis

polyurethane

Catheters

Silicone rubber,
Teflon, polyurethane

Sense Organs
In the inner ear cannel

Platinum electrodes

Organs
Artificial heart

Polyurethane

Corneal bandage

Collagen, hydrogels

Contact lenses

Silicon-acrylate,

hydrogels

PMMA,Silicone

Intraocular lenses rubber, hydrogel

Most knee implants today are commercial
grade titanium (Ti and oxygen). Titanium is a metal
with high resistance to corrosion, biological
compatible and non-magnetic. Titanium alloys are
more durable and 60% lighter than steel.Even though,
titanium has the strong anti corrosion properties, it
can cause inflammation and biofilm occurrence
corresponding to application inside the body.

2.6. Polymeric Composites

The modulus of elasticity of metals and
ceramics is 10-20 times greater than the modulus of
elasticity of hard tissues of the human body. The
incompatibility of the modulus of elasticity of the
bone with the modulus of elasticity of the metal or
ceramic implant is one of the most serious problems
faced by orthopedic surgery. Sharing the amount of
load on the bone and the implant is related to the
durability of the implant materials. Adapting the
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implant material so that its durability is the same in
the tissues to which it is attached prevents
deformations that may occur in the bone. This
phenomenon is called the concept of stress shielding
(SS). Stress shielding is known as the decrease in the
strength of the bone in the areas where the bone
comes into contact with the prosthesis. Because of
this most knee implants today are manufactured from
316L stainless steel, Ti-6Al-4V alloy, or commercial
grade titanium (Ti and oxygen).

As an alternative, fiber-reinforced polymeric
materials, namely polymeric composites, have started
to take place widely today in order to eliminate all
these problems mentioned above. Polymeric
composites can also be used as soft tissue implants in
dentistry applications and orthopedics.

2.7. Polymeric Composites Knee Model and
Custom Knee Prosthesis

The most important basic features of
personalized knee prostheses are the shape and size
characteristics that change depending on the age and
gender of the patients. Considering that not all people
have the same biological structure (height, weight,
etc.), this result is quite natural. As a result of this
diversity, the criterion in the selection of the
prosthesis to be applied is to find the most suitable
one among the standard prostheses.

Before the personalized knee prosthesis
treatment, the femur, tibia and patella bone joints are
examined with the images obtained by CT
(Computerized Tomography) of the patient's knee
joint. After this examination, the minimum amount of
bone to be removed is determined. . Since the
personalized knee prosthesis is mounted on the
patient's knee joint and will remain inside the body,
the material must be selected carefully. The knee
prosthesis must be compatible with the area where it
will be used. In addition, it must also have the
characteristics and capacity to fulfill the duties of the
place where it is located. For this purpose, various
types of composite materials have been used in knee
prosthesis.

A new hybrid knee implant has been
developed that combines a polymer composite
(CF/PA12) with an existing commercial implant
system made of stainless steel. This hybrid implant
reduces bone loss and stress shielding by transferring
much more load to the femur compared to
conventional metallic implants. Thanks to the
compatibility of the carbon fiber material reinforced
with polyamide 12 to the spongy structure of the
bone, the load on the metal alloy component is
prevented from being absorbed by the metal
component and transferred to the bone. Thus, the

Cilt 22, Sayi 1, Mayis 2024 / 27



deterioration of the bone by taking normal loads is
prevented. Another feature of CF/PA-12 is that it
shows better biologicalcompatibility than titanium
alloy materials.

In addition, the life of CF/PA-12 for fatigue
loads, which are very effective under normal life
conditions, has been proven to be much better in
studies shown in Figure 8. With this result, the hybrid
implant has been found to provide significantly better
osseoinduction and longer implant life than
conventional metallic implants. [26].

"

Figure 8. Hybrid femur component with CF/PA-12
inner surface [26]

Improvements that can be made in
personalized prostheses can be listed as follows:

» Contact surfaces can be increased in order to
reduce the stress values.

> Stress concentrations in sharp corners can be
reduced by preparing circular transitional
surfaces.

» The properties of bone structures (spongy
and cortical) can be determined by cadaver
studies and more precise results can be
obtained.

> After the appropriate model is created, it
may be possible to make a personalized
implant.

3. DISCUSSION AND CONCLUSION

Estimated life expectancy for human beings is
increasing day by day. In addition, the number of
people in the older age group is increasing. As a
result of the contribution of technology to modern
life, the need for people to perform their daily
activities without pain has arisen. Therefore, it is
inevitable that they want to perform their physical
activities without pain. This should only be achieved
by providing sufficient range of motion in the knee
joint without pain. The fact that the knee joint is in a
mobile structure causes it to be exposed to the most
wear over time as age progresses. Therefore, joint
arthroplasty emerges as a solution for the treatment of
knee joint damage in diseases that increase with joint
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degeneration, which is frequently encountered in
advanced ages.

The parts referred to as orthopedic implants,
developed to prevent the loss of mechanical
properties of the human body, are manufactured from
materials that are as biocompatible with the body as
possible, even if they are foreign bodies to the
organism.

The human body; it is seen that various
implant types and functions such as plates, nails,
screws, joints used in various parts of the shoulder,
spine, hip, knee, ankle, and their functions are
increasing day by day. Total knee arthroplasty is one
of the most frequently used methods and it is applied
to regain the functions of the worn knee joint; it is a
surgical intervention in which an artificial knee joint
is inserted. Prosthesis designs and operative
techniques are undergoing many changes with
technological developments.

In the literature, basic criteria such as
mechanical strength, fatigue life and most
importantly biocompatibility should be considered in
order to produce suitable prostheses. In order to
design and develop orthopedic implants, vital and
important criteria such as biocompatibility, elasticity
close to bone elasticity, simple connectivity to bone
tissue, susceptibility to specific design, corrosion
resistance, lightness and cost should be considered.

Providing these basic criteria can be achieved
with an excellent material choice. Along with
experimental tests in the field of tissue engineering
and materials engineering, rapid advances and
positive developments in laboratory studies will also
contribute to this process. However, if the right
design factors are not formed, unexpected damage
can be caused. For this reason, there is a need for an
optimum design that will not impair the use of the
structural properties of the material.

The following factors should be taken into
account when designing implants:

R/
0.0

Properties of implant material

General anatomy and deviations

Effect of bone on implant

Local bone amount

Dynamic strain and weight bearing
conditions

Physiological and biomechanical conditions
Local healing rates in bones

Adequate space at the fracture site

Variety of fracture types

Surgical technique

Possible complications
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While 243.919 total knee prostheses were
made in 1995 in the developed country of the world,
USA, it is predicted that this number will be around
454,000 in 2030. As a natural consequence of this,
the number of knee replacement complications has
increased, and the number of knee replacement
revisions has increased accordingly. Again, in the
USA, the number of knee arthroplasty has increased
by 14.1% in the last 5 years. In addition, the number
of revision knee arthroplasty increased by 19.3%.

In the Biomechanics Meeting held by the
European Union in 1990, 250,000 femoral head
implants are used in a year in Europe and 500,000 in
a year in the world. In Turkey, according to unofficial
statistics, the use of femoral head implants reaches
20,000 in a year.

While the total market for orthopedic implants
in the United States was $2,098 million in 1991, it is
reported that by 1998, 11 million Americans (5.1% of
the total population) had at least one implant in each.
The use of implants is not only in the knee joint, but
also in areas other than orthopedics. It is also used in
maxillofacial surgery, screws, skull plates and
cardiovascular surgery.

The rapid development of technology,
accordingly, the widespread use of composite
materials in knee implants and ensuring their long-
term use, making patient-specific designs, being
renewable, that is, considering reproducibility or
repair conditions, are the criteria to be considered in
the design and production of orthopedic materials
allows research to continue [27].
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1. INTRODUCTION

Design and Manufacturing of a
Pin on Disk Tribometer

This paper presents the design and manufacturing of a pin on
disk tribometer aimed at performing friction and wear testing as
accurate as a professional tribometer at a lower cost. Since friction
is an important part of our lives and its application varies greatly in
size, environment and other factors, testing can be expensive.
Tribometers are instruments where these conditions can be simulated
experimentally. They are manufactured by various companies
abroad and are imported to Turkey. For this reason, the cost of these
instruments is very high. The design of the manufactured tribometer
prioritizes portability and low cost of manufacturing. The
manufacturing process of the various parts are discussed in detail.
The tribometer was manufactured in the ATILIM University
manufacturing laboratories within a tight budget using CNC
machining. The instrument has the full capability to adjust the load,
testing radius, motor speed, and the duration of the test before
starting the experiments. To handle the electronics and data
gathering within the instrument, Arduino boards and software are
utilized. Real-time data streaming is made possible for data analysis
tasks both during and after the experiments. The paper also provides
the results of experiments that are obtained from the newly
developed tribometer and comparisons with a mass produced,
professional tribometer. The experiments are conducted with the
same type of samples and with the same parameters. The
manufactured tribometer provides researchers with easily accessible
friction data that is within close range to what they would get from a
professional tribometer.

Keywords: Tribometer Design, Manufacturing, Tribological
Test, Coefficient of Friction Measurement, Surface Characterization

used in research, mainly being pin-on-disk, sk,
oscillating, and four-ball.

Tribology is the science behind friction, wear,

and lubrication. Tribological tests are very important

The tribometer has been used in many

to observe the results of two surfaces interacting at
many different variables like speed, temperature,
time, and the presence of lubrication. The duration of
the tribological experiments is a critical factor that
affects the accuracy of the results. Longer test times
can provide more accurate friction -coefficient
calculations, but the optimal test duration depends on
the specific application. The test duration can usually
be determined by time, laps taken during tests, or the
amount of travel in meters.

Instruments used for tribological tests are
tribometers. Different kinds of tribometers have been
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different fields of research. In 2016, researchers
proposed the design of a completely computer-
controlled pin-on-disk type tribometer that measures
the coefficient of friction by utilizing a three-axis
piezoelectric force sensor. The performance of the
proposed tribometer is demonstrated with a case
study that includes the measurement of friction and
wear of a dry clutch [1].

In 2020, a tribometer was used in analysing

dental composite materials [2]. An artificial oral
environment has been created on a pin-on-disk
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tribometer by using artificial saliva and adjusting the
force, temperature, and speed accordingly.

There are some custom-built tribometers in
universities as well. In 2021, a pin-on-disk tribometer
was built at Sdo Paulo State University [3]. The
tribometer was used to measure the friction
coefficient of different surfaces such as mild steel,
60-40 brass, and ferritic stainless steel. The
instrument also utilizes Arduino boards for the
electronic circuitry and data gathering. Some more
detailed examples are further discussed.

A multi-function tribometer was designed at
the University of Michigan in 2010. This tribometer
was expected to perform the standard pin-on-disk,
linear reciprocating test, and follow a custom 2D path
for wear testing. For the linear reciprocating testing a
DC servo motor was chosen and for the pin-on-disk
test a DC stepper motor was chosen. An Arduino
electronic interface was picked for use in the
electrical components. The data collection and
storage for this tribometer were done by utilizing a
LabVIEW program [4].

In 2012, a custom tribometer was built with a
different normal force application system. In this
article, the rotation speed and the normal force are
controlled with servo motors. A leaf suspension
system is used in the application of the normal force
to make sure the vertical axis stays stable during
testing. The loading of the vertical axis was tested
with and without the suspension system and the
improvements of the suspension system were
confirmed. After the implementation of the leaf
suspension to the system, several experiments have
been conducted to verify the effectiveness of the
system [5].

In 2014, a tribometer was proposed to be used
in research for blast furnaces off-dust. The tribometer
was modified to simulate a blast furnace. The friction
between the pellets and the wall/pellet friction was
measured. This refinement significantly facilitated
experimentation within a controlled laboratory setting

[6].

A tribometer was developed to perform pin-
on-disk and linear reciprocating tests at Y1ldiz Teknik
University. An additional feature of this tribometer
was that the temperature was supposed to be a
controllable variable as well. This tribometer used
load cells and thermocouples as sensors. The heating
of the pin was done by an infrared lamp and the
rotation in the system was provided by an AC servo
motor [7].

In 2017, a professionally made tribometer was
used to analyse the friction in a metal forming
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process. The forming process was analysed by FEM
to adjust the test for the tribometer. After that, testing
with different surface enlargement, contact pressure,
and temperature was done. To check if the
adjustment was made correctly, the microstructures
were compared with the actual samples from real
applications. In conclusion, the lubricant used made
the temperature the most important variable. The
coefficient of friction was found to be higher in lower
temperatures because the lubricant was more viscous
at lower temperatures and less viscous at higher
temperatures [8].

In 2018, a pin-on-disk tribometer was used in
a paper that analysed hip implant materials.
According to previous data, a large amount of hip
implant surgeries result in reoperation. To combat
this problem, researchers have been trying different
methods to improve longevity of the materials. One
of the ways to improve longevity is to manufacture
spherical micro-texture features on the surface. In this
article, friction and wear testing is done to observe
the difference in longevity between normal materials
and microtextured materials [9].

In an article written by Chen et al, a tribometer
was built to investigate the bushing wear in aircraft
engines. To simulate the conditions of the bushings in
aircraft engines, a reciprocating tribometer with
temperature control was designed. Validation tests
were done to confirm the data acquisition system and
fixtures were acting as expected. After confirmation
that the tribometer was working as intended, high-
temperature testing was done on three different
polyamide bushing materials and the results from
these tests showed that SP2515 was the most suitable
material [10].

In 2023, an open-source pin-on-disk
tribometer was made. A stepper motor was used for
rotation of the disk, a force sensor was used for data
collection and a unique graphical user interface was
developed. All the progress was documented in detail
to keep in line with the project being open-sourced.
To confirm that the tribometer worked as intended
testing was compared to literature data and the results
were satisfactory [11].

A tribometer that was patented in 2017 is a
pin-on-disk tribometer with on board wear testing.
The force control is done by a pneumatic cylinder
and the motor selected is a servo motor for precise
velocity control. As the test is running, a laser
displacement measurement apparatus is used to
reflect the laser from a sample to measure the
displacement of the test specimen [12].

Another tribometer was patented to solve
unwanted motions and factors that can reduce the
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accuracy of tribological measurements. The inventor
claims that the instrument can accurately measure
displacement while eliminating the waving motion on
the disk, the thermal expansion of the device, and
other factors that can badly affect the accuracy of the
measurements. The patent focuses on solving some of
the issues related to wear measuring with
displacement sensors mounted at the base of the
rotating part and removing the specimen and
weighing it to get the wear data. The inventor claims
that these methods are not reliable enough. This
patent is about the solution to this problem and to
solve this issue, the displacement sensor is mounted
on the pin [13].

The manufactured tribometer in this paper
utilizes the pin-on-disk method. A tribometer that is
portable, light, and competitive in terms of price is
designed and manufactured. It also uses software that
allows researchers to get real-time coefficient of
friction data that can be processed both during and
after the test is done. During the test, a real time
coefficient of friction time graph can be drawn and
mean, minimum, and maximum values can be
obtained. The tribometer that is proposed ultimately
aims to provide researchers with a portable and price-
competitive instrument for tribological tests while
allowing them to access the most accurate data
possible to output with minimal effort. There are few
pin-on-disk tribometers in the literature that are truly
portable. A benefit of the tribometer being portable is
that it can be used in school/industry projects where
people can use it by carrying it around in between
tests. As the tribometer allows real-time data
streaming, it also makes it possible to run data
science projects on it as well. Students and
researchers can further customize the parameters to
conduct unique research. The developed prototype
uses the same pin-on-disk principles as the
professional tribometer taken as a reference. The
main differences are portability, low cost, and
capacity for future expansions. The manufactured
tribometer additionally offers an easy to use and
customizable interface thanks to the open-source
platform of Arduino while the reference tribometer
uses a proprietary software that has a certain learning
curve.

The motivation of this project includes,
designing and manufacturing of a new portable
tribometer at low cost to serve industry and
university. It can be expanded to conduct high
temperature friction tests by only adding a heater.
Software used does not require a license and is
available on most computers. In the current design, a
load cell is used instead of strain gauges to provide
more accurate data. The motivation of the project can
be summarized as to develop a low cost and a
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portable pin-on-disk tribometer which can be used in
educational/research environment.

2. DESIGN REQUIREMENTS

The manufactured tribometer can conduct
experiments with 6mm Alumina (Al,O3) or 100Cr6
steel balls integrated into the pin. Different external
loads can also be used with the tribometer. A
maximum of 10N and a minimum of 1N external
loads can be used. The verifications of the
manufactured loads are done using precise calibration
weights. Finally, the linear speed of the motor should
be a maximum of 1400 mm/s and the related design
calculations are done considering these requirements.
The table related to the design requirements of the
manufactured tribometer is given in Table 1.

Table 1. Design requirements

Specification Value
Alumina or Steel Ball Diameter [mm] 6
Normal Load [N] 1-10
Linear Speed [mm/s] 0-1400

The proposed instrument is designed to adhere
to the ASTM G99 and G115 standards. The main
points in G99 are that the motor needs to be able to
adjust the speed while being able to maintain a
constant one and the tolerance of the angle between
the specimen and the pin needs to be + 1° [14]. G115
generally talks about the test procedure and specimen
preparation [15].

3. DESIGN & DRAWINGS

Since one of the aims of the instrument is to
be light, the design is kept as small and portable as
possible. The overall design and the cross section
view of the pin-on-disk tribometer is shown in
Figures 1 and 2 respectively. The design includes the
upper part of the instrument where the main upper
arm, external load, substrate, counterweight, linear
bearing assembly, sample holder, and the leadscrew
are located. The upper part sits on top of the top
plate. The step motor is located in between the two
plates and a motor sleeve is specifically
manufactured to house it.

The upper arm is the most important piece in
the design and the technical drawings of the upper
arm can be seen in Figures 3, 4, and 5. This part is
designed to be lightweight and accommodate all
external parts attached to it. Since the loads involved
in the project are relatively small, weight reduction is
achieved by using aluminium 6061 material and a
hollow square profile. The assembly of this part also
posed some significance as well. However, the
movement of the part could create friction and affect
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the results. To counter this, the pin is fitted to the
upper arm and also to two of the ball bearings
mounted on the pin connection part.

Figure 1. Isometric view of the manufactured
tribometer

Alumina or steel
ball replacement
screw

Counterweight |
assembly

External load

Leadscrew
Pin and sample

Step motor |
Sample holder

Figure 2. Cross section view of the manufactured

tribometer
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Figure 3. Upper arm top technical drawing
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Figure 4. Upper arm side technical drawing
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Figure 5. Upper arm bottom technical drawing

The sliding plate is designed to control the
upper arm assembly’s position. The purpose of this
part is to be the connection for the upper arm
assembly and the linear bearings to control the test
radius. The design of this part is mainly affected by
material availability at the time. Aluminium 6061
material is selected to reduce weight and the part is
designed to be fitting with default linear bearings.
The technical drawing of the part can be seen in
Figure 6.

2x M5x0.8x27
|
8x M4x0.7x27\ 167 0,1
160,5 *0,1
136,5 0,1
115,5 0,1
6 0,1 l
15 0,1 -51,5 #0,1
-30,5 0,1
24 0,1 6,5 0,1

Figure 6. Sliding plate technical drawing

The third part featured is the plates. The plates
are designed to carry the whole assembly.
Calculations are done using Finite Element Method.
The plate thickness is determined to provide the
necessary stiffnes as 30mm and the material is
aluminium 6061 for both the upper and lower plates.
All of the mounting holes for the other components
that are bolted or fitted on the plate are manually
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measured and integrated into the design. The
technical drawing of the lower plate can be seen in
Figure 7.
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Figure 7. Lower plate technical drawing

Finally, the rotating part is designed to transfer
the rotation from the step motor to the specimen
holder. This part is also made longer than required to
leave space for a temperature control system to be
integrated in the future if desired. Since this part is
under load during testing, stainless 304 steel is picked
as the material of choice to assure structural integrity.
The part can be seen in Figure 8.
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Figure 8. Rotating part technical drawing
4. DESIGN CALCULATIONS
4.1 Power calculation
Calculations according to a maximum of 1400 mm/s

linear speed are done and the minimum power
required for the motor selection is found.

w = 93.333 rod /s (1)
I =fxr = 10x15 = 015 N-m (2)
P=Txw= 015293333 = 14 W €))
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mm/fstorpm = (14 x60) /(2 xmx 0013) =
891.267 rpm
(4)

In equation (1), w represents angular velocity which
is measured in radians per second. In the equation
(2), T denotes torque which is calculated by
multiplying force (f) by the radius of the rotating part
(7). In equation (3), P represents the power of the
motor which is calculated by multiplying torque and
angular velocity. Finally in equation (4) linear speed
is converted from millimeters per second to rounds
per minute. Figure 8 shows the free body diagram of
the rotating part.

10N

0

15 mm

Figure 9. Free body diagram of the rotating part
4.2 Arm design

The arm design is done by checking how
much the counterweight needs to be according to the
dimensions already selected and whether the arm
would yield or not. The free body diagram of the
upper arm is shown in Figure 10. Using the values
from the diagram, the largest moment in the system
was found to be 32.3625 N-mm.

0432N 0.287 N 0488 N 10N

JAY ¢_J

12.5 mm 37.5 mm‘ 65 mm 40 mm
75 mm 130 mm ﬁ
{ 0N

1217 N

Figure 10. Free body diagram of the upper arm

I = {{bnxhg] - {IJ,'J.’.’!? Yy = 12
I = ((20 x20%) — (16 x 16%)) = 12 (5)
I = 7872 mm*
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5= (Mxc) = I = (323625 x 10) /7872 =
0.04 N / mm® (MPa)
(6)

In the equation (5), | denotes moment of
inertia, b,is the outer width of the arm, ., is the outer
height of the arm, &; is the inner width of the arm, #;
is the inner height of the arm. In the equation (6), 5 is
the section modulus, M is the applied moment and ¢
is the distance from the neutral axis to the outermost
part. Since Sy = 276 MPa is larger than 0.04 MPa, it
is known that the upper arm will stay in the elastic
range.

5. ELECTRONICS COMPONENTS & MODULES

Since data needs to be collected and the speed
of the motor needs to be adjusted, electrical
components are added. A step motor, step driver,
power supply, load cell and two Arduino cards are
chosen to be added to the tribometer to satisfy these
requirements.

The chosen step motor is a Nema 23 2.2 N.m
Step motor, the driver is a tb6600 step motor driver,
and the power supply is a 24 VDC power supply.
These components are chosen to satisfy the speed
requirements. The load cell is chosen as a 1kg load
cell to collect the data. Two Arduino UNO’s are used
because the delay in the load cell code interrupts the
step motor code which results in inconsistencies in
the motor speed. Using two boards helps alleviate
this issue.

The setup of the two circuits can be observed
in Figure 11 and Figure 12.

=

HX711 amplifier

Arduino UNO

<= 1kg Loadcell

Figure 11. Wiring of the load cell circuit

The motor is used to control the speed and the
load cell is used to get a force value to calculate the
torque. Finally, the general setup of the two Arduino
boards, power supply, amplifier and motor driver are
presented in Figure 13.
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6. WORKING PRINCIPLE

The tribometer design prioritizes ease of use.
The tribometer aims to simulate sliding or rolling
motions in an experimental way by conducting
contact and relative motion between two surfaces
being, a pin and a rotating disk. The sample is
cleaned and prepared according to the researcher’s
needs. The top pin comes into contact vertically with
the disk before applying an external load. The loads
can be adjusted to suit the requirements of the
experiment up to 10N. 6mm alumina (Al,O3) or
100Cr6 steel balls can be integrated into the pin for
conducting experiments. As the disk connected to the
motor begins to rotate, friction forces are generated
between the ball on the pin and the surface of the
sample. These friction forces then lead to wear on top
of the sample which can be seen by the naked eye. As
the instrument is being operated, Arduino boards
stream data to the connected computer to record force
data from the load cell at the rate that is chosen
beforehand. With this data, the researcher can draw
the real-time coefficient of friction graph and
manipulate the data according to their needs. After
the test is finished, further data processing tasks can
be handled or the sample can be further analysed
using different methods such as optical microscopy,
scanning  electron  microscopy, or surface
profilometry. These analyses could be helpful in
finding out more about how the wear mechanisms
and surface changes caused by the tribological testing
affected the surface of the sample. Additionally, these
tasks done after the tests can help optimize the
parameters of the tribological experiments as the
researcher would gain deeper knowledge about the
surface that they are working with and how each
parameter affects it.

TB6600 step motor driver Arduino

Step motor

Power supply =

¢z~ <F

Figure 12. Wiring of the step motor circuit
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The motor casing itself is not bolted down but
centred with ball and conical bearings. In this setup,
the motor is mounted in a motor sleeve and the arm
of the motor sleeve contacts the load cell to output a
force value. Since the distance from the centre of
rotation is predetermined, the coefficient of friction is
calculated from the force value.

The visualization of the process can be seen in
Figure 14.

Motor control Arduino

Figure 13. Final electronics assembly

Friction Force Loadcell Force Data

0. . ¢
A

Figure 14. Working principle free body diagram

The centre of rotation is the pin connection in
the free body diagram, L, is the specimen test radius
and L, is the distance between the centre of rotation
and the contact point of the load cell. The program
starts by reading the load cell voltage. The load cell
voltage is then converted to force which equals to the
friction force. Since the applied external load is
known before hand, it is entered by the user as the
normal force. Finally, the coefficient of friction is
found by dividing the friction force by the normal
force. The equation of the coefficient of friction is
given.

I — U

Frormal

In the equation (7), the coefficient of friction
is represented with w, friction force is represented
With  Frricrign  and finally the normal force is

represented with Fygrm i
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7. MANUFACTURING

The parts were manufactured in ATILIM
University manufacturing laboratories. A lathe and a
CNC machine are used to manufacture most of the
parts needed. The manufacturing steps taken, and the
purpose of the key parts are discussed further.

The manufacturing of the top plate starts with
the cutting of a long plate of material into a smaller
plate with a horizontal bandsaw. After that, the CNC
machine is used to get the measurements as close as
possible to the actual measurements. Then, the marks
for the holes are made and the bearing hole is formed.
Finally, a vertical drill is used to manually drill the
holes through the material and a tap is used to create
the threads afterwards.

Since the motor sleeve is a crucial part of this
instrument’s working principle, the part design could
not be changed as much as the other parts. This part
is completely manufactured in the CNC machine
because of part complexity and the lack of a manual
milling machine. The motor sleeve can be observed
in Figure 15.

Figure 15. Motor sleeve

The sliding part was designed to be an
assembly part between the upper arm and the linear
bearings. Since it must be assembled with many
default parts, most of the manufacturing is done in
the CNC machine to make sure the threaded holes
line up. The sliding part can be observed in Figure
16.
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Figure 16. Sliding part

The sample holder can house samples that are
circular, and it allows a maximum diameter of 35mm.
It can be adjusted to lock in smaller sized samples.
The sample holder has a rotating locking mechanism
where the holder gets tighter as it is rotated
counterclockwise. This feature is essential for
working with a variety of sample sizes. It is
particularly important to make sure the sample is
tightly locked in during experiments. An unlocked
sample could lead to fluctuations during tests which
can result in, damage to the sample and the pin,
inconsistent friction results, safety concerns and
potentially incomplete data. The 1050 steel sample
holder can be observed in Figure 17.

Figure 17. Sample holder

The section that houses the main upper arm,
load, sample, counterweight, linear bearing assembly,
sample holder, the leadscrew, and the aluminium or
steel ball replacement screw can be observed in
Figure 18.

After manufacturing, assembly is done with
all the default parts and the manufactured parts fitting
together. The final assembly can be observed in
Figure 19. The individual parts that make up the
assembly are also labelled accordingly.
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Counterweight assembly

Sample holder

Figure 18. Upper part of the tribometer

Counterweight
¥ o7 assembly

Leadscrew

Figure 19. Isometric view of the final assembly

8. TESTING

Testing is done following the proper
procedures being; cleaning the surface of the sample,
making sure the upper arm is correctly operated and
setting the correct parameters within the software. To
confirm that the tribometer is working according to
the set standards, a reference test is conducted with
the CSM tribometer in the Metal Forming Center of
Excellence. The parameters, incuding samples and
pins used in all tests are the same among all the tests
that are conducted. This reference test is used to
evaluate the validity of the data outputted from the
manufactured tribometer. The specifications of the
CSM tribometer is presented in Table 2, while the
general view can be observed in Figure 20.

The reference test is done on a CSM
tribometer with a D2 steel substrate as the sample.
Circular samples are cut from steel rods in
dimensions of 30 mm radius and 5-7 mm thickness.
Heat treatment is then applied to the circular samples
before sanding, polishing and ultrasonic cleaning
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sequentially. Finally, the surface of the sample is
cleaned and prepared with precision wipes for
optimal testing. D2 steel is a high carbon and high
chromium tool steel with high wear resistance,
toughness and hardness. This makes it especially
good for tribological tests. The wear marks left on the
samples after testing can be seen in Figure 21 for
comparison. 6mm alumina (Al,O3) or steel 100Cr6
balls can be used within the tribometer pin. Alumina
or steel ball replacement screw is first unscrewed
then the ball is placed into the pin before finally
screwing the screw. The tests are done using steel
100Cr6 6mm balls integrated into the pin. Alumina
balls are generally harder than steel balls with higher
resistance to deformation and wear. That is why they
are preferred while testing samples with harder
surfaces. Steel balls are preferred in cases where cost
is an important factor, as they are comparatively
more affordable than their alumina counterparts.
Because the samples are of D2 steel material, steel
100Cr6 balls are deemed suitable to be used for
testing, as there are no compatibility issues between
these two materials. These can also be seen in Figure
22.

Figure 21. Wear marks on the D2 steel sample after
testing with the (a): manufactured tribometer, (b):
CSM tribometer

Table 2. Specifications of the CSM tribometer

Sensors
Type Range
Normal Load [N] Up to 10
Friction Load [N] 10
Pin-on-Disk: Speed 500
[rpm]
Measurement Performance
Type Max
Linear: Speed [mm/s] 100
Linear: Stroke Length

60
[mm]

The same test with the same sample, ball and
parameters has been conducted using both
tribometers and the results are plotted in the same
graph in order to make a better comparison. The test
parameters are as follows; The radius of track is 7.5
mm, the speed is 100 mm/s and the external load is 1
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N. The test is run for 8 minutes and 20 seconds. The
manufactured tribometer is designed for room
temperature applications, so the temperature is not
directly controlled. The manufactured tribometer
does not possess a thermocouple to conduct
temperature measurements and all experiments are
conducted at room temperature. The CSM tribometer
used as a reference did not come with a built in
thermocouple but the authors have integrated a
thermocouple in the recent years to take temperature
measurements as needed using the CSM tribometer.
Since the temperature fluctuations are low and
insignificant during room temperature tests, the
friction coefficient results are not affected. A
thermocouple sensor could be added to the
manufactured tribometer in future to improve the
capabilities of the system. The results from the test
can be seen in Figure 23. It is seen that the curves for
coefficient of friction in both experiments are similar.
The y axis shows the coefficient of friction value
while the x axis shows the time in seconds. The
minimum, maximum and mean coefficient of friction
values outputted from each tribometer is shown in
Table 3.

Figure 20. General view of the CSM tribometer

Figure 22. (a): Alumina (Al;03), (b): 100Cr6 steel
6mm balls
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Figure 23. Coefficient of friction versus time
comparison between the CSM tribometer and the
manufactured tribometer

Table 3. Comparison test results

I Min Max Mean
CSM

oM e | 0129 0.924 0.686
Manufactured | 5,6 0.818 0.603
Tribometer

The CSM tribometer outputs a mean
coefficient of friction value of 0.686 while the
manufactured tribometer outputs a mean coefficient
of friction value of 0.603. When compared, the
similarities in the curve characteristics can be
observed. While comparing the mean values, a less
than +0.1 difference can be observed, which is
deemed acceptable for friction results. The reliability
of the manufactured tribometer is tested with around
+10% variance when compared to the CSM
tribometer.

In Figure 24 and Figure 25, the results of two
tests outputted from the manufactured tribometer can
be seen. The purpose of these two tests is to compare
the effect of longer test times and different speeds
using the manufactured tribometer. The sample is a
D2 steel substrate in both tests. The first test is run
with a radius of 10 mm, a speed of 100 mm/s, a load
of 1 N and 15 minutes of run time. The y axis shows
the coefficient of friction value calculated by the
manufactured tribometer. The x axis shows the
amount of data points that are recorded. A total of
10000 data points are recorded in both experiments
during the 15 minutes of testing time. Each point of
data is approximately recorded every 0.09 seconds. In
the graphs, 10000" data point equals to the 900™
second mark.

In Figure 25, the result of the last test
conducted on the manufactured tribometer can be
seen. This test is run on the same sample as the
previous one. The main differences between the two
tests were that this one is run on a 12 mm radius and
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50 mm/s speed. Results show us that the friction
coefficient does not exceed 1.01 and the mean is also
lower than the faster test. The lower mean coefficient
of friction results may be due to multiple factors. As
the speed is lower than the previous tests, heat
generated during the sliding process would be less.
Excessive heat generated with higher speeds can lead
to increased coefficient of friction results. Another
reason could be that higher speeds could lead to more
wear and abrasion between two surfaces. At lower
speeds, lower wear and abrasion levels would cause
less friction between two surfaces. In both
experiments, the maximum coefficient of friction
results observed were slightly above 1. The mean
coefficient of friction value shown in the curve is
under 1. However, the oscillations of force
measurements show a variance. As can be seen in the
literature, friction coefficients can even be higher
than 1, depending on the surface conditions. It is
important to note that finding the optimal testing
parameters is crucial for conducting tribological
experiments.

01}0L1,] JO JUDIDIJFA0))

Data Points

Min:0.29 [ Max:1.10 | Mean: 0.84

Figure 24. Coefficient of friction versus time via the
manufactured device with longer test time and higher
speed

(1) uonoLL{ JO JUAIDIYB0D

Data Points

| Min:0.12 [Max:1.01 | Mean: 0.51

Figure 25. Coefficient of friction versus time via the
manufactured device with longer test time and lower
speed
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9. CONCLUSION

In this work, a pin-on-disk tribometer is
designed and manufactured. The developed
tribometer offers competitive specifications to the
mass produced and professional tribometers. In the
design process, the parts are made as light as
possible, and the dimension and materials are
changed according to material availability. Also, the
electrical components are chosen according to the
budget and requirements. To save on manufacturing
cost, every part is made in the ATILIM University
Manufacturing Laboratories using CNC machining.
The total budget allocated for designing,
manufacturing, and testing the manufactured
tribometer is 10,000 Turkish Lira for a single unit.
Comparatively, the CSM pin-on-disk tribometer costs
70,500 Swiss Franc, making it 22976% more
expensive. Likewise, there are also significant
differences in terms of weight between the two
tribometers. The CSM tribometer weighs 50Kg,
making it hard to carry around if needed. The
manufactured tribometer weighs just 10kg which is
an 80% difference, making it portable enough to
carry around when needed. Design and power
calculations are done and the properties of the parts
that are manufactured are determined according to
these calculations. The tribometer is designed to
adhere to the ASTM G99 and G115 standards. In the
testing phase, the tribometer is compared to a CSM
branded professional tribometer using similar tests.
During the tests, the same parameters and the same
samples are used to ensure the integrity of the
comparisons. The manufactured tribometer has the
capability of gathering real-time data as the tests run.
Arduino boards allow the tribometer to stream real
time data directly to the computer software. This
makes it possible to draw a time graph of the
coefficient of friction data and make comparisons.
Data streaming also allows researchers to filter,
manipulate or perform various data analysis tasks
after the test is finished. When the results are
observed, the curves for the coefficient of friction and
the mean values between the professional tribometer
and the tribometer made in this project are found very
similar. Some other tests are run to confirm that the
tribometer is outputting reasonable data with different
parameters. After confirming all the results from the
tests, the project was deemed a success. The
manufactured tribometer could potentially be
enhanced by integrating sensors to record
temperature data during tests. Finally, the tribometer
could be modified to enable testing with different
kinds of lubricants. Current design is open to further
development as needed.
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DiSK USTUNDE PiM TRIBOMETRE TASARIMI
VE IMALATI

Bu makalenin ele almis oldugu projenin
konusu, bir disk iistiinde pim tribometre tasarimi ve
imalatidir. Tasarlanmig tribometrenin kargilamasi
gereken gereksinimler; 0-1400 mm/s aras1 hizda, 0-
10 N aras1 normal yiikte ve 6 mm 100 Cr6 ¢elik veya
alimina (Al,O3) top ile deney yapilabilmesidir.
Tribometrenin gerekli pargalart ATILIM Universitesi
Imalat Laboratuvari’nda CNC tezgah kullamilarak
gerceklestirilmistir. Tribometre tasarlanirken,
taginabilirlik, hafiflik, diisik maliyet ve deney
sirasinda  gercek zamanli bir sekilde veri akisi
saglanabilmesi en Onemli Oncelikler olarak
belirlenmistir. Ayni1 zamanda tasarim ve iretim
stireglerinde ASTM G99 ve G115 standartlar1 goz
Oniinde tutulmustur. Diizenek kurulurken, siirtiinme
katsayisini hesaplamak amaciyla veri toplama islemi
icin bir yiik hiicresi kullanilmigtir. Hiz gereksinimini
kargilayacak bir adim motoru se¢ilmistir. “Arduino”
araciligi ile kontrol edilebilecek sekilde kod yazilip,
veri toplamak ve siirtinme katsayisinin grafigini
gercek zamanli olarak elde etmek icin Microsoft
Excel’in “Data Streamer” eklentisi kullanilmistir. Bu
sekilde hem deney sirasinda hem de deneyin
tamamlanmasi ardindan veri isleme gorevleri
yapilabilmektedir. Sunulan cihaz, CSM tarafindan
tretilmig, profesyonel bir disk {istinde pim
tribometre ile deneysel ortamda karsilastirilmistir.
Karsilastirmalarda ayni parametreler ve ayni sekilde
hazirlanmis  numuneler kullanilmistir.  Numune
hazirlama siiregleri detayli bir bigimde belirtilmistir.
Testler sirasinda 100Cr6 ¢elik top kullanilmis olup,
cihazin aliimina (Al,O3) toplart ile de deney
yapabilme kabiliyeti vardir. Aliimina (Al,O3) toplarin
kullaniom alanlar1 ve ¢elik toplardan farklari,
nedenleri ile  Dbelirtilmistir. Karsilagtirmalar
sonucunda,  sunulan  tribometre ile  CSM
tribometreden alinan siirtiinme katsayist  verileri
kargilagtirilabilir ~ bir oranda  ¢ikmustir.  Proje,
tanimlanan gereksinimleri karsilamis ve basarili bir
sekilde sonlandirilmstir.

Anahtar Kelimeler: Tribometre Tasarimi,
Imalat, Tribolojik Test, Siirtinme Katsayis1 Olgiimii,
Yiizey Karakterizasyonu
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MAKINA TASARIM VE IMALAT DERGISI



YAYIN iLKELERI

Amag

1. Makina tasarim ve imalati alaninda yerli teknoloji
Uretimine yonelik kuramsal ve uygulamali
calismalari duyurmak.

2. Bu alanda caligan kisi ve kuruluglar arasinda bilgi
alisverisini saglamak.

3. Yayimlanan caligmalar Uzerinde teknik tartisma
ortami yaratmak.

4. Universite — enddistri arasindaki yakinlasma ve
isbirliginin gelistiriimesine katkida bulunmak.

5. Tirkge teknik bilgi birikimini arttirmak.

Kapsam

(@) Dergi amaglar dogrultusunda asagida belirtilen
konularda veya bunlara yakin konulardaki yazilari
yayimlar;

Makina Tasarimi, Mekanik Sistemlerin Tasarimi
ve Analizi, Makina Teorisi ve Mekanizma Teknigi,
Makina Elemanlari, imalat Yontemleri, Bilgisayar
Yardimi ile tasarim ve imalat, Robotik ve Esnek
imalat Yéntemleri, Akigkanlar Mekanigi, Malzeme
Secimi ve Malzeme Sorunlari, Kalite Kontrolu,
Fabrika Organizasyonu ve Uretim Planlamasi,
Bakim ve Onarim, Derginin amacina uygun diger
konular.

(b) Dergide yayimlanacak makaleler, bir yeniligi,
ilerlemeyi, gelismeyi, arastirma ya da uygulama
sonuglarini igermek Uzere arastirma makaleleri,
uygulama makaleleri, derleme makaleleri, geviri
makaleleri ve kisa makaleler olabilir.

(c) Dergide lyelerimize faydali olabilecek imalat ve
teknoloji ile ilgili arastirma ve c¢alismalarin
sunuldugu veya firma ve kuruluglarin tanitildigi
yazilar yayimlanabilir
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(d) Derginin kapsamina giren konularda diizenlenen
yurtici ve yurtdisi konferans, seminer, vb.
etkinliklere ve ayrica bu konulardaki kitap, dergi
vb. yayinlara ait duyurular yer alir.

Makalelerin Degerlendirilmesi

Makina Tasarim ve Imalat Dergisi, yayin kalitesi
olarak belirli  bir duzeyin Ustinde kalmayi
amaclamistir. Turkiye kosullarini da gézénine alarak,
bu kalite diizeyinin slrdlrulmesi igin gerekli tim ¢aba
ve titizlik gOsterilecektir. Dergi'ye gelen her makale
kesinlikle incelemeden gegirilecek ve bu amagla
mimkin oldugu kadar Turkiye capinda ya da
yurtdisinda konunun uzmani hakemler tarafindan
degerlendiriimesine 6zen gdsterilecektir. inceleme ve
degerlendirme sonuglari hakkinda makale yazarlarina
bilgi verilecektir.

YAYIN HAKKI

Dergide yayimlanan makalelerin her tirli yayin
hakki ODTU Prof. Dr. Mustafa N. Parlar Egitim ve
Arastirma Vakfr'na aittir. Dergideki yazilar, yazili izin
almadan bagka yerde yayimlanamaz ve gogaltilamaz.

CALISMA ILKELERI

Derginin yasal sahibi, Orta Dogu Teknik Universitesi
Prof. Dr. Mustafa N. Parlar Egitim ve Arastirma
Vakfidir. “Dergi Yayin Kurulu” dergi yonetimi ile ilgili
organdir. Dergi Yayin Kurullann ODTU Prof. Dr.
Mustafa N. Parlar Egitim ve Arastirma Vakfi
tarafindan segilir. Yayin Kurulu derginin yayin
ilkelerine uygun yayimi ile yakamliadir. Yayin Kurulu
faaliyetleri konusunda Orta Dogu Teknik Universitesi
Prof. Dr. Mustafa N. Parlar Egitim ve Arastirma Vakfi
Yonetim Kuruluna bilgi verir ve onayini alir.

Journal of Mechanical Design and Production is a
periodical, published by the METU Prof.Dr. Mustafa
N. Parlar Education and Research Foundation,
Ankara, Turkey.



MAKALE GONDERME KOSULLARI

Makina Tasarim ve Imalat Dergisi'ne yurt icinden ya da yurt
disindan isteyen herkes yayimlanmak Uzere makale goénderebilir.
Gonderilen makalelerin dergi temel amaclarina uygun ve dergi
kapsami iginde olmasi ve asagidaki makale kabul ilkelerini saglamasi
gerekmektedir. Dergi Yayin Kuruluna gelen her makale en az iki
hakem tarafindan degerlendirilir ve sonug olumlu ya da olumsuz olsa
da, yazarina bildirilir.

Makina Tasarim ve Imalat Dergisinde asagidaki makaleler
yayimlanabilir.

® Arastirma Makaleleri.
® Uygulama Makaleleri.

® Derleme Makaleleri: Belirli bir konu uzerinde bilimsel ve
teknolojik son gelismeleri zengin bir kaynakgaya dayanarak
aktaran ve bunlarin degerlendirmesini yapacak nitelikte olmalidir.

® Ceviri Makaleler: Yerli teknoloji ve bilgi birikimine 6nemli bir
katkida bulunacak nitelikte olmalidir.

® Kisa Makaleler: Yapilan bir calismayr zaman gecirmeden
duyuran veya bu dergide yayimlanan bir makaleyi tartigan
yazilardir.

® Diger: Yukarida tanimlanan igerikte olmayan, ancak Uyelerimize
faydali olabilecek, imalat ve teknoloji ile ilgili g¢alisma ve
arastirmalarin ~ sunuldugu, firma ve kuruluslarin  teknik
ozelliklerinin tanitildig yazilardir.

Ornek makale https://parlar.org.tr/matim sitesinde verilmistir.
Yazarlar, makalelerini TUBITAK ULAKBIM tarafindan yiiriitiilen
http://dergipark.org.tr/tr/pub/matim sitesine yiiklemelidirler. Bir sorun
ile karsilasilirsa llhan Konukseven (konuk@metu.edu.tr) veya Hakan
Kalkan (hakan.kalkan@atilim.edu.tr) ile iletisim kurabilirler. Yazarlar,
yayinlanma kabuliinii takiben makalenin en son halini elektronik
olarak ayni sekilde yiklemelilerdir. Kelime-islemci olarak Windows
isletim sisteminde galisan MS Word program paketi kullaniimalidir.

MAKALE KABUL ILKELERI
Makaleler igerik ve sekil olarak asagida belirtilen bigimde
hazirlanmalidir.

Yazim Dili

Kullanilan dilin olabildigince basit, anlasilir ve kesin olmasina
6zen goésterilmelidir. lleri diizeyde teknik ya da aligiimamis kavramlar
kullanmak gerektiginde, bunlar uygun bir sekilde tanimlanmali ve
yeterince agiklanmalidir.

Makalenin Yapisi
Makaleler, asagida verilen yapida olacak sekilde hazirlanmalidir.

® Makalenin adi

Yazar(lar) ad(lar)i, Gnvanlari, bagh oldugu kurulus ve kurulusun
bulundugu il.

Ozet ve anahtar kelimeler

Makalenin ana kismi

Tesekkir (gerekli ise)

ingilizce baslik, 6zet ve anahtar kelimeler

Kaynakga

Ek(ler) varsa

Makalenin adi, olabildigince kisa, gereksiz ayrintidan arinmig
olmali, ancak gerekli anahtar sézcikleri igermelidir.

Yazarlarin ad ve soyadlari, tGnvanlari, bagl oldugu kurulus ve
bulundugu il verilmelidir. Ayrintili gérev ve adres ise ayri bir kaditta ve
yazarlarin kisa 6zgecmisleri ile birlikte belirtiimelidir.

Ozette sadece sonuglar degil makalenin tiimii gok kisa ve 6z
sekilde agiklanmahdir. Ozet, makalenin konusu, kapsami ve
sonuglari hakkinda fikir verebilmel, ilgili anahtar s6zciik ve deyimleri
icermelidir. 100 kelimeyi ge¢cmeyen Turkge Ozetin ve anahtar
sozcilklerin Ingilizcesi de konulmali ve makale baghginin Ingilizcesi
de mutlaka yazilmalidir. Bu konuda istenirse dergi Yayin Kurulu
yardimci olabilir.

Makalenin ana kisminda makalenin amacindan séz edildikten
sonra bir mantik zinciri iginde sorun tanitiimali, ¢6ziim yollari ve diger
bilgiler verilerek sonuglar ve bunlarin degerlendiriimesi sunulmalidir.

Tesekklr kisminda gerekiyorsa kisi, kurulus ya da firmalara
tesekkiir edilebilir. Ozellikle firma adlarinin bu bélimiiniin disinda
baska bir yerde verilmemesine 6zen gosterilmelidir.

Basliklar

Gerek makalenin yapisini belirlemek gerekse uzun boélimlerde
diizenli bir bilgi aktarimi saglamak igin Ug tir bashk kullanilabilir:

® Ana Basliklar,
® Ara Basliklar,

o Alt Basliklar.

Ana Basliklar: Bunlar, sira ile, 6zet, makalenin ana kisminin
boltmleri, tesekkir (varsa), kaynakga, ekler (varsa)’den olusmaktadir.
Ana basliklar biyik harflerle yazilmalidir.

Ara Basliklar: Yalniz birinci harfleri biiylk harfle yazilmalidir.

Alt Basliklar: Yalniz birinci harfleri buylk harflerle yazilmali ve
hemen baslik sonunda iki nokta Ustliste konularak yaziya ayni
satirdan devam edilmelidir.

Matematiksel Bagintilar

Matematiksel bagintilar, bilgisayar ile anlasilir sekilde agik ve
secik olarak yaziimali, Turkge alfabenin disindaki karakterleri
sayfanin sol tarafindaki boslukta ayrica ne olduklari yazi ile
belirtimelidir. Ust ve alt harf veya rakamlar belirgin bir sekilde
yazilmaldir. Ozellikle bilgisayar kullaniminda “I” (le) harfi ile “1” (bir)
sayisinin, “O” harfi ile “0” (sifir) sayisinin karistirilmamasina 6zen
gosterilmelidir. Metin icindeki bagintilar 1 (bir)’den baslayarak sira ile
numaralandiriimali ve bu numaralar esitligin bulundugu satirin sag
kenarina parantez “( )" iginde verilmelidir.

Sekiller, Cizelgeler ve Resimler

Sekiller, kugliltme ve basimda sorun yaratmamak icin bilgisayar
ile, diizgln ve yeterli ¢izgi kalinhiginda gizilmelidir. Sekiller 1 (bir)’den
baslayarak ayrica numaralandiriimali ve her seklin altina alt
yazilariyla birlikte yazilmalidir. Cizelgeler de sekiller gibi, 1 (bir)’den
baslayarak ayrica numaralandiriimali ve her gizelgenin Ustline
basligiyla birlikte yazilmalidir.

Resimler yeterli ¢oziiniirlikte saglanmalidir. Ayrica sekiller igin
verilen kurallara uyulmalidir. Derginin elektronik ortamda renkli olarak
yayinlanacigi dikkate alinmalidir.

Cizelge basliklarinin sadece ilk kelimesinin bas harfi blylk
harfle, diger harfleri ve kelimeler kigik harfle yazilmalidir. Cizelge
basliklari, ayrica bir sayfada da sira ile verilmelidir.

Dip Notu

Dip notu gereken yerlerde bu bir Gs numarasi 1 ile belirtiimelidir.
Buna karsilik gelen dip notu ayni sayfanin altinda ara metinle bir gizgi
ile ayrilmis olarak verilmelidir.

Kaynakca
Makale icinde génderme yapilan (atifta bulunulan) her tirlt basili
yayin makalede so6z edildigi sirada ve koseli parantez [ ] icinde
verilmelidir. Dergilerde yayimlanan makaleler, kitaplar, raporlar,
tezler, kongre ve sempozyumlarda sunulan makaleler asagidaki
orneklerde verilen sekilde yazilmalidir.
Dergi Makalesi
1. Richie, G.S., Nonlinear Dynamic Characteristics of Finite Journal
Bearings, ASME, J. of Lub. Technology, 105 (1983) 3, 375-376.
Kitap
2. Shigley, J.E. ve Mitchell, L.P., Mechanical Engineering Design,
McGraw-Hill Book Company, New York, 1983.
Rapor
3. Arslan, A.V. ve Novoseletsky, L.A., Mathematical Model to
Predict the Dynamic Vertical Wheel/Rail Forces Associated with
Low Rail Joint, AAR Technical Center, Technical Report, No.R-
462, October 1980.
Kongre Makalesi
4. Adal, E. ve Tunali, F., Bilgisayar Denetimli Tezgaha Gegis, 1.
Ulusal Makina Tasarim ve Imalat Kongresi Bildiri Kitabi, 287-293,
ODTU, 1984.

Makalenin Uzunlugu ve Yazimi

Dergide yayimlanacak makaleler 13 makale sayfasini
gegcmemelidir. Makaleler bilgisayar ile A4 formatinda, iki aralikli
olarak yazilmali ve sayfa kenarlarinda vyeteri kadar bosluk
birakiimaldir.

Kabul edilen makaleler dergi igin yapilan dizgi ve sekilsel
dizenlemeden sonra kontrol igin basimdan énce yazarina génderilir.

Yayimlansin veya yayimlanmasin génderilen makaleler yazarina
geri gonderilmez. Yazilardaki fikir ve gorisler yazarina, ceviriden
dogacak sorumluluk ise gevirene aittir.

YAZISMALAR

Belirtimemesi durumunda konuyla ilgili yazismalar birinci yazarin
adresine gonderilir.

1. Ornek dip not


http://dergipark.org.tr/tr/pub/matim

