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Biyonik Tiirbin Kanadi Tasariminda Aerodinamik Form Optimizasyonu

Giilsiim KILIC*"*', Asim Sinan KARAKURT?"
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0z

Riizgar enerjisi teknolojisi, riizgarin tiirbin kanatlarim dondiirmesi sonucu mekanik enerjinin
elektrik enerjisine doniigmesi esasina dayanir. Riizgar tiirbininin kurulacagi yerin riizgar potansiyeli,
verimli bir elektrik tiretimi i¢in olduk¢a onemlidir. Tirbinlerde kullanilan jenerator tipi, kanat
aerodinamigi ve kanat sayisi verimi etkileyen faktorlerdendir. Kanat profili, kanat yapisi ve
stiriklenme katsayisinin kaldirma katsayisina oranm1 da (C/Cp) verimlilik bakimindan tiirbin
performansini etkileyen onemli parametrelerdir. Farkli kanat profillerinde ayni hiicum agisinda
(CL/Cp) oram farklilik gosterebilmektedir. Bu ¢alismada biyomimikri yontemi ile baykus kanadi
formundan ilham alinarak NACA-4412 profili iizerinde kanal agilmigtir. Kanallar, kanal genisligi
12 mm ve kanal derinligi kanat profilinin yiizeyinin %10 oraninda kiigiiltiilmesiyle tiim ylizeyde 40
mm mesafe ile 5 tane olacak sekilde olusturulmustur. Analizler Reynolds sayilarinin 2,5x10%, 5x10%,
7,5x10% ve hiicum agilarim 8°, 12°, 20° olmasi durumlarinda gergeklestirilmistir. Kanalli model
igin stiriklenme katsayis1 (Cp) ve kaldirma katsayisi1 (CL) degerleri elde edilmistir. Kanalli ve
kanalsiz model i¢in analizlerin gerc¢eklestirildigi hiicum agilar1 ve Reynolds sayilarinda kaldirma
katsayisy/siiriiklenme katsayist (C./Cp) oranlart kiyaslanmustir. Reynolds sayisinin 2,5x10*
degerinde hiicum agisimin 8° ve 12°’lerinde kanalli modelde C/Cp oraninda yaklasik olarak 4 ve 8
kat1 artis oldugu goriilmiistiir. 20° de ise referans modelde stall durumu s6z konusuyken kanal
acilmis model daha kararli bir yapida olup ¢6ziim gerceklestirilebilmistir. Reynolds sayisinm 5x10*
degerinde hiicum agisinin 8° ve 12°’lerinde kanalli modelde C/Cp oraninda yaklasik olarak 4 ve 7
kat1 artis oldugu goriilmiistiir. Reynolds sayisinin 7,5x10% degerinde hiicum agisinin 8° ve
12°’lerinde kanalli modelde C/Cp oraninda yaklasik olarak 5 ve 8 kat1 artis oldugu goriilmiistiir.

Anahtar Kelimeler: Aerodinamik optimizasyon, Biomimikri, Kanat verimi, Riizgar tiirbini

Aerodynamic Form Optimization in Bionic Turbine Blade Design

ABSTRACT

Wind energy technology is based on the conversion of mechanical energy into electrical energy as
a result of the wind turning the turbine blades. The wind potential of the place where the wind
turbine will be installed is very important for an efficient electricity production. Airfoil, wing
structure and the ratio of drag coefficient to lift coefficient (C/Cp) are also important parameters
that affect turbine performance in terms of efficiency. In different wing profiles, the ratio of the
same angle of attack may differ. In this study, a channel was opened on the NACA-4412 profile,
inspired by the owl wing form with the biomimicry method. The channels are formed in such a way
that the channel width is 12 mm and the channel depth is 5 pieces with a distance of 40 mm on the
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entire surface by reducing the surface of the airfoil by 10%. Analyzes were performed when
Reynolds numbers were 2.5x10* ,5x10%, 7.5x10* and angles of attack were 8°, 12°, 20°. The drag
coefficient and lift coefficient values were obtained for the ducted model. It was observed that the
CL/Cp ratio increased approximately 4 and 8 times in the channel model at 8° and 12° of the angle
of attack at a value of 2.5x10* Reynolds number. At 20°, when the reference model is stalled, the
channel opened model is more stable and the solution can be realized. 1t was observed that the C./Cp
ratio increased approximately 4 and 7 times in the channel model at 8° and 12° of the angle of attack
at a Reynolds number of 5x10%. At 7.5x10* Reynolds number, at 8° and 12° of the angle of attack,
there was an increase of approximately 5 and 8 times in the C/Cp ratio in the channel model.

Keywords: Aerodynamic optimization, Biomimicry, Blade efficiency, Wind turbine

1 Giris

Enerjiye olan ihtiyag, niifusun artisi, sanayilesme, teknolojinin gelismesi ve tiiketimin artmasina bagh
olarak giin gectikce artmaktadir. Diinya iizerinde fosil yakit kaynaklarinin giderek tiikenmesi iireticileri
yeni enerji kaynaklarina yonlendirmektedir. iklim degisiklikleri, hava kirliligi, sera gazi etkisi gibi
olaylar enerji iiretimi sirasinda ortaya ¢ikan yan etkilerdir. Bu etkiler iilkeleri enerji iiretiminde daha
dikkatli olmaya zorlamaktadir. Riizgar, giines gibi yenilenebilir enerji kaynaklarini kullanmak gevresel
problemlere daha az sebep olmaktadir. Yenilenebilir enerji kaynaklarindan olan riizgar, hizli devreye
alinabilmesi sebebi ile kullanim orani giderek artmaktadir. Son yillarda kompozit malzemelerdeki
gelismeler, tlirbin teknolojisindeki aerodinamik ve mekanik ozelliklerin gelismesini olumlu yonde
etkilemistir. Riizgar enerjisinin kullanimu ile giiriiltii ve manyetik kirlilikler diger enerji kaynaklariin
kullanimu ile kiyaslandiginda en aza indirilmistir (Colak & Demirtag, 2010). Riizgarin kinetik enerjisi
rotorda mekanik enerjiye ¢eviren riizgar tiirbinleri, donme eksenlerine, devirlerine, giiclerine, kanat
sayilarina, riizgar etkisine, disli 6zelliklerine ve kurulum konumlarina gore siniflandirilir (Elibiiyiik &
Ucggiil, 2014). i1k yatirrm maliyetleri yiiksek olan riizgar tiirbinlerinin tercih edilme sebeplerinin basinda
isletme maliyetlerinin oldukca diisiik olmasi gelmektedir. Teknolojik gelismelerle birlikte riizgar
enerjisinden elektrik enerjisi liretimi maliyeti giderek diismektedir. Bir riizgar enerjisi santralinin toplam
maliyetinin biiyltik bir kismini riizgar tirbinleri ve tiirbin bilesenleri olan kanatlar, kuleler vb.
olusturmaktadir (Elia vd., 2020).

Riizgar hizi, akig hizlandiric1 geometriler, kule boyu, jeneratdr tipi, disli sayisi, kanat boyutlari, kanat
sayis1 ve kanat profili gibi pek ¢ok parametre tiirbin performansini 6nemli 6l¢iide etkilemektedir (Bashir,
2022). Sirtiklenme katsayisinin kaldirma katsayisina orami (C./Cp) ve kanat yapisi da kanat
performansini etkileyen diger 6nemli parametrelerdir. Farkli kanat profillerinde ayni hiicum agilarinda
Cu/Cp orami farklilik gosterebilmektedir. Bu nedenle kanat geometrisinde modifikasyonlar yapilarak
performansa etkileri aragtirilmaktadir (Sule vd., 2022). Riizgar enerji santrallerinin biiyiik parcalardan
olugsmasindan ve yapilan yerlesimin tiirbinlerdeki akimi etkilememesi gerektiginden dolay1 ¢cok daha
genis bir alanda kurulur bu sebeple diger enerji santralleriyle kiyaslandigindan daha fazla yer
kaplamaktadir. Riizgar enerji santralleri, gelisen teknoloji ile giderek etkileri azalsa da, dnemli 6lgiide
giriiltii kirliligine sebep oldugundan dolay1 ya yerlesimin olmadigi ya da giiriiltiiniin ¢ok az
hissedilecegi ve bunun yaninda 6zellikle kuslarin go¢ rotalari lizerinde olmayan yerlere kurulmaktadir
(Seyed Alavi vd., 2022). Son yillarda hem riizgar enerji santralleri gii¢ kapasitelerinde hem de diinya
riizgar enerjisi kurulu giiciinde, bolgesel ve kiiresel gapta verilen tesviklerin etkisi ile, %10’ un tizerinde
bir artis vardir ki bu oranlar ile en hizli biiyliyen yenilenebilir enerji kaynagi olmustur (DOE, 2022).

Biyomimikri, canli sistemlerin ¢alisma ve tasarim prensiplerini gézlemlemeye, anlamaya ve taklit
etmeye dayanan bir yaklasimdir. Temelinde ise doganin karsilastig1 sorunlarin birgcogunu zaten ¢dzmiis
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oldugu fikri yatmaktadir ve giinlimiizde tiptan mimariye, milhendislikten spora kadar bir¢ok farkli
alanda biyomimikriden faydalanilmaktadir (Benyus, 2002). Yiiksek hizli trenlerin tiinel girislerinde
karsilastig1 giiriiltii ve ses patlamalar gibi olumsuzluklar, balik¢il kuslarinin gaga formunun trenlere
uyarlanmasi ile ¢oziilmiistiir (Krylov & Bedder, 2015). Kambur balina yiizgeglerinde bulunan ve yiizme
esnasinda tiirbiilans iireten tiimsekler balinalara enerji tasarrufu saglamaktadir. Bu tiimsekler riizgar
tiirbini kanatlarina da uygulanmis ve bu kanadin daha verimli oldugu goriilmiistiir (Bagsak & Demirhan,
2017). Baykus tim kuslar igerisinde en seSsiz ugusu gergeklestiren kustur. Bunu saglayan sey
kanatlarimin yapisidir. Baykus kanadinin 6n kismindaki tiiyler tipki bir taragin disleri gibi diizgiin bir
sekilde dizilmis tirtikl1 yapiya sahiptir. Kanadin arka kismindaki tiiyler ise esnek yumusak ve araliklidir.
Ayrica kanatlarin biiylik ve genis olmasi kanatlara binen yiik miktarin1 azaltmakta ve diisiik hizda bile
daha az kanat ¢irparak ugmalarina imkan saglamaktadir (Rao vd., 2017).

Rao ve digerleri (Rao vd., 2017) baykus kanatlarinin sessiz uguslarindan etkilenip kanat formunun
tirtikl1 yapisinin kanat modeline uygulandigi biyomimetik bir tasarim yapmislardir. Kuvvet iretimi ile
ses bastirma arasinda iligki oldugunu bulmuslar, tirtikli kenarlarin diiz kenarlara kiyasla 15°°den kiigiik
hiicum agilarinda aerodinamik performansinin azaldigini gostermisler. 15°’den biiyiik hiicum agilarinda
hem giiriiltii azaltma hem de yiiksek aerodinamik performans elde edildigini goésteren c¢aligma
yapmiglardir. Srivastav ve Ponnani (Srivastav & Ponnani, 2011) yiizey modifikasyonu olan ve olmayan
bir ugak kanadi modelinin aerodinamik 6zelliklerinin karsilastirmasini igeren bir ¢alisma yapmiglardir.
Ele alinan yiizey modeli disa ve ige doniik gukurluklardir. Farkli hiicum agilarinda modifiye edilmis
kanat modellerinin kaldirma ve siirliklenmesindeki varyanslari gosteren hesaplamali akiskanlar
dinamigi (HAD) sonuglarina c¢alismalarinda yer vermislerdir. Bu g¢alisma bir golf topunun
stiriiklenmesini azaltan ¢ukurlarin bir ugagin kritik stall agisini da artirip artirmayacaginin arastirilmast
tizerine yapilmigtir. Calismada kullanilan kanat profili, kanat profilinin uzunlugu boyunca tek tip enine
kesite sahip NACA-0018’dir. Disa dogru ¢ukur igeren NACA-0018 kanat profilinin akis yapisinin
yoniinlin degisiminde etkili oldugu goriilmiistiir. Disa dogru olan c¢ukurlar, iz boyunun en aza
indirilmesine ve dolayisiyla basing direncinin azalmasina neden olmustur. Yuvarlak sekilli gukur yapilar
kullanilarak gergeklestirilen analiz sonuglarinda ise yiizeylerde daha ¢ok tiirbiilans olusturup sinir
tabakas1 ayrilmasii geciktirdigi ve girdap olusumunu azalttigi tespit edilmistir. Kevadiya ve Vaidya
(Kevadiya & Vaidya, 2013) NACA-4412 profilini kullanarak tiirbin kanadinin aerodinamik verimliligi
iizerinde farkli hiicum agilarinda ¢aligmalar yapmislardir. Kanat profilinin iki boyutlu geometrisi
olusturulduktan sonra 1x10° Reynolds sayist i¢in 0° den 12° ye kadar hiicum agilarinda kaldirma ve
stiriiklenme katsayist degerleri incelenmistir. Analiz sonuglarinda C,/Cp orani katsayis1 8° ye kadar
hiicum agisindaki artigla artis yaptigi, 8° den sonraki hiicum agilarinda artis oldukga C/Cp oraninin
azaldig1 goriilmiistiir.

Tian ve digerleri (Tian vd., 2017) uzun kulakli baykus kanatlarindan ilham alarak riizgar tiirbini kanadi
tasarlamak i¢in biyonik bir yontem gelistirmislerdir. Tipik riizgar hizlar1 ve dogal kosullar altinda riizgar
tirbini verimlilik deneyleri gergeklestirmislerdir. Kanat profillerinin yani sira kanatlarin aerodinamik
Ozelliklerini incelemek i¢in sayisal analiz yontemi kullanmislardir. Biyonik kanat profilinin {istiin bir
kaldirma katsayisina ve durma performansina yol agtigini bu nedenle de riizgar tiirbini kanadinin
performansini iyilestirmede faydali olacagini gostermislerdir. Zhang ve digerleri (Ge vd., 2013) baykus
kanadi temelli bir slat (ugak kanadinin hiicum kenarindaki kumanda yiizeyi) tasarimi yapmislar. Ag¢ik
ve kapali slata sahip {i¢ boyutlu modeller diisiik tiirbiilansli riizgar tiirbininde kaldirma etkisini
gozlemlemek i¢in test edilmistir. Acik slatin diisiik hiicum agilarinda bir riizgarlik gibi galigirken yiiksek
hiicum agilarinda geleneksel bir slat gibi ¢aligtigi goriilmiistiir. Ayrica agik haldeki slatin durma agisini
ve maksimum kaldirma katsayisini artirdigi sonucuna ulasilmistir. Uzun, ve digerleri (Uzun vd., 2022)
riizgar tiirbini kanat performansini iyilestirmek i¢in kanat profilinin ucuna kanatc¢ik ve sonsuz kanat
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eklenerek sayisal ve deneysel analizler yapmislardir. Kanat ucuna eklenen sonsuz kanat yapisinin
boyutuna bagli olarak iiretilen gerilim iizerinde degisimler oldugunu gozlemlemislerdir. Baykus
kusunun kanat yapisindaki kivrimlardan esinlenerek kavisli kanat yapisi olusturmuslar ve sabit kanatla
kiyaslandiginda kavisli kanat yapisinin tiirbin verimliliginde faydali oldugunu goérmiislerdir. Kanat
yapisinin arka kismina da dogadaki canlilardan esinlenerek farkli boyut ve mesafelerde c¢entikler
olusturmuslar ve performanstaki degisimini arastirmislardir. Centikli kenar sayisinin artmasiyla tiretilen
enerji degerinin azaldig1 goriilmiistiir.

Song ve digerleri (Song vd., 2021) mart1 kanadi formunda riizgar enerjisi doniistiirme cihazinin tasarimi
ve optimizasyonu g¢alismasini yapmuslardir. Bu g¢alisma riizgar enerjisinin kullanimini artirmak ve
aerodinamik performansi iyilestirmek icin yapilmistir. Mart1 kanat profilinin biikiilme seklini riizgar
tiineli deneyi ve sayisal simiilasyona dayali olarak optimize etmislerdir. Optimizasyon c¢alismalari
sonucunda kanat profilinin merkezi olarak biikiilmesine karar vermisler ve merkezi biikiimlii kanat
profilinin diger kanat profillerine kiyasla optimum aerodinamik performans: sergiledigini
gostermislerdir. Khan ve Padhy (Khan, 2021) yusuf¢uk kusunun kanat formundaki kivrimlardan ilham
alarak V bicimli yivlerin bulundugu biyonik bir kanat tasarimi yapmislar ve bu tasarimi NACA0015
profili ile aerodinamik oOzellikler bakimindan kiyaslamiglardir. Yusufguk kanadi formlu tasarimin
kivrimli yapisinin  diisiik Reynolds sayilarinda daha iyi aerodinamik performans sergiledigini
gostermislerdir. Rosa ve digerleri (Rosa vd., 2022) yatay eksenli riizgar tiirbini i¢in muz yapragi
morfolojine dayali yeni bir kanat profili tasarimi yapmuslar ve siiziillme orani degerini incelemislerdir.
Muz yapragi kanat profilinin yiiksek siiziilme orani {irettigini ve diisiik Reynolds sayilarinda kullanima
uygun oldugu sonucuna ulagmiglardir. Bu kanat profilinin riizgar hizinin diisiik oldugu yerlerde yatay
eksenli riizgar tilirbini lizerinde ¢alisabilecegini gostermislerdir.

Baykus kanat yapisi sebebi ile sessiz bir ugus gergeklestirirken daha az kanat ¢irparak diisiik hizlarda da
ucabilmektedir. Yapilmis ¢alismalar incelendiginde kanat formunun u¢ kisimlarinda, akigin kanat
formundan ayrildig1 bélimlerde biyonik tasarimlar gergeklestirildigi goriilmiistiir. Kanat formunun st
yiizeyinde, akigin yilizeyle temas ettigi bolimde bir galisma gergeklestirilmedigi goriilmiistiir. Bu
calismada baykus kanatlarinin diizenli ve tirtikli olan tily yapilarindan ilham alinmig ve tiirbin
kanatlarina uygulanmigtir. Biyonik ve biyonik olmayan tiirbin kanadimin kaldirma ve siiriiklenme
katsayist oranlar1 (C/Cp) incelenmistir.

2 Modelleme

NACA kanat profilleri ya da aerofoiller diimen, kanat, yelken, pervane kanadi, rotor veya tiirbin gibi bir
akiskan icerisinde hareket ettiginde kaldirma kuvveti olusturan nesnelerin kesiti seklinde
tanimlanmaktadir. Bu c¢aligmada tiirbinlerde kullanilan kanat profilinden biri olan NACA-4412
kullanilmigtir. Profile ait koordinatlar bulunmus ve daha 6nce yapilmis bir ¢alismadan yardim alinarak
kanal acilmadan 6nceki model i¢in yapilan analizlerin dogrulugunu kontrol edebilmek amaciyla yapilan
calismadaki degerler kullanilmistir. Bu ¢alisma yardimu ile en/boy orani 3 olarak belirlenmis buradan
yola ¢ikarak kord uzunlugu yani hiicum kenari (akisin yiizeyle ile karsilastigi yer) ve firar kenari (akisin
yiizeyden ayrildigi yer) arasindaki mesafe 0,1 m, kanat boyu ise 0,3 m olarak belirlenip ardindan ¢
boyutlu modellemesi yapilmigtir (Karasu vd., 2018).

Biyonik model ise baykus kanadi formundan esinlenilerek, ti¢ boyutlu modellemesi yapilmig olan kanat
profiline belirli mesafe ve kalinlikta kanallar agilmistir. Kanal genislikleri 12 mm ve kanal derinlikleri
kanat profilinin ylizeyinin %10 oraninda kiiciiltiilmesiyle tiim yiizeyde 5 tane olacak sekilde 40 mm
mesafe ile yeni model olusturulmustur.
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Sekil 1: Kanat modelleri perspektif goriiniisler

Analizler hesaplamali akigkanlar dinamigi yazilimi aracihigiyla yapilmis ve her iki modelde de k-
tiirbiilans modeli kullanilmigtir. Akigkan tipi hava olarak belirlenmistir. Coziim alani, akisin girdigi
boliimiin genisligi 30 kord boyuna esit, yiiksekligi 20 kord boyuna esit akisin kanat boyunca devam
ettigi uzunlugun ise kanat boyundan 20 kord boyu kadar fazla olacak sekilde belirlenmistir. Kanalsiz
modelin akig alam1 belirlenirken akis simetrik oldugundan yar1 govde kullanilarak akis alani
olusturulmustur ve ¢oziimler de zamandan bagimsiz yapilmistir.

Hesaplamalarin yapilmasinda esnasinda program tarafindan arka planda yonetici denklemler olarak
Reynolds sayisini, kaldirma katsayisini, siiriikleme katsayisini, siireklilik denklemini veren esitlikler ile
Navier-Stokes denklemleri, Denklem (1-5), kullanilmaktadir.

__ p*VxL  VxL

R
e o »

)

Reynolds denkleminde, Denklem 1, yer alan p kg/m® cinsinden akiskanin yogunlugunu, V m/s olarak
akiskanin hizini, L m olarak akisin gerceklestigi yiizey uzunlugunu, x4 akiskanini dinamik viskozitesini
(Pa.s) ve v ise m?/s cinsinden dinamik viskozitesini belirtmektedir.

Kaldirma katsayist ve siiriiklenme katsayist degerleri Denklem 2-3’e¢ gore program tarafindan

hesaplanmaktadir.
F
C, = m (2)
2
F
=1 s ©
2

FL kaldirma kuvveti, Fp siiriklenme kuvvetini, S kanat yiizey alanini, p kg/m® cinsinden akiskanin
yogunlugunu, V m/s olarak akigkanin hizin1 géstermektedir.

Denklem 4’te yer alan siireklilik denkleminde % yogunlugun zamana bagli degisimini, pu sinir

kosullarinda net kiitle taginimini ifade etmektedir.

g—’: + V(pu) (4)
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Denklem 5’teki Navier-Stokes denkleminde VP i¢ basing biiyiikliigiinii, § m/s? cinsinden yer ¢ekimi
ivmesini, 4 akiskanin1 dinamik viskozitesini (Pa.s) gostermektedir. Denklemin sag tarafinda bulunan
p*g dis kuvvetleri, u « VI i¢ gerilim kuvvetlerini ifade etmektedir. Denklemin sol tarafinda
bulunan (17 * V))I_/) ifadesi akiskanin hareketini ve yoniini ifade etmektedir.

pg+(l7*6)l7]=—V’P+p*§+y*ﬁ*l7 (5)

Ornek makalede NACA-4412 modeli kullanilarak ii¢ boyutlu akis analizi, farkli Reynolds sayilar1 i¢in
iki farkl: tiirbiilans modeli kullanilarak gergeklestirilmis, farkli hiicum agilari igin sonuglar elde edilmis
ve bu degerler deneyler sonucunda elde edilen verilerle karsilastirilmistir. Kullanilan Reynolds sayilar
2,5x10%, 5x10* ve 7,5x10* seklindedir (Karasu vd., 2018).

Yapilan analizlerde ise k-o tiirbiilans modeli degerleri kullanilmistir. Her iki model i¢inde dort yiizlii ag
yapisina sahip olan hacimsel a§ modeli kullanmilmistir, Sekil 2. Referans modelde yaklagik 840000 ag
mevcuttur. Kanal agilmis kanat modelinde ise 704800 ag bulunmaktadir. Tiim analizlerde y+ degeri
1’den kiigiiktiir.

c) d)

Sekil 2: Referans model ag goriintiisii a) profil b) iist ve Kanalli model ag goriintiisii ¢) profil d) iist

3 Analizler ve Degerlendirme

Dogrulama degerleri daha dnce yapilmis bir makaleden alinarak referans modelin sonuglar1 Tablo 1 de
verilmistir. Kanat profilinin yaklagik olarak 15° de maksimum kaldirma katsayisina ulastigi yapilan
analizler sonucunda bulunmustur. Kanadin 20°’lik agida net sonuglar vermedigi goriilmiistiir ve bu
derece kanadin stall yaptigi ac1 olarak belirlenmistir ve Tablo 1’de gosterilmistir. Tablo 1°de goriildiigii
gibi referans model ve incelenen makalenin kaldirma katsayisi ve siiriklenme katsayilar birbirlerine
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yakin ¢iktigindan referans model i¢in bulunan sonuglar dogru kabul edilip kanalli model i¢in analizler
tekrarlanmistir. Analiz sonuglar1 Tablo 1’de verilmistir. Kanalli modelde Reynolds sayisinin 2,5x10*
oldugu durumda kaldirma katsayis1 ve siiriiklenme katsayisi degerinde diisiis oldugu goriilmektedir.
20°de ise kanadin stall’a girmedigi goriilmektedir. Kanalli modelde Reynolds sayisinin 5x10* ve 7,5x10*
oldugu durumlarda siiriiklenme katsayisindaki diisiis ¢ok degismemesine ragmen kaldirma katsayinda
artig oldugu goriilmiistiir.

Tablo 1: Analiz sonuglar

Re Hiicum Dng ulam.a Referans Model Kanalli Model
Degerleri
Sayisi Agisi
CL Co CL Cob CL Co
- 8 0,615 0,096 0,639 0,083 0,579 0,017
o
:>§ 12 0,884 0,126 0,631 0,124 0,653 0,016
o
20 Stall Stall Stall Stall 0,621 0,012
8 0,615 0,096 0,695 0,081 0,618 0,017
% 12 0,884 0,126 0,871 0,122 0,825 0,016
n
20 Stall Stall Stall Stall Stall Stall
- 8 0,615 0,096 0,708 0,081 0,643 0,016
o
:>§ 12 0,884 0,126 0,887 0,122 0,856 0,015
~
20 Stall Stall Stall Stall Stall Stall
Tablo 2: Kaldirma ve siirtiklenme katsayisi oranlart
CL/Cp Oranlan
Reynolds Sayisi Hiicum Acisi Referans Model Kanalli Model
8 7,69 34,05
S 12 5,08 40,81
o
o 20 Stall 51,75
8 8,58 36,35
3 12 7.14 51,56
)
20 Stall Stall
8 8,74 40,19
2 12 7,27 57,06
.
~ 20 Stall Stall

Tablo 2’de referans model ve kanal agilmis modeller kiyaslanmistir. Kanal agilmig modelin analiz
yapilan tiim Reynolds sayilarinda kaldirma katsayisi/siiriiklenme katsayisi orani daha yiiksek ¢ikmustir.
Referans modelde stall agis1 20° olarak belirlenmistir. Kanal agilmis model i¢in Reynolds sayisinin
2,5x10* olmas1 durumunda stall agisinin 20°nin iizerinde oldugu goriilmiistiir.

Tablo 3’te Reynolds sayisinin 2,5x10% 5x10% ve 7,5x10* oldugu durumlarda 8, 12 ve 20 derece hiicum
acilarinda referans modele ve kanalli modele ait kanat modellerinin 6nden goriiniislerine ait hiz 6lgegi
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ve hiz alanlar1 dagilimlan verilmistir. Tablo 3 ve Tablo 4’te Reynolds sayismin 2,5x10* ve hiicum
agisinin 8 oldugu gorseller incelendiginde her iki model iginde akis hizinin hiicum ve firar kenarinda
en diisiik degerlere sahip oldugu goriilmektedir. Kanadin iist ylizeyinde kirmizi renkle gosterilen
bolimde hizin en yiiksek oldugu boliimler gosterilmistir. Bu bolgelerde akis hizinin serbest akim
hizindan daha yiiksek oldugu goriilmektedir. Kanalli modelin 6n tarafindaki yukar1 akim bdlgesinde
akis hizinin daha yiiksek seviyelere ulastigi goriilmektedir. Tablo 3 ve Tablo 4’te Reynolds sayisinin
2,5x10* ve hiicum agisinin 12° oldugu gorsellerde kanalli modelin hiicum kenari iistiinde bulunan renk
konturlar1 akig hizinin referans modele gore daha yiiksek oldugunu géstermektedir. Tablo 3 ve Tablo
4’te Reynolds sayisinin 2,5x10* ve hiicum agisinin 20° oldugu gorsellerde referans modelde tiirbiilans
olustugu goriiliirken kanalli modelde tiirbiilans olusumu goriilmemektedir.

Tablo 3 ve Tablo 4’te Reynolds sayisinin 5x10* ve hiicum agisinin 8’ oldugu gorseller incelendiginde
kanalli modelin hiicum kenar1 iist boliimiiniin daha yiiksek hizlara ulastigi goriilmektedir. Tablo 3 ve
Tablo 4’te Reynolds sayisinin 5x10% ve hiicum agismin 12° oldugu gorseller incelendiginde kanalli
modelin hiicum kenar1 {ist boliimiinde akis hizinin serbest akim hizindan daha yiiksek oldugu
goriilmektedir. Tablo 3 ve Tablo 4’te Reynolds sayisinin 5x10* ve hiicum agisinin 20° oldugu gérseller
incelendiginde her iki modelde tiirblilans olusumu goriilmektedir. Tablo 3 ve Tablo 4’te Reynolds
sayisinin 7,5x10* ve hiicum agisinin 8° oldugu gorseller incelendiginde hiicum ve firar kenarlarinda akis
hizinin en diisiik degerlerde, kanallt modelin hiicum kenar iistiinde referans modele gore daha yiiksek
akis hizlar1 oldugu goriilmektedir. Tablo 3 ve Tablo 4’te Reynolds sayisinin 7,5x10* ve hiicum agisinin
12" oldugu gorseller incelendiginde kanalli modelin {ist yiizeyinde daha yiiksek akis hizina ulagildigi
goriilmektedir. Tablo 3 ve Tablo 4’te Reynolds sayisinin 7,5x10* ve hiicum agisinin 20° oldugu gorseller
incelendiginde her iki modelde tiirbiilans olusumu goriilmektedir. Kanalli modelin hiicum kenar1 iist
yiizeyinde akis hizinin referans modele gore daha fazla oldugu goriilmektedir.
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Tablo 3: Farkli Re sayilar: ve hiicum agilarinda referans ve kanalli modeller i¢in hiz alanm dagilimlar

Re | Hiicum
Referans Model Kanalli Model
sayisi acgis1
Velocity: Magnitude (mis)
@.0000 1.1608 22000 33000 4.4600 55660
|
< |y BB ]
o
—
| _ _
o . '
N N
o \
= ]
Velogity. Magnitude (mifs)
60680 24685 4.8500 72060 36060 12.660
B e e
) _
<
o
—
| --
m o
N
— \
) -
(V]
Velocity: Magnitude (m/s)
66660 2.6065 72666 16.806 14465 18665
[ L D R
) -
<
o
—
| --
L o
~ o~
N \
) _
N
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Tablo 4: Farkli Re sayilart ve hiicum agilarmda referans ve kanalli modeller igin hiz alam dagilimlarinin iistten

goriintisleri
Re | Hiicum - I - .
Referans Model Ustten Goriiniis Kanalli Model Ustten Goriiniis
sayisi | agist
Velooty: Mognitude (m/s)
|| ’m
©
<
o
—
= .
L 5
N [q\]
—
[=
N
Velooty: Magnitude (mfs)
[ .
©
<
o
S |
x
n o
o I
—
[=
N
Velocity: Magnitude (m/s)
|
©
<
o
—
x
0
™~ ~
—
[=
(V]
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4 Sonuclar

Reynolds sayisinin 2,5x10* degerinde hiicum agisiin 8° oldugu durumda C/Cp oraninin kanal agilan
modelde 4,42 kat1 arttig1 ve 12°°de kanalli modelde C/Cp oraninin 8,03 kat arttig1 goriilmistiir. 20° de
ise referans modelde stall durumu s6z konusuyken kanal a¢ilmis model daha kararli bir yapida olup
¢oziim gerceklestirilebilmistir. C/Cp oran1 51,75 olarak hesaplanmistir. Reynolds sayisinin 5x10%
degerinde hiicum ag¢isinin 8° oldugu durumda C/Cp oraninin kanal agilan modelde 4,23 kat1 arttig1 ve
12°’de kanalli modelde C./Cp oraninin 7,22 kat arttig1 goriilmiistiir. Her iki modelde 20° hiicum agisinda
stalla girip ¢dziim gerceklestirilememistir. Reynolds sayisinin 7,5x10* degerinde hiicum agisinin 8°
oldugu durumda C./Cp oraninin kanal agilan modelde 4,6 kat1 arttig1 ve 12°’de kanalli modelde C./Cp
oraninin 7,84 kat arttigr goriilmiistiir. Her iki modelde 20° hiicum acisinda stalla girip ¢6ziim
gerceklestirilememistir.

Bu sonuglardan diisiik Reynolds sayisinda kanat profilinin kanal agilmig hali ile daha biiyiik hiicum
acilarinda daha kararli bir yapiya sahip olabildigi goriilmiistiir. Sonlu hacimler yontemi kullanilarak
hesaplamali akiskanlar dinamigi yazilimi aracilifiyla ¢oziimleri gerceklestirilen modellerden kanal
acilmis olanmin daha biiylik Reynolds sayilarinda daha verimli oldugu sonucuna ulasilmistir. Bu
sonuglar yapilan ¢alismalarda belirtilen hiicum agilar1 ve Reynolds sayilari igindir. Bu durumun
genellenebilmesi igin daha detayli ¢alismalar yapilmalidir.
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0z

Kamlar, donme hareketini, izleyici vasitasiyla oteleme ya da salimim hareketine doniistiirmek
amaciyla 6zel olarak imal edilen elemanlardir. Bu donme hareketinin izleyici vasitasiyla mekanik
bilesenlere aktardigi hareket kusursuz bir zamanlama gerektirmektedir. Bu nedenle kam
yiizeylerinde olusabilecek asinma, bu kusursuz zamanlamayi bozacaktir. Kam ve izleyici
yiizeylerinin temasi, yag filmi ile engellenmelidir. Temas yiizeylerinin uyumsuz olmasi nedeniyle
burada hidrodinamik yaglamanin 6zel bir formu olan elastohidrodinamik yaglama durumu ortaya
cikmaktadir. Elastohidrodinamik yaglama (EHL) kosullarinda (agir yiik altinda, uyumsuz yiizeyler
arasindaki degme) yag filmi olusumu, elastik deformasyonlar ve viskozitenin artan basingla
biiyiimesi sayesinde miimkiin olabilmektedir. Boyle iki ylizey arasindaki yag filmi kalinligini
hesaplamak icin ¢esitli nlimerik analiz yontemleri gelistirilmigtir. Bu ydntemlerin teorik temeli
Reynolds diferansiyel denklemi, viskozite-basing denklemi ve elastik deformasyon denklemlerinin
miigterek ¢oziimiine dayanmaktadir. Bu calismada kam ve izleyici yiizeyi arasinda olusan
elastohidrodinamik yag filmi kalinhigi, Hamrock-Dowson yaklasimi yardimiyla hesaplanmaya
calistlmustir.

Anahtar Kelimeler: Kam, elastohidrodinamik yaglama, film kalinlig1.

Contact Analysis of Cam Profiles and Elastohydrodynamic Oil
Film Thickness

ABSTRACT

Cams are specially designed elements to convert rotational motion into translational or oscillatory
motion through the follower. The movement that this rotational movement transfers to the
mechanical components via the follower requires perfect timing. For this reason, wear that may
occur on the cam surfaces will disrupt this perfect timing. The contact of the cam and follower
surfaces should be prevented with an oil film. Since the contact surfaces are incompatible,
elastohydrodynamic lubrication, a special form of hydrodynamic lubrication, occurs here. Under
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Kam Profillerinin Degme Analizi ve Elastohidrodinamik Yag Filmi Kalinhgi

elastohydrodynamic lubrication (EHL) conditions (under heavy load, contact between incompatible
surfaces), oil film formation is possible due to elastic deformations and the growth of viscosity with
increasing pressure. Various numerical analysis methods have been developed to calculate the oil
film thickness between two such surfaces. The theoretical basis of these methods is based on the
joint solution of the Reynolds differential equation, viscosity-pressure equation and elastic
deformation equations. In this study, the elastohydrodynamic oil film thickness formed between the
cam and the follower surface was tried to be calculated with the help of the Hamrock-Dowson
approach.

Keywords: Cam, elastohydrodynamic lubrication, film thickness.
1 Giris

Elastohidrodinamik yaglama (EHL), daha ¢ok sirt sirta vermis (uyumsuz) egrisel ylizeyler arasinda s6z
konusu olan ve degme alaninda olusan elastik deformasyonlarla birlikte viskozitenin basingla degisimini
de g6z Oniine alan bir hidrodinamik yaglama tiiriidiir (Hamrock vd.,2006). Bilindigi gibi artan basingla
birlikte yagin viskozitesi hizla biiylimektedir. Hem biiyiiyen viskozite hem de taginan agir yiikiin boyle
kiigiik degme alanlarinda sebep oldugu yerel deformasyonlar yag filmi olusumunu, beklenenin aksine,
Kolaylastirmaktadir. Ancak bu yag filmi gok ince olup mertebe olarak ortalama 10 mm dolayindadur.
Ayrica deforme olmus es yiizeylerin nihai sekli yag filmini de bi¢imlendirmektedir. Yiik altindaki kuru
(yagsiz) iki egrisel yiizey arasinda karsiliklt deformasyonlardan sonra ortaya ¢ikan yeni ortak yiizey
cogunlukla diizlemsel degildir. Diizlemsel bir degme alan1 ancak biitiin mekanik ve geometrik 6zellikleri
ayni olan (esdeger) iki kiire veya iki silindir arasinda olabilir. Eger elastisite katsayis1 E — o olursa
veya yiik sifirsa iki kiire arasinda bir nokta ve iki silindir arasinda bir ¢izgi degmesinden s6z edilebilir.
Ancak gercekte, deformasyonlardan otiirii noktasal degme bir daire alanina, ¢izgisel degmede bir
dikdortgen alanina dontisiir. En biiytik elastik (agir yiiklerde plastik) ¢okme ortada olacagindan degme
basinci da ortada en biiyiik olacaktir. Elastik sinirlar i¢inde bu tiir degmelere Hertzien degmeler
denmektedir. Degme alanmin boyutlari, degme alani igindeki gerilmeler ve basing dagilimi Hertz
bagintilariyla elde edilebilmektedir. Fries ve Rogers (1988) kam ve izleyici degmeleri i¢in basit aginma
simiilasyonlar1 olusturmuslardir. izleyici devrini dikkate almamislar ve izleyici iizerinde bir noktanin
kamin bir turu boyunca kars1 yiizey boyunca kaydigi mesafenin hertzien degme genisligi ile orantili
oldugunu gostermislerdir. Hertzian teorisine benzer bir yaklasimla basinci hesaplamiglardir. Bell vd.
(1988), kinematik bir analizle, elastohidrodinamik ve sinir yaglama gegisini ifade ederek izleyici
tarfindaki asinmay1 hesaplamislardir. Ilk olarak H.M.Martin 1916’da  diizlem-silindir geometrisini
analiz etmistir. Martin, yiiksek gerilim altindaki elastohidrodinamik degmelerde olusan, hidrodinamik
yag filminin mevcudiyetiyle ilgili ¢alismalarinda elde ettigi sonuglarin deneysel sonuglardan farkli
oldugunu gozlemlemistir. Bu eksik tanimlamalardan otiiri yaklasik yirmi y1l boyunca yaglanmis
uyumlu yiizeyler tizerindeki teorik ¢alismalardan olumlu sonuglar elde edilememistir. Bunun nedeni
Martin’in, sabit yaglayici viskozitesi ve kat1 simirh yiizeyler kabulleri ile analizini simirlandirmus
olmasidir. Daha sonra yapilan g¢alismalarda elastik deformasyonlarin fark edilmesi ve akiskan
viskozitesinin basingla degistiginin gézlenmesi giiniimiizde kullandigimiz niimerik elastohidrodinamik
bagntilarina ulasmamizi saglamustir. 1949 yilinda ise A.N.Grubin film kalinlig1 hesabina hem elastik
deformasyonun hem de basinca bagli viskozitenin etkisini dahil ederek, elastohidrodinamik yaglamanin
ilk adimini atmistir.

Grubin de, kam ve disliler gibi uyumsuz yiizeyler {izerindeki yag kalinlig1 hesabina yagin viskozite-
basing degisimini ve yiizeylerde meydana gelen elastik deformasyonun etkisini dahil etmistir. Yalniz
elastik deformasyonun yaglamasiz, kuru ylizeylerdeki deformasyon ile ayni kabul edildigi varsayimini
yapmistir. Bunun sonucunda ortaya ¢ikan film kalinliginin, hidrodinamik teoride ortaya ¢ikan film
kalinligina gore bir iki basamak daha biiyiik oldugu goriilmiistiir. Ayrica Grubin, basincin Hertzien
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zonunun ¢1kis bolgesinin yakininda dikkate deger ikinci bir maksimum ¢ikis yaptigini gostermistir. EHL
degmenin bu karakteristikleri hirodinamik ve elastik denklemlerin de ¢6ziime dahil edilmesiyle
Lacobson (1991) tarafindan da teyit edilmistir (Lacobson, 1991). O zamandan beri elastohidrodinamik
degme konusunda ¢ok sayida analitik ve deneysel caligmalar yapilmistir.Houpert ve Hamrock
elastohidrodinamik ¢izgi degme igin bilyilk basing degisimleri altinda niimerik analizin
gelistirilebilecegini ve elastik deformasyonun dogru olarak saptanabilecegini gostermistir.

Elastohidrodinamik yaglamada, yaglayici icinde meydana gelen basing 0,5 Gpa ve 4,0 Gpa ve minumum
film kalinlig1 107" m mertebesindedir. Yiiksek basingtan 6tiirii yaglayici piezoviskoz ozellikler sergiler.
Cogu yaglayicilarda viskozite artan basingla beraber hizli bir sekilde artar. Bununla birlikte yiiksek
basinglara sebep olan biiylik yiiklerin uygulanmasi, degme yiizeylerinde o©nemli bolgesel
deformasyonlara sebep olur. Deformasyonun etkisi yag filminin bigimini degistirir (Cameron, 1966).
Soejima, vd. (1997) kam ve izleyicinin yaglanmasi konusunda deneysel g¢aligmalar yapmiglar ve
sonuglari malzeme kombinasyonu, yaglayici katkilar1 ve yag deliginin konumu agisindan
degerlendirmislerdir. Soejima, vd. (1994) siirtiinme ve asinma karakteristiklerine degme yiikiiniin,
yiregin donme hizinin, malzeme ve yaglayici 6zelliklerinin etkisini aragtirmislardir. Shigley ve Uicker
(1995) cogu basit mekanizmalar i¢in yerdegistirmeyi, kayma hizlarin1 ve degme yiiklerini tahmin
edebilmek i¢in kapali form ¢oziimler gelistirdiler. Glovna ve Spikes (2001) kam ve izleyici hareketinin
elastohidrodinamik film kalinlig1 tizerindeki etkilerini incelemislerdir. Cheng (1982) yiirek ve izleyici
aginmasini yiik, hiz ve malzeme 6zellikleri itibariyle ele aldig1 caligmasinda tiim bu kompleks faktorlerin
neticesi olarak ortaya ¢ikan ylizey yorulmasini yiirek ve izleyici sisteminin arizalarinda en baskin neden
olarak ortaya koymustur.

2  Metodoloji

Bu calismada kamin izleyici vasitasiyla aktardigi iki tanimli hareket (basit harmonik hareket ve sikloidal
hareket) ve kamin ti¢ farkli devir sayisi igin Hamrock-Dowson yaklagiminin ¢izgi degme durumundaki
niimerik ¢alismalarla ortaya koydugu film kalinligi denklemi yardimiyla, kam ve izleyici arasindaki film
kalinlig1 hesaplanmistir (Hamrock ,1994). Kam malzemesi i¢in piring alagimi, izleyici malzemesi olarak
da gelik secilmistir. Kam ve izleyici temasinda ¢izgisel degme s6z konusudur. Sekil 1. de bir kam ve
izleyici temasinin, kamin 90° ve 180° dontisii sonundaki konumlar1 gorterilmistir. Cizgi degme durumu
icin Hamrock-Dowson yaklagimina gore boyutsuz film kalinligi denklem 1 ile verilmistir.

Sekil 1. Kamin 90° ve 180° doniisii neticesindeki izleyici hareketi (Keskin, 2012)

Hin = 22202y ®
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Boyutlu film kalinlig1 ise denklem 2 ile ifade edilmistir. gy boyutsuz film kalinlig1 parametresi olup,
piezoviskoz elastik rejim i¢in denklem 3 ile hesaplanir.

hmin = Hpin-R (2)

g boyutsuz viskozite parametresidir ve denklem 4 ile hesaplanir.

G.w3/2
gV = Ul/2 (4)

gr boyutsuz elastisite parametresidir ve denklem 5 ile hesaplanir.

w
95 = iz (5)

Bu denklemlerdeki hmin (wm) minimum film kalinlig1, R esdeger yarigap, E’ efektif elastisite modiili,
Ex kam malzemesinin elastisite modiilii, E; izleyici malzemesinin elastisite modiilii, U = ny.u,./E'.R

boyutsuz hiz parametresi, Ur yuvarlanma hizi (m/sn), 1, (Pa.s), p=0 ve sabit sicakliktaki mutlak

F

viskozite, G = a.E’ boyutsuz malzeme parametresi, a (Pa®) basing-viskozite katsayisi, W = TR

boyutsuz yiik parametresidir. Elastohidrodinamik yag filmi hesabinda farkli yaklasimlar mevcuttur. Bu
calismada Hamrock-Dowson yaklagimi ile film kalinligi hesaplanmaya c¢alisilmistir. Kam ve izleyici
temasinda ¢izgi degme s6z konusudur. Esdeger yarigap, izleyici diiz yiizeyli oldugundan kam yarigap1
olan 40 mm alinacaktir. Kayma yolu genisligi(L), kamin kalinligi olan 10 mm’dir. Elastisite modulii
Denklem 6°da ve kam, izleyici ve yaglayiciya ait sayisal degerler Tablo 1°de verilmistir.

Tablo 1: Calismada Kullanilan Kam, Izleyici ve Yaglayici parametreleri

Kam IZeyici  |Yaglayict
Malzeme Piring HSS
Elastisite moduli (Gpa) 106 208
Poisson oraniv 0,3 0,324
Yarigap (mm) 40 0
Viskozite basmg katsayisi (o)) (Pa™) 2,1.10°
Mutlak viskozite Mo (Pa.s)
0,04
Efektif elastiklik modiilii
1 1[1-92 | 1-97
i e ©

1 1[1—0,3242 1-0,32

L ] E' = 156 GPa
208 106

E' 2
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Tablo 2: Farkll devir sayilar icin yuvarlanma hizlart ve boyutsuz hizlar

R=40 mm
E' =156 GPa n=350 d/dak i¢in n=610 d/dak. | n=1000 d/dak.

Yuvarlanma hizi

(Ur)(misn)

2.m.R.n 1,466 2,555 4,188
60

U, =

Boyutsuz hiz
U=nyu/E".R

9,397.1012 1,637.1011 2,685.1011

Boyutsuz malzeme parametresi
G=akE =271.108156.10° = 3276

Boyutsuz yiik

F

W=F/E"R.L =15 ool

=1,6.10"8.F

2.1 Kamin Dakikada 350 Tur Yapmasi Durumundaki, Yiike Bagh Film Kalinhg Denklemi

Denklem 4 ve 5’de sirasiyla boyutsuz viskozite ve elastisite parametreleri malzeme, yik ve hiz
parametrelerine bagimli olarak, kuvvet ¢arpani olarak asagidaki gibi yazilabilir.

Boyutsuz viskozite parametresi

G.W3/2 _ 3276.(1,6.1078F)*"?

— -3 3/2
U7 = (o307 0y = 2164107

gv =

Boyutsuz elastisite parametresi

W 16107%F
9E = Y172 = (9,397.10-12)1/2

=5,219.1073.F

Piezoviskoz elastik rejim ig¢in boyutsuz film kalinlig

I Hmin=2,65.g0%*.9%°°=7,036.10"2 (F0814 F0.06)

Minumum film kalinlig

Fimi __ FO81 4 [0,06
Hpin = V’V’”" .U =4,132.1075, =
Boyutlu film kalinlig

F0,81+F0,06

hmin = Hmin-R = 1,652 10_6.

2.2 Kamn Dakikada 610 Tur Yapmasi Durumundaki, Yiike Bagh Film Kalinhig1 Denklemi

Boyutsuz viskozite parametresi
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G.W3/2 3276.(1,6.1078F)3/2

— — — -3 3/2
9 ="Jir 637 10Tz = L63B107F

Boyutsuz elastisite parametresi

W 16107 F
9E = 12 = (1,637.10-11)1/2

=3,954.1073.F

Piezoviskoz elastik rejim igin boyutsuz film kalinlig

IHmin=2,65.g0%* g0 =5,94.102 (F0814 F0.06)

Minumum film kalinlig1

F0,81 + F0,06

F

Hypin = g*;’v"i" .U = 6,085.1075.

Boyutlu film kalinlig

6 F0.81 +F0,06

Rumin = Hmin- R = 2,434.1076.

2.3 Kamin Dakikada 1000 Tur Yapmasi Durumundaki, Yiike Bagh Film Kalinhigi Denklemi

Boyutsuz viskozite parametresi

G.W32 3276.(1,6.1078F)*/”
Uz (2,685.10711)1/2

gy = =1,282.1073. F3/2

Boyutsuz elastisite parametresi

w 1,6.1078.F

— — — -3
95 = Gi7i = g5 10-Tyi7E = H088. 107 F

Piezoviskoz elastik rejim i¢in boyutsuz film kalinligi

I Hmin=2,65.g0%*.g%°=51,39.1073 (FO81+ F0.06)

Minumum film kalinlig

) 0,81 4 0,06
Hyppp = 2HMI% 17 — 8,624.1075. -
Boyutlu film kalinligi
0,81 0,06
hmin = Hpin R = 3,45. 10_6'%
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2.4 Film Kalmhgmn Farkh Devir sayilari icin Kuvvete Gore Degisimi

350 d/dak, 610 d/dak ve 1000 d/dak i¢in film kalinliklarini hesaplayabilecegimiz denklemler, kuvvete
bagli olarak yukarida ifade edildi. Kamin izleyiciye yaptirdigi tanimli hareketler olan basit harmonik ve
sikloidal hareket i¢in ilgili kinematik iligkilerden faydalanarak mekanizma {izerindeki kuvvet iligkisini
yazabiliriz (Waldron vd., 2004), (Dyson, 1980), (Purmer 1985). iticinin arkasina yerlestirilen bir basi
yay1 yardimiyla baglangigta 30 N luk bir 6n yiiklemeye maruz kaldigini varsayip, etkili olan normal
kuvveti, 6n yiikkleme kuvveti, yay kuvveti ve atalet kuvvetlerinin toplami olarak denklem 7°de verildigi
tizere hesaplanabilir (Dickrell, 2003), (Gecim, 1988), (Rothbart, 2003).

E,=F;+k.s+m.a (7)

Ifade basit harmonik hareket egrisine sahip yiirek profili icin konum (s) ve ivme (a) parametreleri igin
denklem 7°de yerine yazilacak olursa denklem 8 elde edilir. Denklem 8’deki e, dairesel kamin geometri
merkezinin, ddnme merkezine uzaklig1 olan kagiklik olup 6 mm olarak kabul edilmistir.

Burada k, iticinin arkasina yerlestirilen basi yayinin yay katiligi olup, 20N/mm olarak kabul edilip, k.d
ifadesi On yiiklemeyi tanimlamakta ve 30 N olarak belirlenmistir. Agisal hiz ise w=2nn/60 denklemi ile
rad/sn olarak hesaplanir. Kamin déonme agisi ise derece cinsinden 6 agisidir.

Fy=k.d+k.e.(1—cosf)+m.e.w?.cosb (8)

Daha sonra kamin izleyiciye yaptirdigi hareketin sikloidal hareket olmasi durumu i¢in denklem 7’°de
konum (s) ve ivme (a) parametreleri yerine yazilirsa denklem 9 elde edilir.

b _1

Fy=hd+kH (o —=.

. 2 . E
sm29)+m.w .(stG.ﬂ).H 9
Denklem 9’daki H ifadesi kamin izleyiciye yaptirdigi harekete ait stroktur.

3  Bulgular ve Tartisma

Kam iizerinde 30° lik agilarla boliinmiis noktalardaki kuvvet biiyiikliiklerini basit harmonik hareket igin
denklem 8 ifadesinde, sikloidal hareket i¢in denklem 9 ifadesinde, 3 farkli devir sayis1 i¢in hesaplanmis
degerleri tablo 3’de verilmistir. Oncelikle basit harmonik harekete sahip kam ile izleyici arasinda, 1 tam
tur hareketi boyunca olusacak film kalinlig1 degerleri farkli devir sayilart igin Sekil 2°de verilmistir.

=
o
—_—

mikronmetre)
[l

s

g T~

[ Y e e S I
L1

c
Egji . Kammn devir sayis: 350 d/dak
E03 - = Katun devir sayis1 610 d'dak
ng | Kamm devir sayis: 1000 d/dak
0 ' ! ! T T T T 1
0 50 100 300 350 400

I(an'll?ﬁnmezg%m {dgﬁgce]

Sekil 2: Basit harmonik profilli kamin (yiiregin) farkli devir sayilarinda olusan film kalinliklar
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Tablo 3: Kamin her 30°lik doniisiinde etkili olan toplam kuvvetler

Ac1 (%) Basit harmonik hareket icin | Sikloidal hareket i¢in toplam

toplam kuvvet F, (N kuvvet Fn (N)

n=350 [n=610 | n=1000 | n=350 n=610 n=1000

d/dak d/dak d/dak d/dak d/dak d/dak
0 40,269 | 61,19 113,83 (30 30 30
30 54,97 73,09 118,67 | 48,24 71,31 129,35
60 95,134 | 105,60 | 13191 | 88,24 111,31 | 169,35
90 150 150 150 150 150 150
120 204,866 | 194,40 | 168,09 |211,76 | 188,69 | 130,65
150 245,03 | 226,91 |181,33 | 251,76 | 228,69 | 170,65
180 259,731 | 238,81 | 186,17 | 270 270 270
210 245,03 | 226,91 |181,33 |251,76 | 228,69 | 170,65
240 204,866 | 194,4 168,09 | 211,76 | 188,69 | 130,65
270 150 150 150 150 150 150
300 95,134 | 105,6 131,91 | 88,24 111,31 | 169,35
330 54,97 73,09 118,67 | 48,24 71,31 129,35
360 40,269 | 61,19 113,83 |30 30 30

Sikloidal harekete sahip kam ile izleyici arasinda, 1 tam tur hareketi boyunca olusacak film kalinlig
degerleri farkli devir sayilar1 i¢in Sekil 3. de verilmistir.

2.5 +
Kamm devir sayis: 350 d/'dak
o o Katmin devir sayist 610 d/dak
& 2 -
E Kamm devir sayis: 1000 d/dak
5
= 15 -
: \//
2 o1
=
™ \ /
—
E o5 -
=
] T T T T T T T 1
o 50 100 150 200 250 300 350 400

Kam dénme agisi (derece)

Sekil 3: Sikloidal profilli kamin (yiiregin )farkli devir sayilarinda olusan film kalinliklar:

Sekil 2 ve Sekil 3’deki sonuglart inceledigimizde 6ne ¢ikan ilk veri kamin harekete basladiktan 180 °
sonraki konumunda ortaya ¢ikan yiik miktar1 maksimum degerine ulasmakta iken film kalinlig1 degeri
350 d/dak igin, basit harmonik hareketi veren kam profilinde %32,81, sikloidal hareketi veren profilde
ise % 37,98 azalmakta, 610 d/dak igin basit harmonik hareketi veren kam profilinde % 32,76, sikloidal
hareketi veren profilde ise % 37,98 azalmakta, 1000 d/dak i¢in de basit harmonik hareketi veren kam
profilinde % 8,97, sikloidal hareketi veren profilde ise % 37,97 azalmaktadir. Burada ilk 6nemli bulgu,
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film kalinlig1 denklemine baktigimiz da yiik ile iliskisi de bunu gostermektedir ki yiik miktar1 arttikca,
film kalinlig1 diissmektedir. Kamin devir sayis1 350 den 1000 d/dak ya yiikselirken, atalet kuvveti her ne
kadar biiyiikliik olarak artmakta iken isaret olarak 90° ve 270° araliginda toplam yiike negatif olarak
etkidiginden dolay1 toplam normal kuvvet biiyiikliigli azalmakta, dolayistyla film kalinlig1 artmaktadir.
Ancak devir sayilarindaki bu artisa oranla, basit harmonik hareketi veren kam profili icin yiikiin
maksimum oldugu (180°) ve minumum oldugu (0°) noktalar arasindaki film kalinlig1 farki 350 d/dak
icin %37.98, 610 d/dak i¢in %32,76 ve 1000 d/dak i¢in de 9%8,97 olarak belirgin bir sekilde diiserken,
ayn sartlardaki sikloidal hareketi veren kam profili i¢in bu oranin neredeyse sabit kalip degismedigi
gozlenmistir.

4 Sonugclar

Bu ¢aligmada piring alagimindan yapilmis ve izleyiciye aktardagi tanimli hareketin, basit harmonik ve
sikloidal hareket olmak tizere ilgili geometrige sahip 2 farkli kam profilinin 350 d/dak, 610 d/dak ve
1000d/dak daki ii¢ farkli devri sonucunda, kam ve izleyici arasinda olusan film kalinlig1 hesaplanmaya
calisildi. Boyutlu film kalinlig1 denklemlerinde gordiigiimiiz tizere film kalinlig1 yiike ve devir sayisina
bagli olarak degismektedir. Basit harmonik hareketi ve sikloidal hareketi veren kam profilleri iizerinde
olusan maksimum toplam yiik, kamin harekete baglama noktasindan 180° sonraki konumunda
olugmaktadir ve film kalinlig1 denklemine gore de yorumlayabilecegimiz gibi ilgili devir sayisi igin artan
yiike bagli olarak, film kalinligr en diisiik degerini vermektedir. Ancak tablo 3 de, ilgili tanimh
hareketlerin 350 d/dak, 610 d/dak ve 1000 d/dak devirleri boyunca olusan kuvvet toplamlarin
inceledigimizde, kamin 0°-90° ve 270°-360 arasinda toplam kuvvet degisimi devir sayisi arttikca dogru
orantili olarak artmakta, kuvvet artmakta iken film kalinliginin diismesi beklenirken aksine film kalinlig
da artmaktadir. Film kalinlig1 denklemi incelendiginde ise, bu denklemin sadece yiike degil ayn
zamanda hiza da bagimli oldugu ve artan devir sayisiyla birlikte hiz katsayisinin da biiylimekte
oldugudur. Bu durumda film kalinlig1 denkleminde tek bagimli degiskenin yiik olmadigi hiz artiginin da
film kalinligin1 artiran yonde etkisi oldugunu Sekil 1 tizerinde de agiklayabiliriz. Yine Tablo 3’deki
toplam normal kuvvet sonuglarini inceledigimizde kamin hareketinin 90°-270° arasindaki konumunda
ise toplam kuvvet, artan hiza gore diismektedir. Sekil 1 tizerinde gozlemledigimiz sonug ise beklenildigi
gibi azalan ylike bagli olarak film kalinliginin artmasi seklindedir. Burada ilging bir diger husus ise 90°
ve 270° araligindaki yiik degerleri 0°-90° ve 270°-360° araligindaki yiik degerlerine oranla daha fazladir
ve beklenildigi gibi biiyiik yiik degerlerinde film kalinliginin azalmasi gerektigi savini desteklemektedir.
Tiim bu veriler birlikte degerlendirecek olursak, film kalinligi hesabinda, yiikiin yaninda hizin da katkis1
oldugudur. Hizin denklem i¢indeki etkisi ise kuvvetin belli bir biiyiikliigiin altinda kalmas1 durumunda
On plana ¢ikmaktadir. Bu ¢calismada, mekanizmanin taniml olmasi sartiyla, kuvvet parametresinin farkl
konumlar i¢in de hesaplanabildigi durumlarda, yag filminin hesaplanabilecegi goriilmiistiir. Kam profili
iizerinde, degisen yiik ve hiz bilesenlerine gore film kalinliginin kritik degerlerinin altina indigi noktalari
tayin ederek bu yiizeylerin asinma riski ile yliz yiize gelecegi tahmin edilip, gerekli iyilestirmelerin
yapilabilmesine imkan saglanmis olacaktir.

5 Beyanname

5.1 Rakip Cikarlar

Bu ¢aligmada herhangi bir ¢ikar ¢atismasi yoktur.
5.2 Yazarlarin Katkilar

Sorumlu Yazar ilknur KESKIN ONER: Makale igin fikir gelistirilmesi,literatiir arastirmast,
makalenin yazilmasi
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ilknur KESKIN, Omer SAVAS

Kam Profillerinin Degme Analizi ve Elastohidrodinamik Yag Filmi Kalinhgi

2. Yazar Omer SAVAS: Literatiir arastirmasi, makalenin sonuglarinin yorumlanmasi, gozden
gecirilmesi
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ABSTRACT

Maritime traffic is a socio-technical system that requires the collaboration of many elements such
as stakeholders, equipment, environment, and technology. The workload for stakeholders in marine
traffic has increased due to the growing number of monitored ships in coastal areas, as well as the
variety and amount of operations. This study aims to conduct a comprehensive analysis of workload
studies conducted in the maritime domain, encompassing all stakeholders. In doing so, the goal is
to reveal changes over the years, identify collaborative areas, and enhance the understanding of the
concept. The Scopus and Web of Science (WoS) databases were used as the data collection tool. A
search was conducted with keywords associated with the concept of ‘workload in maritime,' leading
to the analysis of 372 relevant documents. VOSviewer Bibliometric Data Analysis Tool and
MAXQDA Analytics Pro 22 Software were employed in the analyses. After the data from the two
databases were combined, it was found that the authors with the most publications (P) and citations
(C) in this field are Murai K. (P-41; C-200), Hayashi Y. (P-30; C-196), and Okazaki T. (P-15; C-
82). With 56 publications, Japan is in first place, followed by the US (39), China (35), and the UK
(27). Additionally, Japan and the US are two countries in collaboration. Among the commonly used
terms in this research are mental workload, vessel, safety, performance, human factors, tiredness,
simulator, and physiological measuring techniques including heart rate, nasal temperature,
Electroencephalography (EEG), and salivary amylase. In workload studies, psychosocial variables
were most prominently expressed in 2021. While the analysis of workload studies indicates a focus
on “mental workload” studies involving Vessel Traffic Services Operators (VTSOs), research
related to seafarers, cadets, marine pilots, and ship masters is seen to dominate this field which is
“bridge team”.
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Bibliometric and Qualitative Analysis of Workload Studies in the Maritime Sector

Denizcilik Sektoriindeki Is Yiikii Cahsmalarmn Bibliyometrik ve Nitel
Analizi

0z

Deniz trafigi, paydaglar, ekipman, gevre ve teknoloji gibi bir¢ok unsurlarin birlikte ¢aligmasini
gerektiren sosyo-teknik bir sistemdir. Kiy1 bolgelerinde izlenen gemi sayisinin artmasi,
operasyonlarin cesitlili§i ve miktar1 nedeniyle deniz trafigindeki paydaglarin is yiikii de artmustir.
Bu ¢aligma, denizcilik alaninda yiiriitiilen ig yiikii ¢caligmalarinin tiim paydaslari kapsayacak sekilde
kapsamli bir analizini yapmay1 amaglamaktadir. Veri toplama aract olarak Scopus ve Web of
Science (WoS) veri tabanlari kullanilmistir. 'Denizcilikte is yiikii' kavramiyla iligkilendirilmis
anahtar kelimelerle yapilan arama sonucunda 372 akademik yayin elde edilmistir. Analizlerde
VOSviewer Bibliyometrik Veri Analizi Aract ve MAXQDA Analytics Pro 22 Yazilimi kullanilarak
bibliyometrik ve nitel veri analizi yapilmistir. Buna gore, belirtilen alanda en ¢ok yayin (Y) yapan
ve atif (A) alan yazarlarin Murai K. (Y-41; A-200), Hayashi Y. (Y-30; A-196) ve Okazaki T. (Y-
15; A-82) oldugu goriilmiistiir. 56 yayinla Japonya birinci sirada, onu sirastyla ABD (39), Cin (35)
ve Ingiltere (27) izlemektedir. Ayrica, Japonya ve ABD bu arastirma alaninda is birligi yapan iki
iilkedir. Yaygin olarak kullanilan terimler arasinda mental is yiikii, gemi, emniyet, performans, insan
faktorii, yorgunluk, simiilator ve kalp hizi, nazal sicaklik, elektroensefalografi (EEG) ve tiikiirik
amilaz1 gibi fizyolojik dl¢lim teknikleri bulunmaktadir. Psikososyal degiskenlerin en fazla 2021
yilinda calisildig1 gériilmektedir. s yiikii ¢alismalarinda, deniz trafik operatdrlerinin "zihinsel is
yiikii" ¢aligmalar olsa da bu alanda gemi insanlari, stajyerler, kilavuz kaptanlar ve gemi kaptanlari
gibi "kopriiiistii ekibi" ile ilgili aragtirmalarin baskin oldugunu goriilmektedir.

Anahtar Kelimeler: Denizcilik, is yiikii, bibliyometrik analiz, VOSviewer, MAXQDA

1 Introduction

Workload is generally defined as the ratio of task load and demands in the workplace to the available
resources (Altay, 2018). It can be a combination of physical, mental, environmental, positional, and
administrative factors. Transportation, distance, etc. constitute the elements of physical workload;
calculations, decision-making, communication, memory, and research are the mental factors;
temperature, lighting, noise, and vibration are environmental factors; the posture of the back, arms, legs,
and head represents positional factors, while organizational factors form administrative workload
(Dagdeviren et al., 2005; Ozcelik, 2011). However, it can have different classifications based on the
specific areas of work. For example, for a teacher, insufficient preparation time, administrative
paperwork, school meetings, and lesson plans can contribute to workload factors (Sugen, 2010). On the
other hand, for academics, workload components may include time pressure, demands for academic
performance, and family factors (Oztiirk, 2019).

Workload studies are carried out across various sectors involving human presence, including
engineering (Ildiz, 2019; Ozcelik, 2011; Dagdeviren et al., 2005), education (Sugden, 2010; Oztiirk,
2019; Houston, 2006), logistics (Briiggen, 2015), tourism (Atik, 2015), health (Carayon, 2005; Young,
2008), and transportation domains such as air, railway, and maritime (Murai, 2004; Fan and Smith,
2017; Edwards et al., 2017). Numerous variables, including situational awareness (Edwards et al., 2017),
job satisfaction (Houston, 2006), performance and well-being (Sugden, 2010; Briiggen, 2015; Bowling
et al., 2015; Fan and Smith, 2017), and turnover intention (Araslar, 2021), have all been linked to
workload. The data indicates that workload has a negative impact on both physical and psychological
well-being (Bowling et al., 2015) and is a strong predictor of occupational stress (MacDonald, 2003).
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Furthermore, the literature acknowledges that stress and workload are contributing factors to human
errors (human performance) (Lee, 2010; Brookhuis et al., 2010; Fan and Smith, 2017; Tao 2019).

In the maritime industry, it has been found that the human factor accounts for 89.5% of accidents
(EMSA, 2022). Therefore, it is true that addressing the human factor is essential to maintaining maritime
and navigational safety (IMO, 2023). In the context of maritime studies, it is evident that workload is
linked to variables such as stress (Kari et al., 2022), excessive fatigue (Andrei et al., 2020; Remmen et
al., 2017; Bal et al., 2015), burnout (Wan et al., 2023), time pressure (Cui et al., 2021), situational
awareness (Okazaki et al., 2016), and performance (Barsan et al., 2007; Schuffel et al., 1989; Bal et al.,
2015). Similar to various other disciplines such as psychology, business and management,
environmental science, medicine, etc. bibliometric studies are undertaken in maritime studies to
understand research trends, identification of impactful publications and authors, and analysis of
relationships within the field (Bashan, 2022; Podsakoff et al., 2008; Bashan and Cetinkaya, 2022; Tran
et al., 2019). For instance, bibliometric studies in the field of maritime research have explored topics
such as maritime accidents (Gil et al., 2020; Demirci and Elgigek, 2023; Cao et al., 2023), autonomous
ships (Chaal et al., 2023; Li et al., 2023), seafarer's health and stress (Sharma, 2021; Jiang et al., 2023),
port and maritime transport (Chen et al., 2018; Munim and Saeed, 2019) and maritime cybersecurity
(Bolbot et al., 2022; Yu et al., 2023). However, there appears to be a lack of bibliometric studies
specifically focusing on the concept of workload in the maritime domain.

This study aims to look into how the idea of workload on humans is discussed in the literature in the
marine industry, where the human factor holds a significant role. To gain a broader perspective on the
studies in this field, bibliometric relationships were analyzed using the VOSviewer program, and textual
relationships were conducted using the MAXQDA program. With this study, the goal is to fill the void
in the literature by conducting a comprehensive examination of the concept of workload in the maritime
sector, encompassing all its stakeholders.

2 Research Methodology

In this study, the Scopus and Web of Science (WoS) databases were used as data collection tools.
Searches were conducted using the following keywords to obtain workload studies on all maritime
stakeholders:

TITLE-ABS-KEY (workload AND (seafarer OR master OR captain OR maritime OR vessel OR
ship OR marine* OR bridge OR "vessel traffic" OR VTS OR pilotage OR pilot OR "tug boat"
OR "tugboat™" OR "helmsman" OR "fisherm*" OR fishery OR fisheries OR "ferry captain™)

It was noticed that the keywords were leading us away from the concept of workload in maritime. This
is because the words 'master' and 'pilot' evoke expressions related to both education and aviation
industries. Additionally, the word 'vessel' and “port” frequently appears in nursing and computer studies
respectively. Therefore, the keywords were finalized by adding some new terms using the AND NOT
command, as shown below.

TITLE-ABS-KEY (workload AND (seafarer OR master OR captain OR maritime OR vessel
OR ship OR marine* OR bridge OR "vessel traffic’ OR VTS OR pilotage OR pilot OR "tug
boat" OR "tugboat" OR "helmsman" OR "fisherm*" OR fishery OR fisheries OR "ferry
captain™) AND NOT (aviation OR air* OR aerial OR comput* OR flight OR "pilot stud*"
OR "pilot test*" OR nurs* OR education OR "master's degree" OR slave OR "pilot trial"
OR "blood vessel" OR patient OR hospital OR "master surgery” OR "pilot project™))
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Additionally, due to the presence of still unrelated publications, irrelevant papers were manually
excluded by reading their abstracts from the sample of the study. The study includes all articles,
conference papers, reviews, and other publications having English abstracts. As a result, Figure 1 shows
data acquisition, the initial stage of the investigation for the search results carried out on 22 April 2023
for Scopus and 25 April 2023 for WoS.

Excluded with .
SCOPUS Excluded with manually by The Duplicates

— M M N= 1395 = databa d.
N= 7897 AND NOT reading abstracts N=314 we; me:d_ were remove
> » > > nea72

N=1032 N=197

gl
ag
L

Figure 1: Data Acquisition Steps

After providing descriptive statistics for the merged dataset, it was transferred to VOSviewer for
bibliometric analysis and to MAXQDA Qualitative Data Analysis programs for word frequency and
relational analysis. VOSviewer is a program designed to facilitate the visualization and analysis of
bibliometric maps. It can be utilized to create maps of authors, journals, keywords, and citation networks
(van Eck and Waltman, 2010). MAXQDA as the software for both qualitative and quantitative methods
allows lots of analysis options such as frequency tables, word coding, crosstables, word combinations,
and mapping (MAXQDA, 2023). The analyses conducted with these programs are illustrated as shown
in Figure 2.

Bibliometric Analysis Steps Qualitative Analysis Steps
(VOSviewer) (MAXQDA)

Most Profilic Authors Word Frequency

Author Collaboration Map Lol Ean il

Word Combination

Most Cited Documents Word Combination Map

Conencted Documents Based on Citation

Code Relations Browser

Figure 2: Analysis Steps of the Study
3 Results and Discussion

The first study was carried out in 1973, according to the pattern of investigations by year shown in
Figure 3. In the last ten years, over half of the studies conducted during the previous fifty years have
been completed. Six workload studies in the maritime industry have been carried out as of the first
quarter of 2023.
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Figure 3: Number of Documents per Year
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Figure 4: Language of Documents Figure 5: Type of Documents

When Figures 4 and 5 are analyzed, it is observed that out of the publications obtained, 356 of them are
in English, while 6 are in Chinese and 3 are in German. Furthermore, among the documents, 198 are
articles, while 155 are conference papers.

65;(1796)""
! 4

= Scopus ® WoS
307; (83%)

Figure 6: Type of Sources

3.1 VOSviewer Analysis

The VOSviewer tool was used to analyze the data set in the second step of the study for bibliometric
analysis. This leads to the observation that 861 distinct authors are included in the studies. With 41
articles, Murai K. is the most prolific author in this discipline, as seen in Figure 7. Hayashi Y. (30),
Okazaki T. (15), Kitamura K. (14), Mitomo N. (11), Hikida K. (10), Wakida S. (10), Fuhushi K. (9),
Yoshimura K. (9), Miyado T. (7), Stone L. C. (6), Liu Y. (6), and Wang J. (5) are the players who come
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behind him. Figure 7 also displays the years during which authors conducted their research.
Accordingly, it is evident that Murai K. and Okazaki T. have a predominant concentration of work in
the early 2010s, contributing to their highest number of publications.
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Figure 7: Authors of Documents by Years

Collaborative author groups with at least five publications are shown in Figure 8(a) and Figure 8(b). It
is evident that authors who publish frequently also establish cooperative author organizations. We may
infer from Figure 8(b) that authors Wang and Nishizaki had more publications after 2018, but authors
Hayashi, Murai, and Okazaki had more publications between 2010 and 2016.
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Figure 8(a): Author Collaboration Map Figure 8(b): Author Collaboration Map by Years
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Looking at the affiliations of the authors, Japan comes in first place with 56 publications, followed by
the US (39), China (35), UK (27), Norway (20), Australia (16), Sweden (13), the Netherlands (11),
Germany (11), Singapore (11), Canada (10), Denmark (10), and Croatia (10). Moreover, Figure 9(a)
clearly shows that authors from "Japan and the US", "the UK, South Korea, Turkey", "Australia, Canada,
and Singapore," and "China, Denmark, Croatia, Spain, and Finland" have collaborations. As for Figure
9(b), we can state that collaborations, particularly from 2018 onwards, are more prominently led by
China, Singapore, and Turkey.
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Figure 9(a): Country Collaboration Map Figure 9(b): Country Collaboration Map by Years

We acquired 170 papers, shown in Figure 10, by identifying publications that received at least 5 citations
in order to understand the distribution of citations. Out of all of these, the study on fishing activities by
Gislason H. (2000) has garnered the most citations, with 176 references. However, it is clear that
Wadsworth's (2008) study, which looks at the health and fatigue status of seafarers, has gotten the most
citations when viewing the studies within the context of 372 publications in relation to their citations,
as shown in Figure 11. When the titles of other studies in the link are examined (studies by Oldenburg,
Akamangwa, Baumler, Andrei, Pauksztat, etc.), it is evident that the research area referenced in the 372
studies revolves around the health, welfare, fatigue, sleep conditions, rest hours, working environment,
and their effects on seafarer.

s

moveno (2022

W(.‘":!S\ @
zhang g. (2016) "

Soranmery O

yan (2019)
i1slam r (2018b)

2andegRIRNSy

Payes (2018
o Erech MMRI2009)
g e

@ hen g (2018)

bukhari a.c. (2013)

orsever (2022)

wadsworth e.j.‘k. (2008)
N

iy A
2 bronkowsk
o v.all(ZO-Z'I? : 6‘"‘“’% » v
glsla (2000) . .
i ‘lv ;‘,regori&!(m%p

-

Figure 10: Most Cited Documents
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Murai K. is the author with the most citations (C), totaling 200, when the analysis is viewed from the
perspective of the authors. Within the context of the 372 documents, the citation count for authors which
represents the strength (S) of the author is reaches 115. Following him are Hayashi Y. (C-196, S-105),
Okazi T. (C-82, S-6), Kitamura K. (C-38, S-47), and Mitomo N (C-50, S-13).
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Figure 11: Connected Documents Based on Citation

3.2  MAXQDA Analysis

In the third step of the study, the analysis was conducted using the MAXQDA Qualitative Data Analysis
software along with summaries of 372 articles. The abstracts, along with the merged Excel file, were
transferred to the MAXQDA, as illustrated in Figure 12. The analyses conducted through this program
are explained below under separate headings.
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3.2.1 Word Frequency

At this stage of the study, word frequency analysis has been conducted to identify the most frequently
recurring words. Using a stop list, 832 terms that don't have any real substance were eliminated,
including "and, or, other, I'm, have, here vs." Afterwards, a separate list was produced using terms from
the 37,968 words that appeared at least ten times. The initial 37 words prior to editing are seen in Figure

13.
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Figure 13: Word Frequency — Before Editing

At this point, terms that were believed to communicate the same idea were combined with plural-
singular expressions and words that came from the same root (automated, automated, automatically,
automation, etc.). A selection of the combined words is shown in Table 1.

Table 1: Merged Words in the Word Frequency

Original Words Merged Words
Officer oow
Worker Personnel, Employees

Port Harbor

Cadet Trainee

Nasal Noise

Naval Navie, Military

Seafarer Seamen, Crew, Mariner, Rating
Workforce Manpower
Questionnaire Survey

Wellbeing Welfare

As a result, Figure 14's first 50 words were obtained. Workload, ship, seafarer, maritime, and vessel
are the most often used terms when searching in the Scopus and WoS databases, leading the way.
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Nevertheless, terms that are not among our keywords - such as mental, human, safety, performance,
fatigue, operation, simulator, and stress - give some indication as to the focus of research in these areas.
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Figure 14: The Top 50 Frequently Words
3.2.2  Word Coding

For relational analyses, the top 200 words from the word frequency analysis have been coded. A core
code structure of 160 words has been formed throughout this coding process; it is shown in Figure 15.

Terms that do not have substantive significance, such as presented, subject, applied, result, confirm,
increase, capable, useful, critical, and reduce, have been left out.

According to this, some important words in the code structure are as follows: workload (437), ship (379),
work (218), seafarer (204), maritime (186), performance (170), factor (165), safety (153), mental (144),
operation (139), vessel (138), human (136), navigation (130), data (127), method (118), task (117),
simulator (114), systems (111), environment (106), time (103), onboard (101), information (98), bridge
(96), officer (94), relationship (94), operator (91), ..., wellbeing (25), interface (25), ergonomic (23),

social (23), device (23), track (22), algorithm (21), radar (18), score (17), shift (20), phase (19), NOs
(16), Electronic Chart Display and Information System - ECDIS (13).
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Figure 15: Code Cloud — 160 Words
3.2.3 Code Map

After examining the co-occurrence frequencies of the codes, the code maps were reviewed. The
locations of the codes in the code clustering map are established using a similarity analysis employing
the Classic Multidimensional Scaling Method (MAXQDA, 2022). As seen in Figure 16, 5 clusters have
been obtained based on the similarity of words being used together.

The code "mental” is more commonly addressed in research conducted in simulated environments,
whereas studies pertaining to seafarers are mostly concentrated on the areas of accidents, safety, and
human factor, according to the code clustering map. Based on the green-highlighted cluster, it can be
deduced that physiological measurements, including NO3, heart rate, saliva, and body temperature, are
part of experimental research carried out on captains, trainees, and bridge teams. The terms "Manning,"
"sleep,” "stress," and "fatigue" are used more frequently alongside the expressions "operator" and
"worker," indicating that these codes are more commonly associated with studies where data is collected
through questionnaires.

The last set of codes, which are marked in light blue, focuses on the tools used during navigation. These
terms include "ECDIS, Vessel Traffic Services (VTS), radar, ergonomic, EEG, tool, interface, visual,
communication, automation, collision, fishery." There appears to be an analysis of the connection
between workload and collision incidents, the significance of communication, and the concurrent
evaluation of decision support instruments in marine traffic, including VTS variables. Furthermore, the
relationship between VTS and local traffic is implied to be connected to the fishing included in this

group.
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3.24

While examining word co-occurrence frequencies frequently produces insightful results, understanding
the relations can occasionally be difficult. For example, it becomes crucial to look at the contexts in
which keywords like "environment” or "port" when exploring the meanings behind them. By using word
combinations to explore particular topics or ideas, we can gain a deeper comprehension. By examining
these situations, we can see how words are employed in combination with one another and gain insight

mental

simulator

rate
heart .variability
navigator
physiological
.nasal pilot
@ temperature

salivary

' captain

Word Combination

into their meanings.

When looking at word combinations that are repeated ten times or more, Figure 17 displays the word
cloud for the first 81 of those combinations. The combination "Mental workload" stands out with 264
instances, suggesting that assessing mental workload is a major component of the workload concept in
marine situations. It may be concluded from these findings that the primary goal of these investigations
is to evaluate mental effort. Among the most often used terms are those that deal with human factors,
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Figure 16: Code Map

human errors, situational awareness, and maritime safety.
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The term "bridge simulator” is frequently mentioned in these studies, often incorporating physiological
measurement techniques like heart rate, eye tracking, body temperature measurements, and salivary
analyses. Notably, the term "environment” is found to relate to the “work environment”, while "port"
specifically refers to the port coordinator”. Additionally, studies delve into areas that may not

prominently emerge in word analyses, such as "retirement pension™, "social support”, "food hygiene",
and "noise exposure” suggesting research into factors impacting the well-being of maritime workers.
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Figurel7: Word Combination Cloud
3.25 Word Combination Map

After encoding the locations where the most frequently repeated word combinations are found in the
text, a relationship map of these word combinations has been created. Figure 18 presents the word
combinations whose locations on the map are based on similarity ratios. It is evident from the green
cluster that research linking human error, human performance, and human factors to marine accidents
is prioritized. When looking at the light blue cluster, it is evident that studies mostly involve the
concurrent use of high workload, job demands, mental health, working conditions, seafarer well-being,
work environment, and physical workload. Furthermore, within the same cluster, we also notice the
inclusion of studies related to maritime traffic, vessel traffic services, operators' workload, decision
support tools, user interface, conflict avoidance, navigation safety, and situational awareness. The
yellow cluster encompasses studies involving physiological measurements conducted in simulators
focused on ship navigator, duty officer, and bridge teammate. The appearance of mental workload as a
separate cluster in this visual does not indicate its lack of connection with other studies. On the contrary,
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according to the connectivity map provided in Appendix 1, the intense relationships of mental workload
with all clusters may be a reason for its exclusion from any specific cluster.

3.2.6 Code Relations Browser

This tool provides a matrix table that shows which codes are frequently used together in a text, making
the relationships between codes easily visible. In this section of the study, a relational analysis of the
coded areas has been conducted over the years. The coded areas have been examined in four separate
tables, categorized as follows:

e maritime stakeholders,

e analysis technique,

e psychosocial variables such as stress and fatigue, and
e maritime domains such as port, VTS, fishery.

In order to prevent any misleading impression due to the repeated occurrence of the same code within a
document, counts have been taken by considering each code only once per document.
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3.2.6.1 Maritime Stakeholders by Years

It is noted that the phrases "officer" and "navigator" have been less common in recent years when
looking at the maritime stakeholders in past research. "Vessel traffic service operator” is the term that
is often understood when we use the term "operator,” and since 2017, study on this term has received
increased attention. Remarkably, comparatively speaking, there doesn't seem to be as much attention
focused on examining the workload of cadets, captains, and fisherman. In Figure 19, it is observed that
the maritime stakeholders provided are coded a total of 643 times within the relevant 372 documents.
As mentioned at the beginning of the section, these codings have been counted once per document. For
example, the code 'seafarer' appears in 139 documents, while ‘fisherman' and ‘cadet’ each appear in 20
documents.
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Figure 19: Code Relations Matrix - Maritime Stakeholders by Years
3.2.6.2  Analysis Techniques by Years

When examining the techniques shown in Figure 20, it is evident that the utilization of techniques like
salivary measures, body temperature, and heart rate has decreased since 2014, although scenario-based
simulator studies have increased.
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The provided methods have been coded a total of 620 times across the 372 documents. Among these,
'simulator' is the most frequent, occurring 79 times, followed by 'experiment’ with 71 occurrences. The
NOs; measurements, which we started to observe from the year 2012, have the least repetition with 10
occurrences. Following this, EEG measurements, which started to be underutilized in studies from 2016,
follow with 15 occurrences. It should be mentioned that starting in 2020, there appears to be less of a
tendency to adopt questionnaire approaches.
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Figure 20: Code Relations Matrix - Analysis Techniques by Years

3.2.6.3 Psychosocial Variables by Years

Regarding emotional experiences centered on workload-related studies in the marine sector, as shown
in Figure 21, a total of 287 section codes have been awarded. Only 21 codes were found in investigations
done prior to 2000; however, in the recent ten years, there appears to have been a greater concentration
in this area. Studies on psychosocial emotions such as "stress," "fatigue,” and "well-being" have
increased, despite a decline in codes pertaining to human physiological aspects since 2017. In
comparison to previous years, there are more studies conducted in this field, particularly in 2021. The
psychosocial difficulties encountered during the pandemic period may be the cause of this. Furthermore,
a noteworthy result is the lack of significant research conducted on the specified topics in the 1990s.
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Figure 21: Code Relations Matrix - Psychosocial Variables by Years
3.2.6.4 Maritime Domains by Years

Figure 22 indicates that while there have been few research on Vessel Traffic Service, there has been a
more steady trend since 2019. It was noted that from 1996 to 2011, there were more research studies on
"manning.” In total, the relevant codes have occurred in 831 instances, with VTS and ergonomic
keywords being the least frequently encountered research areas, each with 17 repetitions. The years with
the highest number of occurrences for the relevant codes are respectively 2019 (63), 2020 (62), 2021
(61), and 2018 (60). The increase in studies related to fishermen from 2016 onwards might be due to the
evaluation of the connection with VTS in the studies. The most frequently mentioned codes at that part

are “maritime”, "vessel," "onboard," and "bridge." This suggests that most research on workload in the
maritime industry focuses on ship crew members.
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Figure 22: Code Relations Matrix — Maritime Domain by Years
4 Conclusions

In the discipline of marine studies, maritime accidents and their causes have long been a popular and
extensively explored subject. The likelihood that these incidents may cause large financial and
environmental damages is the main factor contributing to their prominence. Studies on the causes of
accidents conducted in the past few years have often brought attention to the human factor. The literature
frequently addresses topics like seafarer burnout, fatigue, and well-being. The idea of workload has also
received more attention in the marine literature. This research aims to investigate the way in which the
concept of workload is seen in the marine industry.

It is seen that the field of workload studies in maritime has a history spanning 50 years. Out of the
examined 372 academic studies, 41 belong to Murai K., and 30 to Hayashi Y. In terms of international
collaborations, European countries such as Finland, Spain, Croatia, Denmark, along with China, are
observed to collaborate, while Japan collaborates with the United States, and Turkey collaborates with
the United Kingdom and South Korea. Wadsworth's (2008) study, which examines the health and fatigue
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condition of seafarers, is the most cited among other works, indicating a focus on seafarers in the field.
The other highly cited studies also revolve around seafarers' welfare, sleep status, rest hours, and
working environment. In the section of word analyses, another significant finding of the study emerges.
It is evident that workload studies in the maritime domain are more focused on 'mental workload”.
Human factor, safety, performance, fatigue, simulator, and physiological measuring methods including
salivary amylase, nasal temperature, EEG, and heart rate are the expressions most commonly linked
with it.

About 80% of incidents between 2014 and 2021 happened in internal, territorial, and inland waters,
according to accident statistics (EMSA, 2022). This understanding leads to the belief that workload
analyses for vessel traffic services, which include informational services for ships, assistance with
navigation, control maritime traffic, and coordination of services such as search and rescue and piloting
in coastal areas, may be helpful in maintaining maritime safety. Research pertaining to cadets, marine
pilots, and ship masters is perceived to dominate this subject, even if bibliometric analysis of workload
studies reveals a focus on mental workload studies using VTSOs.

Remote control represents a transitional stage as ships approach becoming autonomous. Therefore,
investigating the factors influencing the workload of VTSOs providing remote assistance to vessels and
understanding how these factors may evolve in the future will enhance our comprehension and
preparedness for upcoming operational processes to ensure maritime safety.

5 Limitations

Publications not indexed in Scopus and Web of Science were excluded from the scope of this research.
Although a comprehensive keyword analysis has been conducted to include studies related to all
stakeholders in maritime traffic, it is possible that some workload-related studies were still omitted. In
bibliometric analyses, collaborative and interdisciplinary research may complicate authorship patterns.
So, changes in authorship trends over time can affect bibliometric analyses.
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0z

Bu ¢alismada Ayarli Kiitle Sontimleyicilerinin (AKS) yapisal sistem tizerinde etkileri, parametre
degisimi ve yerlesimleri dikkate alinarak incelenmistir. Cok serbestlik dereceli ¢elik konstriiksiyon
bir bina modeli i¢in tasarlanan AKS, bu bina modelinin her bir katina ayr1 ayr1 eklenerek sistem
cevaplar1 incelenmistir. Her bir kat i¢in ayr1 bir simiilasyon yapilmistir. Ayrica, kat yerlesimlerinin
yaninda parametre degisiminin etkilerini incelemek amaciyla, AKS’nin farkli kiitle, rijitlik ve
soniim parametreleri kullanilmistir. AKS parametrelerinin belirlenmesinde farkli yaklagimlardan
faydalanilmistir. Sistem cevaplari farkli depremler etkisinde analiz edilmistir. Sonuglar, AKS’nin
yerlesimi ile parametre degisimlerinin sistem performansim etkiledigi, ve iist katlara dogru AKS
yerlesimi ile yiiksek kiitle oranindaki artigin, sistem cevaplarini daha etkili bir sekilde bastirdigin
gostermistir.

Anahtar Kelimeler: Yapisal titresimler, Pasif control, AKS yerlesimleri, AKS parametreleri,

The effect of location and parameter exchange of tuned mass damper
on the structural system performance

ABSTRACT

This study investigates the effects of Tuned Mass Dampers (TMDs) on the structural system by
considering parameter variation and placement. A multi-degree-of-freedom steel construction
building model is designed by considering the parameters of the building model, and the system
responses are investigated by adding the TMD to each floor of this building model separately. A
separate simulation was performed for each floor. In addition, different values of the TMD's mass,
stiffness, and damping parameters were used to investigate the effects of different parameters
besides the story placements. Different approaches were utilized to determine the TMD parameters.
System responses were analyzed under the influence of different earthquakes. The results show that
the parameter variations with the placement of the TMD affect the system performance. The
parameters obtained at higher mass ratios in the parameter ranges determined by the placement of
the TMD towards the upper floors suppress the system responses more effectively.

Keywords: Structural vibration, passive control, TMD parameters, TMD locations, earthquake
effects.
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1 Giris

Depremler gibi dogal afetler nedeniyle yapilarda meydana gelen titresimleri 6nlemek veya azaltmak,
gerek yapi igerisinde yasayanlarin, gerekse yapinin giivenligi i¢in 6nemli bir konudur. Yapisal sistem
titresimlerini bastirmak i¢in bir ¢ok kontrol uygulamasi vardir (Aggumus & Cetin, 2018; Aggumus &
Guclu, 2020; Cetin et al., 2011; Guclu & Yazici, 2007; Leung & Zhang, 2009; Warburton, 1982). Bu
kontrol uygulamalar1 arasinda kullanilan Ayarli Kiitle Soniimleyicileri (AKS), sisteme kolayca entegre
edilebilen, basit, diisiik maliyetli ve giivenilir kontrol cihazlaridir. Yapinin kritik frekansina yakin
parametrelerle secilen AKS'ler, kiitle, yay ve soniim elemanlarindan olusan pasif kontrol cihazlaridir
(Bekdas & Nigdeli, 2011; Leung & Zhang, 2009; Mashaly et al., 2005; Warburton, 1982). AKS’ler
yapiya etki eden bir tahrik esnasinda, hareket ederek yapiy: titresimlerden korur. AKS’lerin yapisal
sistemlerin cevaplarin1 bastirmada etkili olabilmesi i¢in parametrelerinin, yerlesim yerlerinin,
sayilariin belirlenmesi gereklidir.

AKS performansinda 6nemli bir faktdr parametrelerin belirlenmesidir. Bunun igin optimizasyon
metotlar1 ve geleneksel formiiller kullanilmaktadir. Optimizasyon metotlarinda parametreler isabetli bir
sekilde belirlenebilir (Bekdas & Nigdeli, 2011; Leung & Zhang, 2009; Li et al., 2010; Miguel et al.,
2015). Fakat farkli kiitle, soniim ve rijitlik degerlerini belirlemek igin bu algoritmalarin yeniden
kullanilmasi gerekir ve bu zorlu bir siirectir. Geleneksel parametre belirleme metotlarinda ise formiil
kullanildig1 i¢in bu parametreleri belirlemek daha kolaydir. Bu kolaylik, farkli AKS kiitlelerinin
degerlendirilmesine de daha basit bir sekilde olanak saglar. Literatiirde birgok parametre belirleme
metodu vardir (Den Hartog & Ormondroyd, 1928; Leung & Zhang, 2009; Mashaly et al., 2005;
Warburton, 1982). Bu metotlarla AKS parametreleri isabetli bir sekilde belirlenebilir ve kiitle oram
degistirilerek elde edilen farkli parametrelerin etkileri kolaylikla test edilebilir. AKS’nin performansini
etkileyen bir diger faktor ise AKS’nin yapiya yerlestirildigi yerdir. AKS’ler yapinin katlarina farkli
sekillerde yerlestirilebilir (Wang, Jer-Fu & Lin, Chi-Chang, 2015). Birinci kattan son kata kadar
yerlestirilmesi, uygulanabilirlik ve performans gibi nedenlerde baglidir. Coklu AKS’lerin kullanilmasi
da yapilan ¢aligmalarda performans artigina etki etmesi bakiminda tercih edilmektedir (Fadel Miguel et
al., 2016).

Bu c¢alismada, AKS’lerin bir binanin katlarina gore nasil performans gosterdigi ve parametre
degisiminin bu performansa etkileri arastirilmistir. Sayisal simiilasyon modeli olarak 6 kath gelik
konstriiksiyon bir bina kullanmilmistir. AKS’in her bir kata ayr1 ayr1 yerlestirilmesiyle simiilasyonlar
olusturulmustur. Sistem cevaplar1 deprem tahrikleri etkisinde incelenmistir.

2  Materyal ve Metot

Bina Modeli ve AKS Yerlesimleri icin Hareket Denklemleri
Bu c¢alismada incelenen alt katli bina modeli Sekil 1a’da ve bu binaya ait AKS yerlesimleri Sekil 1b'daki

gibidir. Tim durumlar i¢in yapinin sadece yanal titresimleri degerlendirilmistir. Sekil 1’deki modellere

ait en genel haldeki hareket denklemleri agagidaki gibidir.

Mgx(t) + Cox(t) + Kox(t) = —MLxg Q)
Yer degistirme vektorii vektorii X Esitlik 1°de, sismik giris vektorii L ise Esitlik 2°de verilmistir.

x=[X1 Xz X3 X4 X5 X¢ Xq]|T 2
L=[1 1 11 1 1 1] 3)
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a} mé X6 b] me J X6

N e ey
Xd
k(i+1) / kii+1) o ﬁ
kd | fyw

0 i N S

X1
mi —_— mi —

ﬁ/l/ -y

A

| ‘

Sekil 1: a) AKS’nin olmadigi durum, b) AKS’li durum
Esitlik 1°de ifade edilen Mg, Cs ve Ky ile ifade edilen bir matrisler asagidaki gibidir (Wang, Jer-Fu &
Lin, Chi-Chang, 2015).

Mg=diag[m; ... m;...mg mq] 4)
[C14Co Cy 0 w07
—C; Cy4C3 —C3 0 :
Ci=| 0 —C¢ —Ci+cCiyp1+cg —Cy1 0 —cq 5)
: 0 —c¢ C, O
0 —Cq 0 Cq A
kik, k0 e 07
-k,  kyiks —kj 0 :
Ke=| 0 —ki —ki+kiy1 +ka —kiyr 0 —kg (6)
: - ! 0 -k kg O
0 —kq 0 kql

Parametreler, m,; ¢ = 862.85kg, mg = 803.98 kg, k; = 1.26x10° N/m, k, = 1.23x10° N/m,
c; ¢ =36.7052x10° N/m. ky =7.8618x10° (Loh et al., 2008). Bina modelinde gergeklestirilen
simiilasyonlarda incelenen kontrol durumlar1 Tablo 1°de verilmistir.

Tablo 1: AKS yerlesimleri

AKS’nin yerlestigi katlar | 1. kat | 2. kat | 3. kat | 4. kat | 5. kat | 6. kat
Kisaltmalar AKS; | AKS, | AKS; | AKS, | AKS; | AKSq

AKS parametreleri Esitlik 7,8 ve 9’daki gibi bulunur.

my = thop )
kg = rnd(foptwn)2 (8)
Cq = 2Eopt(foptwn)rnd 9)

Burada p, AKS’nin kiitlesinin yapinin toplam kiitlesine oram olan kiitle oranim, M, yapinin toplam
kiitlesini, w,, mg, kqve cq sirasiyla AKS’nin dogal frekans, kiitle, rijitlik ve soniim degerlerini
gostermektedir. fop¢ Ve §op¢ ise sirasiyla frekans orani ve soniim oranini ifade eder ve Tablo 2’deki
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parametre belirleme yontemleriyle bulunur (Connor, 2003; Den Hartog, 1947; Leung & Zhang, 2009;
Sadek et al., 1997; Warburton, 1982). Tablodaki .. yapinin 1. modunun kiitlesi ile toplam kiitlesi oranini
ifade eder.

Tablo 2: AKS parametre belirleme metotlar:

Yontem Frekans oran1 (fo ) Soniim orant (§,p¢)
1. Yontem J1-05p, ie(3 —/0.51,)
(Connor, 2003) (T+1e) 8(1+ p)(1 — 051
2. Yontem 3u
(Den Hartog, 1947) 1/ +w 8(1 + )
3. Yontem 1—pu/2 u(1— /4
(Warburton, 1982) 1+ 1A+ —u/2)
4. Yontem 1 . u £ .\ 1
(Sadek et al., 1997) 1+u ¢ 1+u 1+u (14+pu
5. Yontem L;frf;“) + (—4.9453 + 20.2319 — J u(l — u/4) & 302487
_ AT e u
41 1—u/2
(Leung & Zhang, 2009) 37.9419u)Vié + (—4.8287 + 25.0000/7)y/ié> A+ =u/2)

Mevcut sistem igin en iyi parametre belirleme metodunun belirlenmesinde yer degistirme ile ilgili
yapisal sistem performans olgiitii agsagidaki gibi uygulanir (Aggiimiis, 2022; Aggumus & Cetin, 2018;

Ohtori et al., 2004).
maX—ldi(t)|
]1 = max{ tém:xi }

Sisteme etki eden tahrik olarak Sekil 2’de goriilen El Centro ve Northridge depremleri uygulanmustir.

(10)

El Centro Northridge

Acceleration [m.’SZ]
Acceleration [m/s?]

0 20 40 60 o 10 20 30 40
Time [s] Time [s]

Sekil 2: El Centro ve Northridge depremleri ivme zaman egrileri
3 Arastirma ve Bulgular
Bu ¢alismada AKS’nin farkli parametreleriyle birlikte yapi tizerindeki yerlesimlerinin bir bina modeli

iizerindeki etkisi 6 kath celik konstriiksiyon bina modeli iizerinde yapilan
simiilasyonlarda AKS, 1. kattan baslayarak 6. kata kadar tek tek yerlestirilerek simiilasyonlar

incelenmisgtir.
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gerceklestirilmistir. AKS i¢in uygun parametrelerin hesaplanmasi igin Tablo 2’deki yontemler
uygulanmistir. Esitlik 10’daki performans 6lgitii dikkate alinarak Tablo 3 ve Tablo 4 olusturulmus ve
en uygun parametre belirleme metodu se¢ilmistir. El Centro ve Northridge depremleri etkisindeki
sistemin performans degerlendirmelerinde yer degistirme performans indeksi incelenmistir. Burada en
diisiik deger aranmistir. Bu deger AKSq yerlesimi ve yontem 4 ile elde edilmistir.

Tablo 3: El Centro depremi etkisindeki sistemin performans indeksi

Yontemler
Yerlesimler
1 2 3 4 5
AKS; 06259 | 0.5754 | 5377 | 0.6561 | 0.5405
AKS, 0.3652 | 0.3323 | (3263 | 0.3996 | 0.3271
AKS; 0.3028 | 0.2907 | (5886 | 0.2962 | 0.2887
AKS, 0.2747 1 0.2697 | (5667 | 0.2788 | 0.2669
AKSs 0.25% | 0.2540 | ¢ 5550 | 0.2641 | 0.2550
AKSg 02540 | 0.2528 | (5541 | 0.2555 | 0.2541

Tablo 4: Northridge depremi etkisindeki sistemin performans indeksi

Yontemler
Yerlesimler
1 2 3 4 5
AKS, 0.9087 | 0.9107 | 0.9158 | 0.9013 | 0.9154
AKS, 0.7894 | 0.8204 | 0.8412 | 0.7637 | 0.8398
AKS, 0.7599 | 0.7742 | 0.7740 | 0.7565 | 0.7728
AKS, 0.7743 | 0.7974 | 0.7975 | 0.7751 | 0.7972
AKSg 0.7450 | 0.7684 | 0.7715 | 0.7437 | 0.7711
AKSq 0.6961 | 0.7240 | 0.7351 | 0.6860 | 0.7343

AKS parametreleri i¢in 4. yontem kullanilmustir (Sadek et al., 1997). Kiitle oran1 0.01, 0.02 ve 0.03 igin
elde edilen parametreler Tablo 5’te verilmistir.

Tablo 5: AKS parametreleri

Kiitle orani ()

Kiitle (mg) kg

Rijitlik (ko) N/m

Soniim (cq) Ns/m

0.01 51.1823 4275.1867 93.2175
0.02 102.3646 8383.4479 259.6849
0.03 153.5469 12332.0757 470.0546

Sekil 3 ve Sekil 4’te maksimum yer degistirme ve yer degistirme rms (kok ortalama kare) cevaplari,
Sekil 5 ve Sekil 6’da maksimum ivme ve ivme rms cevaplar1 goriilmektedir.
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Sekil 3: Northridge depremi etkisindeki sistemin yer degistirme ve yer degistirme rms cevaplari

Northridge ve El Centro depremleri etkisindeki sistemin 1. kat ve 6. katinin maksimum yer degistirme
ve yer degistirme rms degerlerine ait egriler Sekil 3 ve Sekil 4’te goriilmektedir. 0.1, 0.2 ve 0.3 kiitle
oranlarinda (AKS o1, AKS o2 Ve AKS 3) biitiin yer degistirme cevaplarinda en iyi performans 0.3 kiitle
oraninda elde edilmistir. AKS genel olarak yerlesimlerinde ise iist katlara dogru performansin arttig
goriilmektedir. Bu durum rms degerlerinde daha net goriilmektedir.
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Sekil 4. ElI Centro depremi etkisindeki sistemin maksimum yer degistirme ve yer degistirme rms
cevaplari

El Centro depremi etkisinde sistem cevaplarinin yer degistirmelerinde kiitle orani etkisi iist katlara
cikildikca Northridge depreminden daha az oldugu goriilmiistiir. Fakat kiitle oranlar1 arasindaki
performans farkliliklar1 daha fazladir.
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Sekil 5. Northridge depremi etkisindeki sistemin maksimum ivme ve ivme rms cevaplari

Sistemin 1. kat ve 6. katinin maksimum ivme ve ivme rms degerlerine ait egriler Sekil 5 ve Sekil 6’da
verilmigtir. Biitiin kiitle oranlarindaki ivme cevaplarinda en iyi performans yer degistirme cevaplarinda
oldugu gibi 0.3 kiitle oraninda elde edilmistir. Genel olarak AKS yerlesimlerinde ise ivme cevaplarinda,
yer degistirme cevaplarindan farkliliklar oldugu goriilmektedir. E1 Centro depreminde ivme ve yer
degistirme egrileri benzer davranig gostermesine karsin, Norhridge depreminde bu durum farklidir. Yer
degistirme cevaplarinda iyilestirmeler dikkate alindiginda bu kabul edilebilir bir durumdur.
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Sekil 6. El Centro depremi etkisindeki sistemin maksimum ivme ve ivme rms cevaplari
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4 Sonuglar

Bu calismada AKS’nin bir bina modeli iizerinde yerlesimlerinin ve parametre degisiminin etkileri
incelenmistir. AKS’ler biitiin katlara ayr1 ayr1 yerlestirilerek simiilasyonlar olusturulmustur. Her bir
AKS yerlesimi i¢in 0.1, 0.2 ve 0.3 kiitle oranlarina bagl olarak parametre degisimi etkisinin sistem
performansina katkis1 incelenmistir. Sistem cevaplart AKS’nin olmadigi durum ile farkl
parametrelerdeki biitiin AKS yerlesimleri karsilastirilarak elde edilmistir. Tahrik olarak El Centro ve
Northridge depremleri sisteme etki ettirilmistir. Sonuglar AKS’nin yerlesimlerinde iist katlara dogru
performansin arttigini gostermistir. Fakat iist katlara dogru artis miktar1 azalarak devam etmistir. Farkli
kiitle oranlarinda parametre degisimlerine bagl olarak, kiitle orami arttikga AKS’nin performansi
artmistir. Uygulanan deprem tahrikleri etkisinde AKS’nin sistem {izerindeki titresim bastirma
yeteneklerinin degistigi goriilmektedir. Bunun nedeni, sistemin kritik frekansina gore tasarlanan AKS,
degisken frekansh tahriklerde performansinin diismesidir. Bu problem aktif ve yari aktif kontrol
uygulamalari ile agilabilir.

5 Beyanname

5.1 Rakip Cikarlar

Bu calismada herhangi bir ¢ikar ¢atismasi yoktur.

5.2 Yazarlarin Katkilar

Calismanin tamami Sorumlu Yazar Hiiseyin AGGUMUS tarafindan gergeklestirilmistir.
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ABSTRACT

The maritime sector has the potential to boost economic growth, environmental conservation, and
social inclusion, contributing not only to a country's economic development but also to maintaining
social and economic balance. Ports play a significant role in increasing the welfare of communities
and providing job opportunities. This article highlights the pivotal role of the maritime sector in
reducing poverty by generating employment and creating economic value. The employment
opportunities and economic value provided by ports play a crucial role in poverty reduction. Using
a literature review, the economic significance of ports in Singapore, Panama, Bangladesh,
Indonesia, and Nigeria is examined, emphasizing the strength and impact of the maritime sector.
These success stories, including Singapore's global trade role, Panama Canal’s global impact,
Bangladesh's economic development through ports, Indonesia's potential for maritime sector
development for growth, and Nigeria's poverty alleviation efforts through ports, are just a few
examples. Successful instances underscore the potential of the maritime sector in reducing poverty.
By combining economic growth, environmental sustainability, and social inclusivity, this sector can
serve as a significant tool in combating poverty.

Keywords: Maritime sector, blue economy, poverty reduction, prosperity

Limanlardan Refaha: Yoksullugun Azaltilmasi i¢in Denizcilik
Sektoriinden Yararlanmak

0z

Denizcilik sektorii, ekonomik gelisimi, cevresel korumayi ve sosyal katilimi iyilestirme
potansiyeline sahiptir ve iilkelerin ekonomik biiylimesine katki saglamanin yani sira sosyal ve
ekonomik dengenin saglanmasinda dnemli bir unsurdur. Limanlar, topluluklarin refahini artirma ve
is imkanlar1 sunma konusunda dnemli bir rol oynamaktadir. Bu makale, denizcilik sektoriiniin, is
yaratma ve ekonomik deger liretme yetenegiyle yoksullugu azaltmada kilit bir rol oynadigini ortaya
koymaktadir. Limanlarin sagladig: is olanaklar1 ve ekonomik deger, yoksullugun azaltilmasinda
onemli bir rol oynamaktadir. Makalede literatiir taramasi yontemi kullanilarak; Singapur, Panama,
Banglades, Endonezya ve Nijerya’daki limanlarin ekonomik onemi incelenmekte ve denizcilik
sektoriiniin giicii ve etkisi vurgulanmaktadir. Singapur’un kiiresel ticaretteki rolii, Panama
Kanali’nin kiiresel etkisi, Banglades’in limanlardaki ekonomik gelisimi, Endonezya’nin kalkinma
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icin denizcilik sektoriindeki potansiyeli ve Nijerya’nin limanlar araciligiyla yoksullukla miicadele
cabalar1 bu basar1 Oykiilerinden sadece birkagidir. Basarili 6rnekler, denizcilik sektoriiniin
yoksullugun azaltilmasindaki potansiyelini ortaya koymaktadir. Bu sektdr, ekonomik biiyiimeyi,
cevresel stirdiiriilebilirligi ve sosyal kapsayiciligi bir araya getirerek yoksullukla miicadelede 6nemli
bir arag olabilir.

Anahtar Kelimeler: Denizcilik sektorii, mavi ekonomi, yoksullugun azaltilmasi, refah
1 Introduction

The maritime sector stands as a formidable force driving global connectivity, economic prosperity, and
the alleviation of poverty on a scale that extends far beyond the boundaries of nations. Encompassing a
diverse array of industries such as shipping, shipbuilding, ports, fishing, offshore energy production,
and marine tourism, this multifaceted sector serves as the linchpin connecting nations, facilitating the
seamless movement of goods, commodities, and people across the world.

The concept of poverty encompasses a multidimensional framework that extends beyond mere
economic insufficiency. At its core lies income and material deprivation, wherein individuals lack access
to fundamental necessities like food, shelter, and healthcare. However, poverty transcends financial
constraints, as per the capability approach, acknowledging the limitations individuals face in exercising
choices and opportunities essential for a fulfilling life. Social exclusion and marginalization intersect
with poverty, highlighting how certain groups face disproportionate challenges due to systemic
inequalities and limited access to education, healthcare, and employment. Inadequate infrastructure
further perpetuates poverty by hindering access to vital services. Moreover, poverty is marked by
vulnerability to shocks and the absence of resilience to recover from crises. Psychological and emotional
aspects, including diminished well-being and mental health challenges, also characterize poverty. This
multi-dimensional view underscores the necessity for holistic strategies addressing income disparities,
structural inequalities, social inclusion, and empowerment to effectively combat poverty and its far-
reaching implications. Understanding poverty within this broader context is vital in assessing the impact
of port-related activities on poverty alleviation and socio-economic development within communities.

In today's interconnected global economy, the maritime industry plays a pivotal role, underpinning the
foundation of international trade and serving as a catalyst for economic growth and development. Its
significance extends beyond the mere movement of goods; it symbolizes opportunity and progress for
communities worldwide. This article explores the profound economic power wielded by the maritime
sector and its indispensable role in tackling one of the most pressing challenges of our time: poverty. By
delving into case studies from diverse nations—ranging from Singapore's status as a global maritime
leader to Panama's important role in global trade and connectivity, Bangladesh's emphasis on
empowering fishing communities, Indonesia’s strategic use of maritime resources, and Nigeria's success
in uplifting coastal regions—the profound impact of the maritime sector in alleviating poverty becomes
evident.

Through these case studies, this article sheds light on the transformative potential of the maritime sector.
It showcases how strategic leveraging of maritime resources, coupled with sustainable practices, not
only generates economic growth but also fosters social inclusion, enhances livelihoods, and contributes
to environmental conservation—serving as a blueprint for addressing poverty on both local and global
scales. The examination of success stories within the maritime sector illuminates a path forward,
demonstrating how investments in infrastructure, skill development, and sustainable practices can
unlock opportunities, create jobs, and uplift communities. This article seeks to highlight the pivotal role
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of the maritime sector in navigating pathways out of poverty and lays the groundwork for understanding
its transformative potential in fostering lasting socio-economic progress.

2  The Maritime Sector's Economic Power and Its Role in Alleviating Poverty

The maritime sector holds significant economic power with far-reaching implications for poverty
alleviation. Encompassing shipping, shipbuilding, ports, fishing, offshore energy production, and
marine tourism, this multifaceted industry plays a crucial role in connecting nations and facilitating the
movement of goods and people worldwide. Through the creation of employment opportunities, skill
development, and income generation, the maritime sector becomes a powerful driver for poverty
reduction. Nations strategically leveraging their maritime resources witness not only economic growth
but also improvements in the livelihoods of coastal communities. The sector's contribution to global
trade establishes it as a linchpin of the world economy, while its intricate connections to various
industries underscore its potential to uplift societies, foster sustainability, and create lasting positive
impacts on poverty-stricken regions. As a nexus of economic development and social progress, the
maritime sector emerges as a pivotal force in navigating pathways out of poverty on both a local and
global scale.

2.1 Economic Significance of the Maritime Sector

The economic significance of the maritime sector is profound and multifaceted. It encompasses a wide
range of activities related to the sea, including shipping, shipbuilding, ports, fishing, offshore energy
production, and marine tourism. This sector plays a crucial role in global trade, connecting nations and
facilitating the movement of goods, commaodities, and people across the world.

The maritime sector acts as the backbone of globalization by enabling the efficient movement of goods
across borders. Shipping accounts for the vast majority of international trade, carrying everything from
raw materials to finished products. Ports serve as critical nodes in this network, where goods are loaded,
unloaded, and distributed to their final destinations. Without the maritime sector, the interconnected
global economy as we know it today would not be possible. The maritime sector is the backbone of
international trade. Over 80% of the volume of international trade in goods is carried by sea, and the
percentage is even higher for most developing countries (UNCTAD, 2021). This includes commaodities
like oil, natural gas, raw materials, manufactured goods, and more. Additionally, the maritime sector
provides a level of economic stability and resilience by diversifying transportation options. In times of
geopolitical tensions, natural disasters, or other disruptions, maritime routes can often provide
alternative pathways for trade. This redundancy helps cushion the impacts of regional or global
economic shocks (UNCTAD, 2018, s. 23).

The maritime sector provides employment opportunities to millions of people worldwide. This includes
seafarers, dockworkers, shipbuilders, engineers, and various other professionals associated with
maritime activities. The maritime sector significantly contributes to the GDP of many countries,
particularly those with extensive coastlines or strategic ports. Revenue generated from activities such as
port operations, shipping, and offshore exploration forms a substantial part of national income
(International Trade Administration, 2022).

Ports, harbors, and related infrastructure are critical components of the maritime sector. They serve as
vital nodes in the global supply chain and facilitate the movement of goods between land and sea
transportation. The maritime sector has been a driving force behind technological innovations. This
includes advancements in ship design, navigation systems, safety measures, and environmental
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sustainability practices. The maritime industry is a driving force for technological innovation. From the
development of more fuel-efficient ships to advancements in navigation and safety systems, the sector
continually pushes the boundaries of what is possible. These innovations not only benefit the maritime
industry itself but also have broader applications in areas like transportation, energy, and environmental
sustainability (Munim & Schramm, 2018).

The maritime sector is instrumental in the exploration and extraction of offshore energy resources,
including oil, natural gas, and renewable energies like wind and tidal power. Nations often rely on
maritime activities for economic stability. Fishing, tourism, and marine research are examples of sectors
that are closely linked to the maritime industry. Control over strategic maritime routes and access to
important ports can have significant geopolitical implications. Naval presence and maritime security are
crucial for safeguarding national interests (OECD, 2020).

The economic significance of the maritime sector extends far beyond mere transportation. It is a
cornerstone of global trade, a source of livelihood for millions, a driver of technological progress, and a
key player in national and international economies. Recognizing and understanding this significance is
crucial for policymakers and stakeholders in ensuring the sustainable development and prosperity of
maritime-dependent regions and industries. Its impact extends across multiple industries and influences
the prosperity and well-being of nations worldwide. As the global economy continues to evolve, the
maritime sector will remain a cornerstone, adapting to new challenges and driving innovation in the
pursuit of sustainable and efficient maritime activities.

2.2 Linking Maritime Sector to Poverty Reduction

The globe is currently grappling with numerous crises, notably in food, fuel, coal, natural gas, and the
economy. The maritime economy stands as a potential solution to mitigate these challenges, offering a
unique avenue to bolster any struggling economy. With over 70% of our planet covered by the sea, the
maritime sector holds a pivotal position in ensuring global stability. Notably, approximately 90% of the
world's import-export trade relies on maritime transportation, emphasizing the crucial role the ocean
plays in facilitating global trade and addressing pressing economic and resource-related issues (Askari,
Bushra, & Hossain, 2021, s. 112).

The maritime sector has garnered significant interest in emerging economies. It represents an alternative
economic approach aimed at combating poverty by fostering international trade and connecting sellers
with buyers. This approach not only stimulates economic growth but also emphasizes the imperative of
environmental sustainability in coastal regions and marine ecosystems. By promoting social inclusion,
the maritime sector contributes to an enhancement of livelihoods, presenting a comprehensive
framework that addresses economic, environmental, and social dimensions. This paradigm shift towards
a sustainable and inclusive blue economy underscores its potential to serve as a catalyst for positive
change and development in these regions (Bari, 2017).

The maritime industry, with its diverse sectors such as shipping, fishing, shipbuilding and repair,
offshore energy extraction, strait and canal crossings, maritime research and development, maritime
tourism and recreation, marine biotechnology and aquaculture, maritime logistics and supply chain
management, maritime education and training, and port operations, has been recognized as a powerful
agent in alleviating poverty. This chapter explores the existing literature on how engagement in the
maritime industry can contribute to poverty reduction. Key findings highlight the transformative impact
of stable employment, skill development, and income generation on individuals and communities. One
of the fundamental ways in which the maritime industry contributes to poverty reduction is through the
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provision of stable employment opportunities. Research indicates that maritime jobs, whether on ships
or in port-related activities, often offer consistent and reliable sources of income. This stability not only
ensures financial security for individuals but also has a positive ripple effect on entire communities.
Case studies and empirical evidence will be explored to underscore the link between maritime
employment and the reduction of poverty rates (UNCTAD, 2022).

The maritime sector provides a unique platform for skill development, offering individuals the
opportunity to acquire specialized knowledge and expertise. Training programs, apprenticeships, and
on-the-job experiences in fields such as marine engineering, navigation, and fisheries management
empower workers with valuable skills. The chapter will delve into how these acquired skills not only
enhance employability within the maritime industry but also open doors to broader economic
opportunities. Interviews with maritime professionals and insights from training initiatives will
illuminate the transformative potential of skill development in poverty alleviation. Beyond stable
employment and skill development, maritime activities contribute significantly to income generation
(OECD/ILO, 2017).

In conclusion, this chapter synthesizes existing literature to establish a robust connection between
maritime employment and poverty reduction. It highlights the transformative role of stable employment,
skill development, and income generation in empowering individuals and communities. As the maritime
sector continues to evolve, understanding and harnessing its potential to lift people out of poverty
becomes increasingly crucial for sustainable economic development.

3 Success Stories: How Maritime Employment Transforms Communities and
Alleviates Poverty

Following section explores specific examples from five diverse countries where strategic emphasis on
maritime sector employment has been a catalyst for significant poverty reduction, bringing about
positive outcomes for communities.

Case Study 1: Singapore - A Beacon of Economic Prosperity

Singapore, despite its small size, has strategically positioned itself as a global maritime hub. The
maritime sector, including shipping and port operations, has played a pivotal role in the country's
economic success. Connectivity stands as the hallmark of Singapore's port, solidifying its reputation as
a global maritime leader. Since 1986, Singapore has consistently held the title of the world's busiest port
in terms of shipping tonnage, boasting an impressive annual average of 140,000 vessel calls. Serving as
the nexus for 200 shipping lines connected to over 600 ports globally, Singapore's success as a premier
hub for container transshipment is underpinned by its unparalleled global connectivity. In 2022 alone,
the port handled a staggering 37.3 million TEUs, a testament to its pivotal role in facilitating
international trade. Singapore's port distinguishes itself through comprehensive facilities and services
that excel in terms of quality, efficiency, competitiveness, and reliability (MOE Singapore, 2023). With
the capability to manage over 2,000 containers per vessel and an impressive turnaround time of less than
12 hours, the port ensures seamless operations on a grand scale. This commitment to excellence has
earned Singapore the prestigious title of the "Best Global Seaport" for the second consecutive year and
the "Best Seaport in Asia" for the 34th time at the 2022 Asia Freight, Logistics, and Supply Chain
Awards (AFLAS). Beyond its dominance in cargo handling, Singapore's maritime infrastructure has
positioned it as a flourishing regional cruise center. Annually, the international cruise terminal welcomes
around one million visitors, drawing more than 30 international cruise ships, totaling approximately 400
port calls each year (MPA Singapore, 2023). In essence, Singapore's maritime prowess extends beyond
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its role as a global trade facilitator, embracing its status as a dynamic and sought-after destination for
cruise enthusiasts worldwide. Positive Outcomes (MINDEF Singapore, 2018):

= High-Income Jobs: The maritime industry in Singapore provides high-income jobs, contributing
to a low national poverty rate.

= Global Trade Hub: Singapore's strategic location and efficient ports have made it a key player
in global trade, attracting international businesses and creating employment opportunities.

= Urban Development: The success of the maritime sector has spurred overall economic growth,
leading to urban development and improved living standards.

Case Study 2: Panama- Gateway to Commerce

Panama, known for the Panama Canal, represents a compelling case study for showcasing the
transformative impact of the maritime sector on poverty alleviation and socio-economic development.
The Panama Canal, a crucial maritime passage connecting the Atlantic and Pacific Oceans, stands as a
cornerstone of global trade, facilitating the movement of goods and vessels worldwide. The canal’s
strategic importance in international shipping not only generates substantial revenue for Panama but
also plays a pivotal role in global trade dynamics. Panama's economy heavily relies on the maritime
sector, extending beyond the Panama Canal. The country boasts a robust maritime industry involving
port operations, shipping services, and maritime-related activities. Ports like Balboa and Cristobal are
essential nodes in global trade networks, contributing significantly to the country's economy and
employment (International Monetary Fund. Western Hemisphere Dept., 2023).

The maritime industry in Panama creates jobs in port operations, logistics, ship registration, and related
services, offering employment opportunities for local communities. The country's advantageous
geographical location has made it a logistics and transportation hub, attracting international businesses
and investment, further stimulating economic growth (CEPAL, 2014). Moreover, Panama has been
investing in infrastructure development and expansion of its port facilities to accommodate larger
vessels, enhancing its competitiveness in the global shipping industry. The country's commitment to
modernizing and improving its maritime infrastructure underscores its role in bolstering trade and
economic development. Additionally, Panama's efforts in promoting tourism related to its maritime
assets, such as its beautiful coastal areas and marine attractions, contribute to local economies and job
creation in the tourism sector (UNCTAD, 2023, s. 32-34).

By highlighting Panama's success in leveraging the maritime sector, especially the Panama Canal, for
economic growth, employment generation, and infrastructure development, the case can showcase how
a nation's strategic focus on maritime activities contributes significantly to poverty alleviation and
overall socio-economic progress (Beaton & Hadzi-Vaskov, 2017). Positive outcomes (Sabonge, 2014):

= Economic Growth and Employment Generation: Panama's maritime sector, particularly the
Panama Canal and its ports, serves as a catalyst for economic growth. The operation of the canal
and associated maritime activities contribute substantially to the country's GDP. These activities
create employment opportunities in port operations, logistics, shipping services, and tourism,
providing livelihoods for local communities and contributing to overall job creation within the
sector.

= Infrastructure Development and Global Connectivity: Investment in the modernization and
expansion of port facilities and maritime infrastructure enhances Panama'’s competitiveness and
connectivity in global trade networks. Upgrades in port facilities like Balboa and Cristobal allow
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Panama to accommaodate larger vessels, boosting its efficiency in handling international trade,
attracting more shipping traffic, and fostering better connectivity with global markets.

= Revenue Generation and Trade Facilitation: The Panama Canal serves as a critical artery for
international trade, facilitating the transit of ships carrying goods between the Atlantic and
Pacific Oceans. The revenue generated from canal tolls significantly contributes to the country's
income.

Case Study 3: Bangladesh - Empowering Fishing Communities

The maritime sector significantly impacts the international economy and plays a crucial role in poverty
reduction within Bangladesh. In the nation's economy and trade landscape, ports wield substantial
influence, emerging as key contributors to poverty alleviation. Approximately 30 million Bangladeshis
directly rely on the maritime sector, particularly in commercial transportation and related industries, for
their livelihoods (Askari, Bushra, & Hossain, 2021, s. 115). The maritime routes serve as vital conduits
in the process of globalization, fostering opportunities that contribute to poverty reduction efforts.
Particularly for Bangladesh, maritime transport stands as a cornerstone for socio-economic
advancement. It offers an effective and efficient means of transport, enabling the movement of various
goods in large quantities. Importantly, it presents a cost-effective option, crucial for marginalized
communities, allowing for the transportation of goods at lower expenses compared to other available
transport alternatives. By providing access to affordable transportation and trade routes, the maritime
sector directly impacts poverty reduction, empowering communities by facilitating economic activities
and access to markets, thus contributing significantly to uplifting livelihoods and socioeconomic
prospects (Shamsuzzaman, Mozumder, Mitu, Ahamad, & Bhyuian, 2020).

Ports serve as fundamental drivers of national economic development, crucial in keeping stride with the
demands of a modern, globalized world. Their sustainable development stands as a prerequisite for
overall progress. In the context of Bangladesh's heavy reliance on international trade, ports play a pivotal
role in its economic landscape. There's a pressing need to concentrate efforts on not only optimizing the
current port capacities but also advancing towards the establishment of deep-sea ports equipped with
cutting-edge technological facilities and enhanced handling equipment. Notably, significant
developmental projects are underway in Sonadia, Matarbari, and Payra, underscoring the nation's
commitment to fortify its port infrastructure. Adapting to the demands of modern industries and
globalization necessitates a strategic emphasis on port advancements, ensuring Bangladesh remains
competitive and responsive to the evolving global trade landscape (Askari, Bushra, & Hossain, 2021, s.
116). Bangladesh's emphasis on the fishing sector within the maritime industry has played a crucial role
in poverty reduction, particularly in coastal communities. Positive Outcomes (International Monetary
Fund. Asia and Pacific Dept., 2013):

= Livelihood Diversification: Fishing communities have diversified their sources of income,
reducing vulnerability to economic shocks.

= Infrastructure Development: Investments in the fishing industry have led to improved
infrastructure in coastal areas, benefiting both the industry and local communities.

= Community Empowerment: The empowerment of local fishing communities has translated into
better education and healthcare outcomes, breaking the cycle of poverty.

Case Study 4: Indonesia - Harnessing Maritime Resources for Development

Indonesia stands as the world's largest recipient of official development assistance (ODA) for the ocean
economy, having received an average of USD 302.5 million annually during the 2013-18 period.
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Remarkably, this constitutes 10.7% of the country's total ODA, surpassing the share allocated to other
coastal and island nations (1.9%) and regional peers (6.5%). Development partners have been pivotal in
supporting Indonesia's shift toward a sustainable ocean economy, focusing notably on specific areas
such as curbing ocean pollution originating from land, fostering green shipping and enhancing ports,
and promoting ocean conservation initiatives. In the context of poverty reduction in Indonesia, ports
emerge as transformative instruments for socioeconomic advancement. The strategic allocation of ODA
towards green shipping and port development can significantly impact poverty alleviation. Upgrading
ports not only enhances trade opportunities but also creates employment, stimulating economic growth
in coastal regions. By focusing on sustainable port development and fostering green shipping practices,
Indonesia can empower local communities, providing better access to markets, improving livelihoods,
and offering new avenues for economic prosperity, all crucial elements in the fight against poverty
(OECD, 2021, s. 11).

Indonesia's vast maritime resources have been a key driver of economic development. The country's
focus on sustainable fisheries and marine tourism has yielded positive outcomes. Positive Outcomes
(World Bank, 2021):

= Job Creation: The maritime sector in Indonesia has created jobs, particularly in fisheries and
tourism, contributing to poverty reduction.

= Tourism Boost: The development of marine tourism has attracted visitors, generating income
for local communities and stimulating economic growth.

= Environmental Conservation: The emphasis on sustainable practices ensures the long-term
viability of marine resources, benefiting both the environment and the economy.

Case Study 5: Nigeria - Empowering Coastal Communities

The Port of Lagos, Nigeria's largest port complex, has been a significant contributor to poverty
reduction. Through its operations, it has created a multitude of jobs directly and indirectly linked to port
activities. The employment opportunities at the Port of Lagos range from dockworkers, cargo handlers,
administrative staff, to various skilled labor roles (UNCTAD, 2022).

The port's efficient operations have facilitated trade, contributing to economic growth and providing
sustainable livelihoods for local communities. The positive outcomes derived from port employment in
Nigeria exemplify how the maritime sector has successfully alleviated poverty by creating jobs,
stimulating economic growth, and enhancing community well-being. Nigeria's extensive maritime
wealth has served as a cornerstone for the nation's economic growth. With a substantial coastline and
abundant marine resources, Nigeria has strategically capitalized on its maritime potential. The country's
emphasis on developing sustainable practices within its fisheries and marine tourism sectors has been
instrumental. Nigeria's commitment to these sectors has not only fostered economic prosperity but has
also contributed positively to environmental conservation. This deliberate focus on harnessing the
nation's maritime resources showecases its significant role in Nigeria's economic development and its
potential for sustained growth (Onikosi-Alliyu, 2022). Positive Outcomes (Ugochukwu & Chijioke,
2015, s. 17-19):

= Wealth Distribution: The employment opportunities created in the maritime sector contribute to
wealth distribution within communities. Employees in these sectors often support their families
and contribute to local economies, thereby reducing poverty at a grassroots level.
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= Infrastructure Development: Investments in port infrastructure and related facilities not only
improve trade efficiency but also create additional economic opportunities. Upgrades in port
infrastructure positively impact logistics, trade relationships, and the overall economy.

= Skills Enhancement: The focus on the maritime sector has led to skill development programs
and capacity building. Training initiatives empower individuals with specialized skills,
enhancing their employability within the sector and beyond.

4  Conclusions

In conclusion, the multifaceted maritime sector stands as a beacon of hope and opportunity in the global
fight against poverty. Its expansive reach across shipping, shipbuilding, ports, fishing, offshore energy,
and marine tourism forms the backbone of international trade, fostering connections between nations
and enabling the movement of goods and people worldwide. These success stories from Singapore,
Panama, Bangladesh, Indonesia, and Nigeria highlight the diverse ways in which maritime employment
has transformed communities and alleviated poverty. These cases serve as valuable examples for other
nations seeking to leverage their maritime potential for sustainable economic development and poverty
reduction. Throughout the exploration of diverse case studies—from Singapore's strategic positioning
as a global maritime hub to Panama's global trade practices, Bangladesh's empowerment of fishing
communities, Indonesia's focus on harnessing maritime resources, and Nigeria's success in uplifting
coastal communities—the transformative power of the maritime sector in alleviating poverty becomes
unequivocally evident.

The success stories showcased a consistent pattern of positive outcomes. High-income jobs, economic
diversification, infrastructure development, skill enhancement, and social welfare impacts emerged as
common threads in these narratives. The emphasis on sustainable practices not only generated economic
growth but also nurtured environmental conservation, contributing to long-term viability. By creating
stable employment, fostering skill development, and facilitating income generation, the maritime sector
has proven to be a formidable driver of poverty reduction. Furthermore, its role in promoting social
inclusion, enhancing livelihoods, and spurring economic development in coastal regions underscores its
potential as a catalyst for positive change on both local and global scales. As nations strategically
leverage their maritime resources and invest in sustainable practices within this sector, they pave the
way for lasting socio-economic advancements. The maritime sector's integration of economic,
environmental, and social dimensions presents a comprehensive framework that holds promise for
uplifting societies, fostering sustainability, and steering regions towards a prosperous future.

In embracing the transformative potential of the maritime sector, governments, international
organizations, and stakeholders must continue to collaborate, innovate, and invest in initiatives that
prioritize inclusive growth, environmental stewardship, and socio-economic progress. Through
concerted efforts and strategic investments, the maritime sector can continue to chart pathways out of
poverty, driving progress and prosperity for generations to come.

5 Declarations

5.1 Founding Source

There is no founding source in this study.
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There is no conflict of interest in this study.
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