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Makale Bilgileri 0z
Makale Ge¢misi Hava araglar1 tasarim ve tretim siiregleri i¢in ¢ok disiplinli bir ¢alisma siireci gerekmektedir. Bu yiizden,
Gelis: 31/05/2022 hava aracinin tasarim siirecinde farkli disiplinlerin beraber ¢alismasi zaman ve maddi kaynaklarin yonetimi
Kabul: 19/12/2022 agisindan kritik 6nemdedir. Ozellikle ugus simiilasyonlari, iiretim asamasindan once, hava araglarinin
Yayn: 31/12/2022 tasarim gereksinimlerine bagl olarak performans testlerinin yapilmasi ve ugus parametrelerin optimizasyonu
i¢in ¢ok ciddi kolayliklar getirmektedir. Bu calisma kapsaminda, sivil bir hava aracinin (Research Civil
Anahtar Kelimeler: Aircraft Model) ugus dinamiklerine bagli olarak Matlab/Simulink ortaminda olusturulan matematik
Gercek Zamanli Referans modelinden yonelim ¢iktilar1 elde edilmistir. Bu ¢iktilar ise FlightGear ucus simiilatorii igin giris
Verisi, parametreleri olarak kullanilip benzetim testleri gerceklestirilmistir. Simulink ortaminda elde edilen ugus
Ugus Mekanigi, verileri daha kolay yorumlanmasi ve gorsellestirilmesi i¢in FlightGear similatorii segilmistir. Ayrica model
Aerodinamik, giris referans parametrelerin ger¢ek zamanl olarak kullanilmasi i¢in Joystick kumanda yonelim sinyalleri
FlightGear, MATLAB ortamina aktarilmistir. Aerodinamik ve yapisal parametreler, motor ve eyleyici dinamikleri, hava
Matlab/Simulink. aracimin dogrusal olmayan matematik modeline eklenmistir. Bu modellemenin sonucunda elde edilen

aerodinamik kuvvetler, hava araci stabilite ve govde ekseninde karsilagtirilmistir. Bunun yaninda
aerodinamik ve agirlik merkezlerinde meydana gelen aerodinamik momentler de karsilagtirilmistir. Bu
karsilastirmalarin sonucunda stabilite ve goévde eksenleri, aerodinamik ve agirlik merkezleri arasindaki
iliskiler incelenmistir. Hava aracinin tasarimsal limitleri ve uluslararast havacilik standartlarina bagl olarak
kontrol ylizeyleri ve itki limitleri, eyleyici dinamiklerinin igerisinde temsil edilmistir.

Flight Tests for Aircraft in Simulink-FlightGear Environments and
Comparison of Aerodynamic Effects on Stability/Frame Axes

Article Info ABSTRACT

. . A multi-disciplinary work process is required for aircraft design and production processes. Therefore, the
Article History collaboration of different disciplines in the design process of the aircraft is critical for the management of time
Received: 31/05/2022  and financial resources. Especially, flight simulations provide very serious facilities for performance tests and
Accepted: 19/12/2022  optimization of flight parameters, depending on the design requirements of aircraft, before the production phase.
Published: 31/12/2022 W.ithin the scope of this study, orientation outputs were obtained from the mathematical model created in the
Matlab/Simulink environment depending on the flight dynamics of a civil aircraft (Research Civil Aircraft
Model). These outputs were used as input parameters for FlightGear flight simulator and simulation tests were

Keywqrds. carried out. FlightGear simulator was chosen for easier interpretation and visualization of flight data obtained
Real Time in the Simulink environment. In addition, the joystick control orientation signals were transferred to the
Reference data, MATLAB environment in order to use the model input reference parameters in real time. Aerodynamic and
Flight Mechanic, structural parameters, engine and actuator dynamics have been added to the nonlinear mathematical model of
Aerodynamic, the aircraft. The aerodynamic forces obtained as a result of this modeling were compared in aircraft stability

. and fuselage axis. In addition, aerodynamic moments occurring at the center of gravity and aerodynamics were
FlightGear, also compared. As a result of these comparisons, the relationships between stability and body axes,
Matlab/Simulink. aerodynamics and centers of gravity were examined. Depending on the design limits of the aircraft and

international aviation standards, control surfaces and thrust limits are represented in the actuator dynamics.

“This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)”
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GIRIS

Hava araglarinda, birden ¢ok disiplinin ortak ¢aligmasi sonucu hem teorik hem pratik agidan
esdeger sonuclarin elde edilmesi projenin siirdiiriilebilirligi agisindan 6nem arz etmektedir. Heniiz iiretim
siirecine gitmeden O6nce hava aracinin modelleme ve simiilasyon ¢alismalarinin yapilmasi, hava aract
mekaniklerinin dogrulanmasi agisindan oldukga kritik bir siiregtir. Hava araci mekanikleri, aerodinamik
modelleme, eyleyici modeli, itki modeli, kiitle atalet modeli vb. gibi birden ¢ok alt sistemin bir biitiinii
seklinde ¢alismaktadir (Gundlach, J., 2012; Garteur, 1995). Bu alt sistemler biitiinii sonucu olusan hava
arac1 matematiksel modellemesi s6z konusu mekaniklerin icra edilebilmesi agisindan énemlidir. Hava
aract durum degiskenlerinin birden ¢ok eksende tanimlanmasi ve eksenlerin iliskisinin matematiksel
olarak ifade edilmesi modelleme siirecinde dikkat edilmesi gereken noktalardan bir tanesidir (Yechout ve
ark., 2003; Bernard ve ark., 1959). Bu siirecte ¢esitli kontrol yaklasimlar1 ve mimarileri de kullanilabilir
(Nelson, 1998) Modelleme yontemi olarak dogrusal ve dogrusal olmayan modellemelerin birbirine yakin
sonugclar verdigi fakat dogrusal olmayan modellerin sinirlarinin daha genis oldugu goriilmiistiir (Ozdemir
ve ark., 2008).

Hava araci simiilasyon c¢alismalari teknolojinin ilerlemesiyle birlikte ¢esitli simiilasyon yazilimlar
ortaya ¢ikmistir. Bununla birlikte hava aracinin sanal ikizi sayilabilecek derecede gercege yakin
simiilasyonlar elde edilmistir (Bolgo ve ark., 2020). Bu ¢alisma kapsaminda hem ekonomik hem de
performans agisindan FlightGear simiilasyon ortami tercih edilmis olup modellenen hava araci
manevralart gorsel olarak bu ortamda icra edilmistir. Sorton ve ark. (2005) calismasinda gergeklestirilen
Simulink/FlightGear entegrasyonu ¢alismanin gelismesine katki saglamistir.

Aerodinamik yiiklerin Flansburg, B. (2008) ¢alismasinda da oldugu gibi dinamik olarak benzetim
ortamlarinda modellenmesi geleneksel olan deneysel yaklasimlarin 6niine ge¢mistir. Zhang, X. (Ed.).
(2019) c¢alismasi da hava araci aerodinamik yiiklerin manevralardan ve akis rejimlerinden nasil
etkilendigi ile ilgili bir calismadir. Hava aracinin maruz kaldigi bu yiikler uluslararasi havacilik
standartlar1 kapsaminda tasarim kriterleri olarak yer almistir (Miedlar, v ark., 1997). Ugak bilesenlerinin
ucgus esnasinda veya pist iizerinde maruz kaldig1 bu yiikler hava araci tasarimsal ve yapisal siireglerine
etki etmektedir (Lomax, T. L., 1996).

Bu c¢alisma kapsaminda sivil bir hava aracinin dogrusal olmayan dinamik modeli olusturulup es
zamanl referans verisi (Joystick) kullanilarak Simulink/FlightGear simiilasyon ortaminda gerceklemesi
yapilmistir. Buna ek olarak hava aracinin stabilite ve govde eksenlerinde meydana gelen aerodinamik
kuvvetler ve agirlik ve aerodinamik merkezlerde meydana gelen aerodinamik momenler
karsilagtirilmistir. Her iki eksende de aerodinamik kuvvetler incelendiginde Y ve Z yodnlerinde
kuvvetlerin neredeyse ¢akisik olup X yoniindeki kuvvetlerde bazi farkliliklarin oldugu gézlemlenmistir.
Bunun yaninda aerodinamik ve agirlik merkezleri arasindaki mesafe farkliligindan &tiirii aerodinamik
momentlerin Karsilagtirilirken birbirini takip eden fakat ¢akisik olmayan egriler elde edilmigtir.

YONTEM

Eksen takimlarinin belirlenmesi, hareket denklemlerinin tanimlanmasi agisindan O6nem arz
etmektedir. Dogacak olan problemlerin ¢6ziimii i¢in genellikle iki temel eksen takimi kullanilir.
Bunlardan bir tanesi diinya merkezli eksen takimi (earth axis frame) bir digeri ise govde merkezli eksen
takimidir (body fixed frame). Bunun yaninda stabilite veya riizgar ekseni dedigimiz eksen ile gdvde
merkezli eksen arasinda hiicum agis1 ve yana kayma acilari meydana gelir ve bu agilar Sekil 1’de
gosterildigi gibidir. Bu siirecte kullanilacak temel parametreler Tablo 1’de gosterildigi gibidir.
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Sekil 1. Kuvvet, Moment ve Hiz Bilesenlerinin Gévde Ekseninde Gosterimi (Nelson, 1998)

Tablo 1. Temel Parametreler ve Anlamlar

YUVARLANMA YUNUSLAMA YANLAMA
EKSENI EKSENI EKSENI
Acisal Hizlar p q r
Dogrusal Hizlar u v w
Aerodinamik Kuvvet Bilesenleri X Y VA
Aerodinamik Moment Bilesenleri L M N
Atalet Momenti L, I, I,
Carpim Atalet Mometi lyz L., Ixy

Hiicum agis1 (angle of attack o) (1) ve yana kayma acisi (side slip angle B) (2) hiz bilesenlerinin cinsinden
su sekilde ifade edilir:

— tan-1Y 1
a = tan (g) )
= sin~1(—
B =sin"l()
3

1
V=w?+v?+w?)?2

Hava araci toplam vektorel hiz1 (3)’te ifade edilmistir. Hava aracinin denge agilar1 Sekil 2’de gosterildigi
gibidir.

V, is the project of V
N into the x, z, plane.

Sekil 2. Hiicum Agisi ve Yana Kayma Ag¢ist Gosterimi (Nelson, 1998)

ASREL 71
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Ucak Denklemleri

Lineer olmayan denklemler 6zetlenmis sekilde 6 serbestlik dereceli olarak diizenlenmistir. Bu denklemler
ucak ekseni baz alinarak olusturulmus olup ugak rigid olarak kabul edilmistir. U¢ak XZ ekseni simetri ekseni olup
Iy Ve Iy, sifir olarak kabul edilmistir. Bu varsayimlara dayali olarak sabit kanatli bir hava aracinin 6 serbestlik
dereceli hareket denklemleri su sekildedir:

Dogrusal ivmeler (4, 5, 6)’da ifade edilmistir.

L™ Sin@ + Fyy + Fgy + Frp — m(=V, + W) 4
m

. —mgsingcosO + Fyy + Fgy + Fry — m(U, + W,) S
m

_ —mgcos¢cosO + Fy, + Fg, + Fr, —m(Ug + W) 6
m

Acisal ivmeler (7, 8, 9)’da ifade edilmistir.

. Lz Lz 7
P =l L b b = G~ byl [ ] It e = oy~ edpa = Gl
. Mg+ Mg + My — (L = L)pr — L, (p? —72)] 8
! Iyy
2 Iz Lex 9
Pt it et habd = G by )rd [m] * [Nat N o N = (yy = L) = ()] [lxxlzz - I,EZ]
Euler agilar1 ve govde merkezli agisal hizlar arasindaki iliski su sekildedir (10, 11, 12):
¢ = p + gsingtand + rcosptand 10
6 = qcos¢ — rsing 11
Y = (gsing + rcos¢p)sechd 12

Aerodinamik Model

Aerodinamik kuvvet ve momentler riizgar ekseninde verilmis olup aerodinamik faktor (gS), aerodinamik
katsayilar (Cp, Cy, C), hiicum agis1 (@) ve yanlama agisi (f) cinsinden yazilmstir (Garteur, 1995).

Dinamik basing (13)’te ifade edilmistir.

1 1
q =§PV2 3

V, toplam hava hizin1 gostermektedir.
Aerodinamik lift katsayisi C;, (14)’te tanimlanmistir,

C,=C,, +Ci, 14
Cy,,, sadece kanat yapisimn lift katsayisi olup (15)’te ifade edilmistir.

Cwa = 55(6( - ao) 15
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ay lift kuvvetinin sifir oldugu andaki hiicum agisidir (16).

_ 115 16
o~ 180
s
Kuyrugun birim lift katsayisi1 C;, ise su sekilde tanimlanir (17),
S
CLt = ?t 3.10(t 17
a; kuyruk hiicum agisini ifade eder, (18)’de tanimlanmustir.
l 18
oct=oc—e+6,5+1.3E
%
de 19
€= o (a—agp)
de 20
—=10.25

da

Burada € (19) downwash agisini, 85 elevator sapmasini, g yunuslama hizini, [, kuyrugun aerodinamik
merkezi ile ugagin agirlik merkezi arasindaki mesafedir ve Sekil 3’te gosterildigi gibidir.

CL

f""_"‘""-'—-- -

S

Sekil 3. Kanat ve Kuyruk Uzerinde Aci ve Katsay1 Gosterimleri (Garteur, 1995)

Aerodinamik siiriiklenme katsayisi Cp, kanat yapisinin kaldirma katsayis1 €, cinsinden (21)’de

yazilmisgtir:
21

Cp = 0.13+0.07(Cy,, — 0.45)°

Aerodinamik yan (side) kuvvet katsayist:
Cy = —1.68 + 0.2454 22

Burada g yana kayma agis1 6z dikey kuyruk sapmasini gostermektedir. Moment katsayilari, ¢, C, C

govde ekseninde su sekilde ifade edilir (23):

Cm

En [ (l—am)ﬁ J 1.7 .
AsREL I—_—ee

—14p 11 0 0 0.22
G [ Sele l - 2 | . %
—0.59 — 312 (o — Sl Sel
_|7059 =31 (a—-9)|, 0 —432tt o |=lel+] 0 =312Zt o [|ss 23
<2 %4 r Sl 5
0 0 —0.63] "k
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a: Hiicum agis1

B: Yana kayma agisi

S: Kanat alam

S¢: Kuyruk birim alani

l: Genellestirilmis uzunluk

l;: Kuyrugun aerodinamik merkezi ile ugagin agirlik merkezi arasindaki mesafe
V: Toplam hava hizi

D, q,7: Agisal hizlar

Boylamsal kuvvet ve momentleri hesaplamak i¢in asagidaki adimlar takip edilir.
e Riizgér X ekseni yoniindeki aerodinamik kuvvet (24)
X =CpqS 24
e Riizgar Y ekseni yoniindeki aerodinamik kuvvet (25)
Y =(yqS 25

e Riizgér Z ekseni yoniindeki aerodinamik kuvvet (26)

Z=CqS 26
e Govde ekseninde yuvarlanma momenti (27)
L = C,qSb 27
e  Govde ekseninde yunuslama momenti (28)
M = C,qSc 28
e Govde ekseninde yanlama momenti (29)
N = C,gSh 29

b: wingspan=44.8m
¢: mean aerodynamic chord=6.6m

Riizgar ekseninde tanimlanan aerodinamik kuvvetler (X,Y,Z) govde eksenine (Fyy,Fy 4, Fz4)
dondstiirilmiistiir. Aerodinamik kuvvetler (30, 31, 32)’de ifade edilmistir.

F,4 = Lsina — Xcosacosf — Ycosasinf 30
Fyp = —Xsinp 31
F,4, = —Zcosa — Dsinacosf3 — Ysinasinf 32

Eyleyici Modeli

Kontrol yiizeyi i¢in kullanilan servolar emir verilen manevray: filtreleyerek hava aracina daha
yumusak bir emir verilmesini saglar ve emir verilen girdileri satlirasyona sokarak onlari limitler. Aileron ve elevator
icin bu filtre (33)’te tanimlanmustir.

1
G o= 33
act = 0.15s + 1

ASREL
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Rudder i¢in (34):

1

_ 34
Gact 0.3s +1

Motor igin (35):

1

— 35
1.5s+1

Gact =

Seklinde tanimlanir. Bu kontrol yiizeylerinin limitleri su sekildedir:
8, Aileron igin: —25 < §, < 25deg
6 Elevator igin: —25 < §, < 10 deg

6r Rudder i¢in: —30 < §4 < 30deg
67y Motor igin: 0.5 < §ry < 1deg

Eyleyici dinamiklerinin modellenmesi Sekil 4’te gosterildigi gibidir.

1

ut f ulsat 0.15s+1 u1
1

w2 f uzsat | 0.155+1 [u2
1

u3 f usat 03s+1 u3

1
@ ud f udsat 15s+1 ud
Motor1
5
Motor2

|

Aileron

1
us f uSsat > 15s+1 us

Sekil 4. Eyleyici Dinamiklerinin Modellenmesi

Kiitle Eylemsizlik Momenti

Hava aracinin kiitle eylemsizlik degerleri ugus boyunca sabit varsayilir ve (36, 37)’de ifade edilmistir.

I 0 =1y 40.07 0 2.098
=m m2 36

X 1
I=| 0 I 0 0 64 0
L, 0 I, 2098 0 99.92
m = 120 000 kg 37
RCAM Motor Modeli

Her iki motorun tirettigi itki (thrust T) (38)’de ifade edilmektedir:
F = 6TH1,2mg 38

Ory degerinin 0 olmasi itkinin 0 olmas1 anlamina gelirken 1 olmasi ise itkinin hava araci agirligi kadar

oldugu anlamina gelir. Uretilen itki vektdrlerinin yoniin hava araci x ekseni dogrultusunda hizalanmis olup Y ve Z
dogrultusundaki itki kuvvetleri 0’dir. ki motorun konumlandirilmasindan &tiirii agirlik merkezi etrafinda meydana
gelen moment (39,40)’da ifade edilmistir.

ASREL
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Xapitied,i
Tgi = | Yaputiea,j | * (F,0,0)’ 39
Zapllied k
i=1,2 40

Bu moment, motorlarin agirlik merkezine mesafeli olarak yerlestirilmesi neticesinde olugmaktadir.
Motorlarin yerlesim bigimleri Sekil 5'te gosterildigi gibidir. P; ve P, itkinin etki ettigi noktalar olup govde ekseni
merkezinin ayn1 zamanda aerodinamik merkez oldugu goriilmektedir.

zg ACwb

zg

—_—
P 3

Sekil 5. Motorlarin Yerlesim Bicimleri ve Itki Vektorleri (Garteur, 1995)

Ucak Modelinin Olusturulmasi
Yukarda belirtilen denklemler ve metodoloji 1s18inda hava aract modellemesi Matlab fonksiyonu olarak
yazilip Matlab/Simulink benzetim ortaminda modellenmistir. S6z konusu alt modelerin disinda olarak eyleyici

modeli Simulink’te modellenmistir. Hava arac1 modeli ve eyleyici modellerinin gosterimi Sekil 6°da gosterildigi
gibidir.

HAVA ARACI 6 DOF NONLINEAR
DINAMIK MODELI

EYLEYICI MODEL

6 DOF NONLINEAR AIRCRAFT DYNAMICS

Sekil 6. Ugus Modelinin Simulink Gosterimi

Ucus Simiilasyonu Olusturulmasi

Olusturulan biitiin alt modeller ve hava araci matematik modeli, simiilasyon elde edilmek igin
Simulink/FlightGear eslenmesi yapilmistir ve gdsterimi Sekil 7°de gosterildigi gibidir.
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UCUS SIMULASYON

73

Luhg by *
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Sekil 7. Ugus Simiilasyon Baglantilarimin Simulink Gosterimi

Hava araci simiilasyonu i¢in es zamanli etki ve tepki iiretmek adina Joystick kullanimi Simulink’e
eklenmistir. Joystick ve eyleyici baglantilar1 Sekil 8’de gosterildigi gibidir. Joystickten gelen sinyaller eyleyicide
islenerek hava aracina giris olacak komutlar {iretilmigtir.

Aiaron

S

JOYSTICK

EYLEYICI MODEL

Sekil 8. Joystick Baglantisinin Simulink Gésterimi

FlightGear Ortaminda Manevralarin icra Edilmesi

Simulink/FlightGear es zamanli c¢alismasi sonucu hava araci temel manevralari icra edilmistir.
Simiilasyonun, Joystick yardimiyla bu manevralar icra edilmis olup bu entegrasyon kullaniciya yonelik bir kullanim
sunmustur. Boylamsal Eksende Burun Yukar:i Manevrasi (Pitch Up) Sekil 9’da gosterildigi gibidir.

e

Sekil 9. Burun Yukari Manevrasinin FlightGear Ortaminda Icrast

Boylamsal Eksende Burun Asagi Manevrasi (Pitch Down) Sekil 10’da gosterildigi gibidir.

Sekil 10. Burun Asagi Manevrasimin FlightGear Ortaminda Icrast
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Yanal Eksende Yuvarlanma Manevrasi (Rolling) Sekil 11°de gosterildigi gibidir.

Sekil 11. Yuvarlanma Manevrasinin FlightGear Ortaminda Icras

Yanal Eksende Yanlama Manevrasi (Yawing) Sekil 12°de gosterildigi gibidir.

Sekil 12. Yanlama Manevrasimin FlightGear Ortaminda Icrasi

BULGULAR

Bu boliimde, kullanicin girdigi Joystick ciktilari ve bu ¢iktilara karsilik gelen hava aract durum degiskenleri
gosterilmistir. Simiilasyon 50 saniye boyunca ger¢ek zamanli referans verileri (Joystick) ile galistirilmig olup tiim
grafiklerin y eksenleri saniyeyi gostermektedir.

Joystick Ciktilar:

Joystick ¢iktilart kullanicin verdigi komutlarin hava aracina verilen komutlarla 6zdeslestirilmesi sonucu
kullanicin iirettigi kontrol ylizeyi ¢iktilarn Sekil 13 te gosterildigi gibidir. Hava aract motor komutlar1 Sekil 14°te
gosterildigi gibidir ve incelendiginde iki motor tepkisinin de ayni etkilendigi goriilmektedir. Boylece motorlarin

farkli galigmasi sonucu olusan moment dengesizligi bu ¢alismada ihmal edilmistir bu yiizden 6zdes grafik basligi
kullanilmustir.
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Sekil 13. Kontrol Yiizeyi Joystic Tepki Ciktilar
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Sekil 14. Motorlar icin Joystic Tepki Ciktilar
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Joystick Ciktilarina Bagh U¢ak Durum Degiskenleri Ciktilari

Yukarda bahsedilen, kullanici tarafindan iiretilen kontrol sinyallerinin hava araci {izerinde olusturdugu
tepkiler incelenecek olursa, hava arac1 dogrusal hiz ¢iktilart Sekil 15°te gosterildigi gibidir. Bu ¢iktilara gore hava
aracina uygulanan komutlarla iligkili bir ¢ikt1 sundugu goriillmektedir. Hava araci agisal hiz ¢iktilar1 ve euler aci
ciktilar1 Sekil 16 ve Sekil 17°de gosterildigi gibidir.

u [m's]

| | L L | 1 L I 1
10 15 20 25 30 s 40 45 50

Sekil 15. Hava Araci Dogrusal Hiz Ciktilart
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Sekil 16. Hava Araci Agisal Hiz Ciktilar
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Sekil 17. Hava Araci Euler A¢tlart Ciktilar

Aerodinamik Kuvvetlerin Stabilite ve Govde Ekseninde Karsilagtirilmasi

Hava aracinin stabilite ve govde eksenleri dikkate alindiginda aralarinda olusan agilarin tanimlar1 daha
onceki boliimlerde gosterilmistir. Bu calismada, hava aracinin aerodinamik kuvvetlerinin stabilite ve govde
eksenlerinde meydana getirdigi etkiler karsilastirilmigtir. X ve Y yonlerindeki kuvvetler incelendiginde X yoniinde
meydana gelen kuvvetin, elevatoriin negatif agilmasina karsilik stabilite ekseninde skaler olarak daha diisiik bir
kuvvet goriilmektedir ve Sekil 18°de gosterildigi gibidir. Buna karsilik Y yoniinde meydana gelen kuvvetler her iki
eksende de gakisik bir egri izlemistir.
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Sekil 18. X,‘ Y ve Z Yonlerinde Meydana Gelen Kuvvetlerin Stabilite ve Gévde Ekseninde Karsilastirilmasi, Yiik
Faktorii
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Z yoniindeki kuvvet karsilastirmasi incelendiginde iki eksenden meydana gelen kuvvetlerin birbirine yakin
degerler oldugu goriilmektedir ve Sekil 18’de gosterildigi gibidir. Buna karsilik yiik faktorii egrisi de ana kaynagi
olan Z yontideki kuvvete parallel bir egri ¢izmistir.

Aerodinamik Momentlerin Agirhik Merkeze ve Aerodinamik Merkeze Gore Karsilastirilmasi

Hava aracmin aerodinamik ve agirlik merkezleri incelendiginde aralarinda 0.72 m’lik bir mesafenin
bulunmasindan otiirii iki merkeze gore olusan momentlerin farklilik gostermesi beklenmektedir. L,M,N
momentlerinin her iki merkezde de birbirlerini yakin takip eden egriler oldugu goriilmektedir ve Sekil 19°da
gosterildigi gibidir.
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Sekil 19. L, M ve N Momentlerinin Agirlik Merkezine ve Aerodinamik Merkeze Gére Karsilastirilmasi ve Egilme
Momenti

Buna ek olarak hava araci kanadinda meydana gelen egilme momentinin ana kaynagi olan Z kuvvetine
paralel bir egri ¢izdigi goriilmektedir.

SONUC

Hava araglarinin 6zellikle ugus esnasinda maruz kaldiklar1 bir¢ok yiik kosulu vardir. Bu yiikler arasindan
ozellikle aerodinamik yiikler hava araci yapilari {lizerinde krtik etkilere sahiptir. Hava araci dinamik yapis1 ve
yiiklerin incelenebilmesi i¢in bu calismada alt1 serbestlik dereceli hava aract modeli olusturulmus ve JoyStick
sayesinde bu modele kontrol yiizeyi girdisi olusturacak ger¢ek zamanli referans verileri tiretilmistir. Bu ¢alismada
s6z konusu yiiklere neden olan kuvvetler stabilete ve ucak govde ekseni iizerinde karsilastirilmistir. Ozellikle
elevator girdisine bagli olarak hiicum agis1 degisiminden 6tiirii ucak X kuvvetinde stabilite ve govde ekseninde
cakisik olmayan bir egriye ulasilmistir. Buna karsilik u¢ak Y kuvveti her iki eksende birbirine ¢akisik egriler
izlemislerdir. Bunun sonucunda yunuslama (pitch) manevrasindan 6tiirii degisen hiicum agisina karsilik gelen X
kuvvetinin her iki eksendeki farkliliklar1, yanlama (yaw) veya yuvarlanma (roll) manevrasindan 6tiirii olusan yana
kayma ac¢isina karsilik gelen Y kuvvetinin her iki eksendeki farkliliklarindan daha yiiksektir. Keza ayni sekilde
momentlerin ise aerodinamik merkez ve agirlik merkezi lizerinde karsilagtirilmasi sonucunda her {i¢ moment
(yunuslama, yuvarlanma, yanlama) birbirine paralel ¢iktilar elde edilmistir.
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Makale Bilgileri 0z
Makale Gegmisi Hava araglarinin yapisal tasariminda, giivenilirlik ve mukavemet kadar hafiflik de 6nem arz etmektedir. Ugaklarda,
Gelis: 01/06/2022 yiiksek yakit sarfiyatinin onlenebilmesi ve faydali yiik tasima kapasitesinin arttirilabilmesi i¢in tasarimlarin optimum
Kabul: 12/11/2022 agirlik ve mukavemet oranina sahip olmasi gerekmektedir. Bu ¢aligmada; ayni kosullar altinda basma yiikiine maruz
Yayin: 31/12/2022 kalan, farkli sayida per¢in sayisina sahip takviyeli panel tasarimlari sonlu elemanlar metodu ile modellenmistir. Amag;
pergin arasi mesafenin per¢in ¢apina oraninin optimize edilmesiyle, panellerde en efektif pergin sayisinin bulunmasidir.
Anahtar Kelimeler: Bu amag dogrultusunda, ANSYS paket programiyla percin pekistirici takviyeli 8 farkli panel modellenmistir. Her
Pergin Pekistirici panelde Z tipi pekistirici kullanilmigtir. Dogrusal olmayan burkulma analizleri, ayni sinir kogullar1 ve basma yiikii
Takviyeli Panel, altinda gergeklestirilmistir. Analizler sonucunda elde edilen “yer degistirme-kuvvet” egrisi grafigi referans alinarak ilk
Burkulma Yiikii burkulma ve ¢okme yiikleri elde edilmistir. Sonlu elemanlar modelinde; perginler aras1 mesafe ve per¢in ¢ap1 orani
Dayanimu, 4’den baglayip 6.1°e kadar arttirilarak, ilk burkulma yiikleri ve ¢okme yiiklerindeki degisimler incelenmistir. Elde
Cokme Yiikii Dayanimi,  edilen sonuglara gore, pergin pekistirici takviyeli modelde yapilan optimizasyon i¢in gerilim yigilmalarini minimum
Yap_lsgl Analiz, yapan perginler arasi mesafe ve pergin ¢apt oranimin 4,5 oldugu gozlemlenmistir. Elde edilen bu orandan sonra
Optimizasyon burkulma yiikii dayamminda kismi diisiisler olmasina kargin ¢ékme yiikii dayamminda ciddi diisiisler meydana

gelmektedir. Dolayisiyla 4,5 oranmnin ¢okme yiikii dayanimini optimum derecede koruyan minimum oran oldugu
sonucuna varilmistir.

Stiffened Panel Virtual Test

Article Info ABSTRACT

In the structural design of aircraft, low weight is as important as reliability and strength. In airplanes, designs must have
an optimum weight and strength ratio in order to prevent high fuel consumption and increase the useful load carrying
capacity. In this study; Reinforced panel designs with different number of rivets subjected to compression load under the
same conditions are modeled by the finite element method. Aim; It is to find the most effective number of rivets in the
panels by optimizing the ratio of the distance between the rivets to the rivet diameter. For this purpose, 8 different panels
with rivet reinforcement were modeled with the ANSYS package program. Z type reinforcement was used in each panel.
Nonlinear buckling analyzes were performed under the same boundary conditions and compression load. The initial
buckling and buckling loads were obtained by referring to the graph of the “displacement-force” curve obtained as a result
of the analyses. In the finite element model; The changes in the initial buckling loads and collapse loads were investigated
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Strength, by increasing the distance between the rivets and the rivet diameter ratio from 4 to 6.1. According to the results obtained,
Collapse Load it has been observed that the ratio of distance between rivets and rivet diameter, which minimizes stress concentrations, is
Strength, . 4.5 for the optimization made in the rivet reinforced model. After this ratio, although there are partial decreases in the
gtgltji(;;l:;g![iﬁ‘r?alyms' buckling load strength, serious decreases occur in the collapse load strength. Therefore, it was concluded that the ratio of

4.5 is the minimum ratio that maintains the collapse load strength at an optimum level.
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GIRIS

[k hava araglarinda monokok yapilar kullanilsa da agirlik parametresinin énemi zamanla anlasildiktan
sonra arastirmalar yapilmig ve yari-monokok tasarim modeline gecilmistir (Quinn vd., 2009). Daha az agirlik
ile aym1 dayanim elde edilerek bir¢ok gelismenin 6nii agilmigtir. Yari-monokok yapilarda birincil egilme
yiiklerini ‘Longeron (boylamasina yapisal eleman)’ adi verilen gévde boyunca uzanan kaportaya bagh yapi
eleman tasir. Ozetle giiclii govde kirisleri daha az yiik tasiyan gii¢lendiricileri bir arada tutar. Tiim bu iskelet
sistemi dis panellere baglanarak yari-monokok govde yapisini olusturur. Boylelikle bu iskelet yap1 operasyonel
yiiklerin 6nemli bir kismim tagimaktadir. Ugus sirasinda basma yiiklerine maruz kalan kabuk yapilarda ilk
burkulma olayinin oldugu boélgelerde gerilmeler iskelet yapisinin altinda bir gerilmeyken burkulma birden
¢okme durumu olarak ortaya ¢ikar. C6kme durumu yasanmadan burkulma durumu yapinin hala yiik tasimaya
devam ettigini gostermektedir (Fujikubo & Yao, 1999). Ucagin kanat ve govde yapilari, pekistirilmis
panellerden olusan ve temel yiikleme kosullarina maruz kalan ana yapilardir. Ozellikle ugus sirasinda
aerodinamik yiikler nedeniyle maruz kalinan basma ytikleri, panellerde burkulmaya ve malzeme hasarina neden
olmaktadir. Deformasyonlarin Onlenebilmesi igin paneller; entegre, yapistirilmis veya perginlenmis
pekistiriciler ile takviye edilebilmektedir (Ozdemir, 2019).

Gilintimiizde havacilik endiistrisinde yakit sarfiyatinin azaltilmasi yoniinde ciddi anlamda arastirma ve
gelistirme galigmalan yiiriitiilmektedir. Yakat sarfiyatini etkileyen 6nemli parametrelerin basinda agirlik 6lgiitii
gelmektedir (Tekkanat & Keles, 2020). Esdeger mukavemet 6zelliklerine sahip daha hafif malzeme iiretimi
her sektorde oldugu gibi havacilik sektoriinde de 6nemli bir yere sahiptir. Hava araglarinin kanat ve gévde
yapilari da Kritik yiikleme kosullarina maruz kalan ana yapilar olmasindan dolay1 tasarim olgttleri en 6nemli
yapilardir. Bu yapilarin yiikkleme dayanimlarini saglayacak tasarimlar olusturulurken agirlik olabildigince
azaltilmahdir.

Kanat ve govde yapilari panellerden olugsmaktadir ve bu panellerin 6zellikle genis yiizeye sahip
olmalarindan dolay1, basma yiiklemesi neticesinde ylizey dis1 gerilmeleri olugur bu da biikme kuvvetine neden
olarak burkulma olaymi meydana getirmektedir. Paneller, pekistirici olarak da bilinen takviye elemanlar ile
desteklenerek eksenel kuvvetlere karsi olusturduklart dayanim arttirilir ve boylelikle burkulma davranisi
geciktirilerek burkulma yiikii ve ¢6kme yiikii artar (Munroe vd., 2000).

Gelisen teknoloji sayesinde daha hafif ve mukavemetli pargalar imal edilebildigi gibi ¢ok daha genis
tasarim kabiliyetlerine de sahip olunmaktadir. Ucagin kanat ve gévde yapilari, panellerden olusan ve temel
yiikleme kosullarina maruz kalan ana yapilardir. Ozellikle havada maruz kalinan basma yiikleri, burkulmaya
ve daha sonrasinda ¢okmeye neden olmaktadir (Tekkanat & Keles, 2020). Bu deformasyon tiirlerinin
onlenebilmesi i¢in panele farkli tiirlerde pekistirici elemanlar1 takviye edilmektedir. Pergin takviyeli
pekistiriciler yaygin olarak kullanilan iiretim metodudur. Per¢inli modellerde olusan gerilim yigilmalari
sonucu olusan catlak olugma riskleri, diisiikk burkulma dayanimi ve ¢okme dayanimina sahip olmalarindan
dolay1 kritik tasarima sahiptirler (Cankur & Giirses, 2017).

Perginli takviye edilmis pekistiricili paneller her ne kadar dayanimi diisiik olsa da havacilikta hala
kullanilmaktadir. Bunun nedeni ise miihendisligin temeli olan en optimum degeri en az maliyetle ortaya
koymasidir. Bu ¢aligmada pergin takviyeli pekistiricili panellerde gerilme yigilmalari, pergin kenar orani gibi
tasarim kriterleri géz 6niine alinarak en uygun per¢in ¢ap1 ve bu perginler arasindaki mesafe belirlenmistir.

YONTEM

Calismanin ana amaci farkli giiclendirici tasarimlari ve panel yapilarinin burkulma kabiliyetlerini
iyilestirmek ve ayni agirlikla daha fazla yiik tasima kapasitesine sahip paneli hem deneysel hemde analiz
yontemi kullanarak optimum bir panel tasarimi olugturmaktir. Bunun i¢in ANSYS program kullanilmustir.

ANSYS Kkiitliphanesi i¢indeki elemanlar arasinda, pekistirilmis plaka modellerini ayirmak igin
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SHELL 181 eleman tipi secilmistir. SHELL181 dogrusal, egri, inceden baslayip orta kalinliktaki kabuk yapilar1
modellemek i¢in olduk¢a uygundur ve 6genin her diigiimiinde alt1 serbestlik derecesi vardir. Bunlar diigiim x,
y ve z yonlerinde 6telemeler ve diigiim x, y ve z eksenleri etrafindaki donmelerdir. SHELL181, dogrusal,
biiyiik donmeli ve/veya biiyiik birim-gekil-degistirmeli dogrusal olmayan uygulamalar igin ¢ok uygundur.
Kabuk kalinligindaki degisim, dogrusal olmayan analizlerde hesaba katilir. (ANSYS 2020).

Yapisal analiz ¢oziimlerinde dogrusal olmayan malzeme o6zellikleri ve dogrusal olmayan geometri
oOzellikleri kullanmak bizleri gercek ¢oziime yaklastirmaktadir. Dolayisi ile ¢alisma boyunca yapisal blok
icerisindeki “Engineering Data (Malzeme Verileri)” boliimiinde Johnson Cook parametreleri ile girilmis
dogrusal olmayan malzeme 6zellikleri entegre edilmistir. Calismada kullanilan malzeme tiirii Al 2024 T3 Clad
alagimi olup bu malzeme 6zellikleri Tablo 1°de verilmistir.

Tablo 1. A/ 2024 T3 Clad Malzeme Ozellikleri (Seidt & Gilat, 2013)

Young Modiilii (Elastite Modiilii) (E) 73700 MPa
Poisson Orani (v) 0,33
Yogunluk (p) 2780 kg/m?
Akma Gerilimi (a) 360 MPa
Nihai Gerilim (o) 471 MPa
Johnson Cook A Parametresi 310 MPa
Johnson Cook B Parametresi 490,8
Gerinim Giiclenme Ustel Kat Sayis1 (n) 0,4
BULGULAR

Yapilan burkulma analizi calismalarinda, elle hesaplamanin zor olmasiin yaninda belirsizlik
icermesinden ve bircok test diizenegi gerekliliginden dolayi, sanal test kullanilarak analiz sonuglar1 elde
edilmistir. Gergeklestirilen sanal testler ANSYS R2 2020 sonlu elemanlar paket programi kullanilarak analiz
sonuclarina ulagilmistir. Sekil 1°de 4, 5 ve 6 pekistiricili panel modeline ait analiz akis semas1 gosterilmektedir.
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Sekil 1. Dort, Bes ve Alti Pekistiricili Panellerin Analiz Akis Semalart

Dogrusal olmayan geometri 6zelligini kullanmak i¢in ise program igerisindeki “Large Deflection
(Yiiksek Deformasyon)” komutu aktif hale getirilmistir. Sonraki asamada ise modele “mesh (Coziim Ag1)”
komutu ile ag atma yontemi gerceklestirilmektedir. Bu islem ile modele sonlu elemanlar metodu uygulanmis
olur ve model son asama olan sinir sartlarina hazir hale gelir. Yapilan ¢alismalar Tablo 2’de belirlenen sinir
sartlarinda uygulanmistir ve burkulma analizi i¢in Sekil 2°de modelin iist kenarindan +Z yoniinde 100 N/m yayili
yiik uygulanirken ¢okme yiikii analizinde ayni kenardan 2,5 mm deplasman tanimlanmustir.

Tablo 2. Simir Kosullar:

Yer Degistirme Rotasyon

X Y Z X Y Z
Alt Kenar 0 0 0 Sabit Sabit Sabit
Ust Kenar Serbest 0 Serbest Sabit Serbest Serbest
Sag Kenar Serbest 0 Serbest Serbest Serbest Sabit
Sol Kenar Serbest 0 Serbest Serbest Serbest Sabit
Sol Alt Kose Serbest Serbest 0 - - -
Sag Ust Kose 0 0 0 - - -

ASREL
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Sekil 1. Sinir Kosullar: Uygulama Kenarlar:

Tablo 3 Panel Boyutlari

Panel Boyutlar
Genislik 410 mm
Uzunluk 450 mm
Kalinlik 1 mm

e
1 1

Pekistirici Kalinhg
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£
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Sekil 3. Pekistirici Geometrisi

Tablo 4. Pekistirici Boyutlart

Pekistirici Boyutlar1
Uzunluk 450 mm
Radius 3.4 mm
Yiikseklik 20 mm
Web Uzunlugu 10 mm
Kalinlik 1 mm

ASREL
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Ayrica Tablo 3 ve Tablo 4’de de sirasi ile ¢alismada kullanilan panel boyutlar1 ve pekistirici boyutlar
gosterilmektedir. Burkulma ve Statik yapisal modiilii kullanilarak dogrusal olmayan burkulma analizi
gerceklestirilmistir. Kullanilan analiz yontemini dogrulamak amaciyla literatiirde gergeklestirilen (Cankur &
Giirses, 2017)’nin per¢inli kuvvetlendirilmis panel caligmasi baz alinmistir ve ¢alisma tekrar ayni yontemle
analiz edilerek karsilagtirilmistir,

SONUCLAR

Daha 6nceki boliimlerde modellerin simiilasyon ortaminda sonlu elemanlar analizine hazirlanisindan
bahsedilmistir. Bu boliimde yapilan ¢alismalar ii¢ alt baslikta ele alinmistir. Bunlar sirasiyla;

A. Percinli Panel Optimizasyon Calismasi

Percinli pekistirici takviyeli panel tasarimlarinda gerilim yigilmalar1 probleminden bahsedilmisti.
Gerilim y181lmalar1 pergin ¢eperlerinde meydana gelip pekistirici flaginin gerilmeler sonucu ¢atlamasina sebep
olmaktadir. Dolayist ile per¢inli modellerde pergin ¢ap1 ve perginler arast mesafe oraninin optimum olarak
belirlenmesi gerekmektedir. Sekil 4’te goriildiigi tizere pergin ¢ap1 (d) ve perginler arasi mesafe (S)
parametreleri gosterilmektedir.

o w:ulw 200 [
30 50

00 15000

Sekil 4. S ve d Parametrelerinin Gésterimi

Bu ¢alismada, perginli kuvvetlendirilmis ayni panel boyutlarinda 34 perginli pekistiriciden 23 perginli
pekistiriciye kadar per¢in sayisi kademeli olarak azaltilarak ¢okme yiikleri hesaplanmistir. Bunlara karsilik
olarak S/d orani ifade edilmistir. Sonuglar Tablo 5’te verilmistir. Bu sonuglara gore; S/d oraninin 4,5 olmasindan
sonra artan S/d oranlarinda, ¢okme yiikii dayaniminin ciddi anlamda diistiigii gdzlenmistir.

Tablo 5 ’te goriildiigi tizere S/d orani 4 olarak baslayan analiz sonuglar1 S/d 4,5 degerine gelene kadar
her adimda %0,32-%0,26 araliginda ¢okme yiikii dayaniminda zayiflama gosterirken S/d 4,5 degerinden 4,7
degerine geciste ¢cokme yiikiinde %4,86’lik bir azalma meydana gelmektedir. Aymi sekilde ilk burkulma
yiikiinde de S/d oraninin 4,5 oranina kadar %0,09-%0,1 araliginda diisen burkulma dayanimi, bu S/d oraninin
artmast ile ilk burkulma yiikiindeki distsler %0,25’e kadar c¢ikmaktadir. Elde edilen sonuglarin
kargilagtirilmasi amaciyla (Cankur & Giirses, 2017)’ye ait veriler Tablo 5 te farkli renkte ilave edilmistir. Hem
literatiirdeki hem de bu ¢aligmada elde edilen veriler inceleginde biiyiik bir uyum goriilmektedir.

AsRE L | ——



Pekistirilmis Panellerin Sanal Testi

Tablo 5. Per¢inli Pekistiricili Panel Analiz Ciktilar

Pergin (s/d) Mesh Ik Burkulma Cokme Cokme Yiikii (KN)
Sayisi Orant Kalitesi Yiiki (KN) Yiikii (KN) (Cankur & Giirses, 2017)

34 4 0.82336 33.4441 114.57 113.06

33 4.1 0.82154 33.4118 114.20 112.83

32 4.3 0.82752 33.3563 113.64 112.65

31 4.4 0.82831 33.3452 113.33 112.36

30 4.5 0.82361 33.3131 112.44 112.06

29 4.7 0.82816 33.2291 106.97 108.89

27 5 0.83835 33.1563 105.28 107.85

23 6.1 0.84497 32.7161 102.60 103.25

B. Entegre Panel — Perc¢inli Panel Karsilagtirma Calismast

Hazirlanan dort, bes ve alt1 pekistirici modeller aragtirmalar sonucu elde edilen bilgiler dogrultusunda
analiz edilmistir. Elde edilen sonuglar su sekildedir. Analizler entegre olarak birlestirilmis 4, 5 ve 6 pekistiricili
paneller i¢in gerceklestirilmistir.

10
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000 0,00 200,00 (mem)

50,00 150,00

Sekil 5. Dort, Bes ve Alti Pekistiricili Panellerde Ik Burkulma
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Sekil 6. Dort, Bes ve Alti Pekistiricili Panellerde Cokme Yiikii

Sekil 5 ve Sekil 6’de gosterildigi lizere analizleri gerceklestirilen 4, 5 ve 6 pekistiricili panellerin yiik
carpani degerleri ve ¢cokme yiikleri Tablo 6’da gosterilmistir. Ayni 6zelliklere sahip 4, 5 ve 6 pekistiricili 30
adet perg¢in sayisina sahip perginli panel sonuglar1 de Tablo 7°de verilmistir.

Tablo 6. ilk Burkulma ve Cokme Yiikleri

Yiik Carpani Yiikiin Uygulanan ik Burkulma Cokme Yiiki

Uygulandig1 Yayli  Yik Yikii (kN) (kN)
Kenar (N/mm)
Uzunlugu
(mm)

4 Pekistirici 236.1 558.4 0.1 13.2 93.6

5 Pekistirici 396.4 595.8 0.1 23.6 116.9

6 Pekistirici 598.7 632.5 0.1 37.9 139.7

Tablo 7. Percinli Panel ilk Burkulma ve Ckme Yiikleri

Perginli Panel Pergin Sayist S/d Orani Uygulanan Ik Burkulma Cokme Yiikii
Yayli  Yik Yikii (kN) (kN)
(N/mm)

4 Pekistirici 30 4.5 0.1 12.4 78.7

5 Pekistirici 30 4.5 0.1 21.1 93.8

6 Pekistirici 30 4.5 0.1 33.3 112.4

Elde edilen sonuglara gdre entegre pekistiricili panel optimize edilmis 4.5 S/d oranina sahip perginli
panele gore ayn1 pekistirici sayilarinda ilk burkulma ve ¢okme yiiklerinde daha dayanikli oldugu sonucuna
varilmistir ve Tablo 8’de gosterilmistir.

ASREL
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Tablo 8. Perginli ve Entegre Panel Karsilastirmasi

Entegre ve Panel Tipi [k Burkulma Cokme Yiikii Yiizdelik Degisim
Per¢inli Panel Yiki (kN) (KN) ) )
Karsilagtirmasi Ik Cokme
Burkulma (%)
(%)
4 Pekistirici Entegre Panel 13.2 93.6 5.95 15.92
Per¢inli Panel 12.4 78.7
5 Pekistirici Entegre Panel 23.6 116.9 10.66 19.76
Perginli Panel 21.1 93.8
6 Pekistirici Entegre Panel 37.9 139.7 12.06 19.54
Per¢inli Panel 33.3 112.4

C. Entegre Panel Optimizasyon Caligsmasi

Bu boliimdeki analizler, yukaridaki boliimlerde bahsedilen 6 adet pekistiriciye sahip entegre panel ve bu
panelin agirligi sabit tutularak pekistirici sayisinin 5 ve 4’e indirilmesiyle olusan panellerle gerceklestirilmistir.
Once, panelin pekistirici sayis1 5’e daha sonra 4’ e indirilerek pekistiriciler kalinlastirilmis ve ayn1 agirhiga sahip
bu panellerde burkulma davranisi gozlenmistir. Daha sonra her farkli panel konfigiirasyonu i¢in burkulma
yiikiinii maksimize edecek optimizasyon ¢aligmasi yapilmig ve sonuglar tablo haline getirilmistir. 6, 5 ve 4 adet

AT 33

pekistiriciye sahip paneller sirasiyla adlandirilmis ve optimize edilmis hallerini belirtmek igin simgesi
kullanilmistir. Optimizasyon ¢alismasi sirasinda ana plaka kalinligi, Tablo 8’de belirtilen pekistirici kalinligi ve
pekistirici yiiksekligi degisken olarak atanmustir. Tablo 9°da goriinen web uzunlugu degistirilmemistir. Bu
sekilde farkli konfigiirasyonlar i¢in burkulma yiikiinii maksimum yapacak plaka ve pekistirici kalinliklari,

pekistirici yilikseklikleri bulunmustur.

Tablo 9. Panel Geometrileri ve Burkulma Yiikleri

Plaka Kalinligi Pekistirici Pekistirici Ik Burkulma
(mm) Kalinlig1 (mm) Yiiksekligi (mm) Yiikii (kN)

6 Pekistirici 1 1 20 37,9

6 Pekistirici* 1,188 0,715 18,935 47,965
5 Pekistirici 1 1,2 20 27,489
5 Pekistirici* 1,235 0,727 19,58 34,635
4 Pekistirici 1 1,5 20 16,691
4 Pekistirici* 1,3 0,75 18,79 22,78

Panel Agirliklart 791,24 gram (+/-5 )
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Sekil 7 muhtelif pekistirici sayisina sahip panellerin ilk burkulma cevaplarin1 gostermektedir. Sekil

7’den aym agirliklara sahip alti farkli panelden, 6 pekistiriciye sahip olan ve optimize edilmis panelin en
yiiksek burkulma yiikiine sahip oldugu goriilmektedir. Gerekli iiretim imkanina sahip olundugunda, en yiiksek

burkulma dayanimi i¢in bu panelin kullanilmasi 6nerilir.

6 Pekistiricili 6 Pekistiricili *

5 Pekistiricili *

4 Pekistiricili 4 Pekistiricili *

Sekil 7. Panellerin ilk Burkulma Davranislart

Tesekkiir
Yazarlar, Tiirk Ucak Sanayii Anonim Ortakligi (TUSAS) a bu ¢aligmanin ger¢eklestirmesinde sundugu

imkanlar nedeniyletesekkiirii bir borg bilirler.



Pekistirilmis Panellerin Sanal Testi

KAYNAKCA
ANSYS user’s manual (Version 2020 R2). Canonsburg, PA, Analysis Systems Inc; 2020.

Cankur, A., & Girses, E. (2017). Kirisle giiclendirilmis kabuk yapilar i¢in yapay sinir ag bazli analiz yontemi
gelistirilmesi. XX. Ulusal Mekanik Kongresi, Bursa, 5-9 Eyliil 2017, 66-74.

Fujikubo, M., & Yao, T. (1999). Elastic local buckling strength of stiffened plate considering plate/stiffener
interaction and  welding  residual  stress. Marine  Structures,  12(9-10), 543-564.
https://doi.org/10.1016/S0951-8339(99)00032-5.

Munroe, J., Wilkins, K., Gruber, M., & Domack, M. S. (2000). Integral Airframe Structures (IAS): Validated
Feasibility Study of Integrally Stiffened Metallic Fuselage Panels for Reducing Manufacturing Costs.
Technical Report: NASA/CR-2000-209337, July.

Ozdemir, M. (2019). Stifnerli Panellerin Iki Eksenli Yiikleme Altinda Burkulma/Gé¢me Davranislarinin
Incelenmesi. Gemi ve Deniz Teknolojisi, (216) , 17-31. https://dergipark.org.tr/tr/pub/gdt/issue/51529/668579

Seidt, J.D., & Gilat, A.(2013). Plastic deformation of 2024-T351 aluminum plate over a wide range of loading
conditions. International Journal of Solids and Structures, 50, 1781-1790.
http://dx.doi.org/10.1016/j.ijsolstr.2013.02.006.

Quinn, D., Murphy, A., McEwan, W., & Lemaitre, F. (2009). Stiffened panel stability behaviour and performance
gains with plate prismatic sub-stiffening.  Thin-Walled  Structures, 47(12), 1457-1468.
https://doi.org/10.1016/j.tws.2009.07.004.

Tekkanat, K., & Keles, O. (2020). Ugak kanadmin entegre gii¢lendirilmis panel yapilar1 kullanilarak yapisal
tasarimu. European Journal of Science and Technology, April, 64-T71.
https://doi.org/10.31590/ejosat.araconf9.



. Aerospace Research Letters (ASREL)
N EU DOI: 10.56753/ASREL.2022.2.3
PRESS

Cilt: 1 Sayi:2 Yil: 2022 Arastirma Makelesi / Research Article E-ISSN: 2980-0064

Optimization of Ni-Cr Alloy Coatings Produced Using the
Electrodeposition Method

Mehmet DEMIR!" (0 Erdogan KANCA® Ismail Hakki KARAHAN?

! Iskenderun Technical University, Faculty of Engineering and Natural Sciences, Hatay, Tiirkiye
2 Hatay Mustafa Kemal University, Faculty of Arts and Sciences, Hatay, Tiirkiye
*mehmet.demir@iste.edu.tr (Corresponding Author/Sorumlu Yazar)

Avrticle Info ABSTRACT
Article History Electrodeposition method is an important technique for obtaining metal, alloy or composite coatings. Ni-Cr
Received: 23/11/2022 alloy coatings obtained by electrodeposition method are preferred especially in corrosive environments. This

Accepted: 19/12/2022 study is about obtaining Ni-Cr alloy coating by electrodeposition method and determining optimization
Published: 31/12/2022 parameters using Taguchi method, which is one of the experimental design methods. Taguchi method has
been used to determine the experimental parameters due to the excess of parameters in the electrodeposition

Keywords: method. For this purpose, Taguchi L9 orthogonal array was chosen. As a parameter; three different levels of
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Corrosion, environments, the effects of the factors affecting the coating on the corrosion results obtained by the tafel
Taguchi, extrapolation method were investigated by signal-to-noise ratio, average effects and variance analysis.
ANOVA Corrosion rates (mm / year) of the curves obtained using the Tafel extrapolation method were determined.

Among the experiments, the best result was given by pH 2.5, temperature 40 °C, current density 200 mA/cm2
and the sample without stirring. In addition, it has been confirmed by scientific and statistical studies that
current density has dominant effects on Ni-Cr corrosion results.

Elektrodepolama Yéntemi Kullanilarak Uretilen Ni-Cr Alasim Kaplamalarin

Optimizasyonu
Makale Bilgileri oz
Makale Gec¢misi Elektrodepolama y6ntemi, metal, alasim veya kompozit kaplamalarin elde edilmesinde onemli bir tekniktir.
Gelis: 23/11/2022 Elektrodepolama yontemi ile elde edilen Ni-Cr alasimh kaplamalar ozellikle korozif ortamlarda tercih
Kabul: 19/12/2022 edilmektedir. Bu ¢aligma, elektrodepolama yontemi ile Ni-Cr alasim kaplama elde edilmesi ve deneysel tasarim
Yaymn: 31/12/2022 yontemlerinden biri olan Taguchi yontemi kullanilarak optimizasyon parametrelerinin belirlenmesi ile ilgilidir.

Elektrodepolama yonteminde parametre fazlaligi nedeniyle deneysel parametreleri belirlemek igin bu yontem
tercih edilmistir. Bu amagla Taguchi L9 ortogonal dizisi se¢ilmistir. Parametre olarak; pH, sicaklik, akim
yogunlugu ve karistirma hizinin ti¢ farkl seviyesi kullamilmistir. Korozif ortamlarda Ni-Cr kaplamalar tercih
edildiginden, kaplamay1 etkileyen faktorlerin tafel ekstrapolasyon yontemi ile elde edilen korozyon sonuglarina

Anahtar Kelimeler:
Elektrodepolama

KorOny)nv etkisi sinyal-giiriiltii oran1, ortalama etkiler ve varyans analizi ile incelenmistir. Tafel ekstrapolasyon yéntemi
Taguchi, kullanilarak elde edilen egrilerin korozyon oranlar1 (mm/yil) belirlenmistir. Deneyler arasinda en iyi sonucu pH
ANOVA 2.5, sicaklik 40 °C, akim yogunlugu 200 mA/cm2 ve numunenin karigtirllmamasi vermistir. Ayrica akim

yogunlugunun Ni-Cr korozyon sonuglari ilizerinde baskin etkilere sahip oldugu bilimsel ve istatistiksel
caligmalarla dogrulanmustir.

“This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)”
BY NC

ASREL


mailto:mehmet.demir@iste.edu.tr
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-8372-5856
https://orcid.org/0000-0002-7997-9631
https://orcid.org/0000-0002-8297-3521

Optimization of Ni-Cr Alloy Coatings Produced Using the Electrodeposition Method

INTRODUCTION

Hard chrome coatings reduce the surface roughness and wear of the materials while increasing their
corrosion resistance. Because of these superior corrosion and wear properties, hard chrome coatings are
used quite frequently in decorative, aerospace, automotive and many other industries. However, due to
the toxic nature of +6 valent Cr ions and the increased sensitivity of people to harmful wastes, their use
is either banned or restricted in many countries. Due to these limitations, studies in recent years have
focused on trivalent Cr coatings, which are environmentally friendly, convenient and low-priced.
However, itis known that trivalent chrome coatings alone do not show good corrosion and wear properties
like hard chrome coatings. The properties of these coatings can be improved by the addition of metals
from the iron family (Ni, Co, etc.) (He et al., 2013; Sheibani Aghdam, Allahkaram, & Mahdavi, 2015).
Chromium with nickel; They are preferred for their good corrosion and high oxidation resistance and high
temperature resistance (Demir, 2021; Etminanfar & Heydarzadeh Sohi, 2012; Peng, Zhou, Wang, &
Zhang, 2004; Sheibani Aghdam et al., 2015; Zhang, Liu, Bai, & Liu, 2015).

It is one of the most widely used methods to protect the materials from external factors by coating
them and to gain the desired properties. One of the coating methods is the coating of materials by
electrodeposition method. It is relatively simple among various coating methods, allows coating materials
with mixed geometries, does not require high cost vacuum systems, many test parameters can be
controlled, offers coating thickness from a few nanometers to microns, has the possibility to store at room
temperature and low installation cost electrodeposition method stands out compared to other coating
methods. The coatings obtained by this method can be used for a wide variety of purposes such as
protection, decorative, corrosion resistance, magnetic property, heat resistance, abrasion resistance,
lubricity, electrical permeability and jewelry coatings (Demir, Kanca, & Karahan, 2020; Dini, 1993;
Gamburg & Zangari, 2011).

The electrodeposition process depends on experimental parameters such as a strong bath
composition, pH, deposition potential or current, temperature, stirring speed, time, etc. (Firouzi-Nerbin,
Nasirpouri, & Moslehifard, 2020; Kunyarong & Fakpan, 2018). Considering the multitude of parameters
in the electrodeposition method, the application of experimental design methods is an extremely efficient
approach in order to both perform the experiments in the most efficient way by considering economic
conditions and time constraints, and to interpret the results correctly (to be able to detect the relationship
between controllable or uncontrollable factors and their outputs and to optimize them) (Demir, 2015;
Gupta, Pandey, Garg, Khanna, & Batra, 2014). With the experimental design method, the necessity of
doing experiments repeatedly is eliminated. However, it is seen that experimental design methods are not
used much in the studies encountered.

Jeyaraj et al. carried out a study for the deposition of micron-sized chromium particles in a nickel
matrix with electrodeposition principles. The bathroom content detection experiments were designed with
the Taguchi experimental design approach, with the L27 orthogonal array. They used 5 different variables
and 3 different levels in their designs. These were determined as current density, pH, temperature, bath
particle density and stirring rate. The effects of the aforementioned electrodeposition parameters on the
coating hardness were investigated with mean effects, signal-to-noise ratio and analysis of variance
(Jeyaraj, Arulshri, Ramesh, & Muthukumaran, 2018).

Giler and Karakaya conducted a study on the deposition of Ni and MoS2 particles together. In their
studies, they used L8 orthogonal arrays according to the Taguchi experimental method. As variable
parameters; two different levels of MoS2 particle content, temperature and coating were used. As a result,
they examined the effects of these variables on the material internal stress (Giiler, 2017).

Hou and Chen used statistical Taguchi method to produce Ni-W/AI203 composite coatings by
electrodeposition method. In their study, they produced the coatings by forming L9 orthogonal arrays
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from the three parameters of current density, pulse frequency, AI203 concentration and duty cycle. As a
result; They found that the Taguchi method is useful in the selection of parameters that will determine
the chemical, physical and mechanical properties of coatings (Hou & Chen, 2011).

As can be seen from the studies mentioned above, the use of experimental design methods in the
optimization of the electrodeposition method is quite limited. In this study, the effects of production
parameters on the corrosion behavior of Ni-Cr alloys were investigated with statistical and scientific
approaches. The parameters affecting the coating are current density, pH, temperature and stirring rate,
which were determined with the support of the literature. The effect of three different levels of these
parameters on coating corrosion resistance was investigated.

METHOD

The bath components used in the study are given in Table 1. Watt type bath containing 200 mL of
electrolyte was used for electrodeposition and 15 x 15 x 5 mm dimensions were used as a substrate.

Table 1. Bath composition

Electrolyte composition Amount Function
NiSQ4.7H.0 50 g/L Source of Ni?*
NiCl,.6H,0 45 g/L Source of Ni?*
CrCls. 6H,0 75 g/L Source of Cr3*
H3;BO3 50 g/L Buffer agent
CesHsO7 70 g/L Buffer agent
NasCsHs07.2H,0 105 g/L Complexing agent
NaCi2H25S04 (SDS) 0,2 g/L Wetting agent

While the substrate is not cleaned well, the adhesion force between the coating and the substrate
will be weak and will adversely affect the deposition of the coating. In addition, foreign materials such
as unwanted rust, dirt and oil on the surface will adversely affect the bath composition. In cleaning the
substrate material, it was first sanded with three different sandpapers (600-1200-2400) to clean it
mechanically. After sanding, the substrate was cleaned with acetone, and the acetone was then washed
away with distilled water. Then an alkaline solution, methanol, was used to clean it, and distilled water
was used to rinse it. It was then cleaned with distilled water, prepared for deposition, and etched for 20
seconds in a 20% concentrated HCI acid solution.

Prior to the electrodeposition procedure, all baths were stirred using an ultrasonic stirrer of the
Hielscher UP 200 S brand for 5 minutes at 0.5 cycle value and 50% amplitude values. A continuous
current of 200 mA/cm2 was used to deposit the coatings on the surfaces. For electrodeposition, a Watt
type bath with 200 mL of electrolyte was employed. H2SO4 or NaOH was added to the bath to bring the
pH down to 2.5. The electrolyte temperature was maintained at 40+1 °C throughout the procedure.
Through the use of a CHI 608 model device and the cyclic voltammetry technigue (CV), electrochemical
characteristics of solutions with additional sugar were studied. At a rate of 10 mV/s, scanning was done
in the potential range of 1.5V to -1.5 V.

Using a Thermo Scientific Apreo S SEM with Ultra Dry EDS and Quasor Il EBSD detectors
working at 30 kV acceleration voltage, metallographic examinations were performed on the sample
surfaces. By performing X-ray diffraction (XRD) analyses in a computer-controlled RIGAKU SmartLab
with Cu Ka radiation (= 0.154 nm) and 2 angles ranging from 5° to 90°, the phases produced on the AISI
1040 surface were identified.
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Using the CHI 608E analyzer test apparatus, electrochemical corrosion tests of the coatings were
performed in a 3.5 wt% NaCl solution. Using a three-electrode coupling device running at room
temperature, the Tafel for the samples was obtained [15]. The corrosion cell included a working electrode
that was mounted on the test sample, a counter electrode, a reference electrode, and a holder. The open
circuit potential range of -250 mV to +250 mV was used for the potentiodynamic corrosion experiments,
and a potential scanning rate of 0.1 mV/s was used. The results of each corrosion test were averaged after
being run three times.

The electrodeposition conditions were changed by keeping the bath components constant. As a
result of the studies conducted in the literature, it has been determined that four different factors play an
active role in the results of the electrodeposition. Three different levels of these four factors were included
in the experimental parameters to be investigated. Electrodeposition conditions and bath components
were determined in accordance with the literature (Table 2, Table 3) (Bahrami Mousavi, Baghery, Peikari,
& Rashed, 2012).

Table 2. Factors and levels affecting the coating

Levels
Experimental Factors  Units 0 "
pH - 2,5 3,5 4,5
Heat °C 30 40 50
Current Density mA/cm? 100 200 250
Stirring rate rpm 0 100 300

If these three-level, four-parameter coatings were to be made with a full factorial experimental
design, it would have to be done with 34=81 experiments. In order to recognize and verify the effects of
electrodeposition parameters on the corrosion of Ni-Cr alloy coating, the Taguchi approach proposed the
L9 sequence. The factor levels of the proposed L9 series are given in Table 3.

Table 3. Factor levels

Parameters

Name Current L
pH Heat Density Stirring Rate

T1 I I I I
T2 I I It I
T3 I 11 I 11
T4 I I I 11
T5 I I I I
T6 I 11 I Il
T7 11 I I I
T8 I I I 11
T9 I 11 I I

FINDINGS / RESULTS

The potential values of nickel and chromium sources added to the solution for the Ni-Cr bath were
determined by the Cyclic Voltammetry (CV) method. First of all, the CV graph of the nickel sulfate bath added
to the bath is given separately because it is different from the others. CV studies were carried out by adding
only boric acid, citric acid, sodium citrate dehydrate and nickel sulfate to the deposition bath. The study was
carried out at a scanning rate of 10 mV/s and a range of 1.6 V to -1.6 V. The CV graph obtained is given in
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Figure 1. A sudden increase in current around -0.9 V can be observed in the figure. This indicates that nickel
has started to be deposited. In the range of -0.9 V to 1.3 V, the current remained constant at 0 mA and no
reduction reaction took place in this range. With the scanning direction turning from the cathodic to the anodic
side, a dissolution peak around -0.4 V was detected. This indicates the dissolution range of the stored Ni metal.
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Figure 1. Cyclic voltammetry plot of the nickel sulfate bath

In addition to nickel sulfate, first nickel chloride and then chromium chloride were added to the storage
bath to obtain CV graphs. The study was carried out at a scanning rate of 10 mV/s and a range of 1.6 VV to -1.6
V. As seen in Figure 2, the reduction potential with nickel chloride added to the nickel sulfate bath was around
-0.85 V. At the same time, the current value between 0 V and 0.83 V was around 0 A and no reduction occurred.
When switching to the anodic side, a dissolution peak of around -0.35 V was obtained. Then, with the
chromium chloride added to the bath, the reduction potential shifted to the positive side by about 0.13 V and
was obtained around -0.7 V. In addition, the current range, which is constant at 0 A, where reduction does not
occur, is observed between -0.7 V and -0.2 V. Although the anodic dissolution peak occurred around -0.35 V,
similar to the previous bath, it was determined that the obtained peak was larger as seen in section A. This
information shows that the deposition takes place in a single phase (Ersin Unal, 2016). This is in line with the
CV studies of NiSO4 alone and NiSO4+NiCI2 baths in the work of Unal and Karahan on Ni-B coatings (Unal
& Karahan, 2018).
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Figure 2. Cyclic voltammetry curves from baths

The preferred corrosion measurement technique has been the Tafel extrapolation method. As a result of
the test, the corrosion rate of the sample (mm/year) was taken. Tafel graphs taken from the obtained coatings
are given in Figure 3. If a preliminary assessment is made of the Tafel results, it can be said that the sample
closer to the potentially positive side has better corrosion resistance. However, this alone is not sufficient for
evaluation. At the same time, the fact that the current has logarithmically smaller values shows that the
corrosion resistance of the sample is better (Wang et al., 2022).
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Figure 3. Tafel curves of Ni-Cr coatings

Corrosion values (mm/year) were determined as a result of the analysis of Tafel curves. Optimization of
these values was determined by the Taguchi method. The S/N ratios of the experimental data were calculated
in Table 4 to determine the variable levels that give the optimal corrosion value.
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Table 4. Assignment of level and factor values and experimental results

Parameters

irri Corrosion Rate S/N Rate

Nme o Tempraure QRO SR Clamien 9
(mA) (rpm)

T1 2,5 30 100 0 0,31928 9,91657
T2 2,5 40 200 100 0,22260 13,04950
T3 2,5 50 250 300 1,20421 -1,61404
T4 35 30 200 300 0,35941 8,88820
T5 35 40 250 0 0,62001 4,15203
T6 35 50 100 100 1,32486 -2,44340
T7 45 30 250 100 0,94488 0,49247
T8 45 40 100 300 0,72898 2,74569
T9 45 50 200 0 0,26492 11,53771

Table 4 shows the effects of pH, temperature, current density and stirring rate on the corrosion value.
According to Table 5, the level that gives the smallest value is the best value for that parameter. If this situation
is examined from the chart; 2.5 pH, which is the smallest preferred pH value among the experiments, had the
lowest corrosion value. For temperature, it was obtained at the second level, 40 °C. 200 mA/cm2, which is the
second level, gave the best value in current density. At the stirring rate, the first level without stirring gave the
smallest value. These parameters, which affect the corrosion result, are examined below, respectively.

Table 5. Corrosion values and order of factors

Temperature Current Stirring
Level pH ?o ) Density Speed
(mA) (rpm)
1 0,47 0,54 0,79 0,34
2 0,77 0,43 0,25 0,83
3 0,65 0,93 0,92 0,76
Difference 0,29 0,50 0,67 0,49
Ranking 4 3 1 2
pH Effect

The pH value was limited between 2.5 and 4.5 by the literature review in the study. The effect of pH on
corrosion of Ni-Cr alloy coating is shown in Figure 4. The best pH value was found to be 2.5 in the proposed
bath. Control of internal stress in coatings occurs with pH. In order to obtain acceptable internal stress values,
low pH is generally preferred (Mohamed & Golden, 2016; Schlesinger & Paunovic, 2010). However, this
situation is different for each solution and is experimental. There is no linear behavior between the increase in
pH value and the increase in corrosion resistance. In corrosion behavior, it is seen that when the pH value is
4.5, it gives better corrosion resistance than 3.5.

Researchers working on Ni-Cr alloy coating used different pH values in their studies. In general, the
preferred pH value for the researchers was between 2 and 3 and is consistent with our study (Etminanfar &
Heydarzadeh Sohi, 2012; Firouzi-Nerbin et al., 2020; Sheibani Aghdam et al., 2015; J. Sun, Du, Lv, Zhou,
Wang, & Qi, 2015; Surviliene, CeSuniene, Selskis, & Butkiene, 2013; Tharamani, Hoor, Begum, & Mayanna,
2006; Zhang et al., 2015). Studies on determining the pH range of the Ni-Cr alloy have used the range of 1.5
to 4 (X. Li-jian et al., 2017; Yang et al., 2006). Xu Li-jian's study also determined the pH value with the
highest Cr storage amount and hardness value as 2.5 (X. Li-jian et al., 2017). Yang Yu-fang also obtained the
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highest hardness value at pH 2.5 (Yang et al., 2006).

In coatings obtained by electrodeposition method other than Ni-Cr, the change of pH, which is the acidity
value, depends on the coating hardness (Ferkel, Miiller, & Riehemann, 1997; Jeyaraj et al., 2018), the amount
of particles present in composite coatings (Jeyaraj et al., 2018; Kim & Yoo, 1998; Lee, Lee, & Jeon, 2007;
Low, Wills, & Walsh, 2006; Narasimman, Pushpavanam, & Periasamy, 2011; Srivastava et al., 2017; W. chang
Sun, Zhang, Zhao, Tian, & Wang, 2015), zeta potential (Lee et al., 2007; Xu, Wang, Dong, Jiang, & Tu, 2005)
and surface properties (NIU et al., 2007) are studies that affect the results. The fact that the results are not
linear with the differentiation of pH has been confirmed not only in terms of corrosion, but also in the
aforementioned results.
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Figure 4. The effect of pH value on a) corrosion b) S/N ratio

Effect of Temperature

Nickel baths are usually deposited at temperatures between 30 °C and 60 °C (Bathini, Prasad, &
Wiasekar, 2022; You et al., 2022; Zhou et al., 2022). Therefore, the range of 30-50 °C was chosen to detect the
effect of temperature on the coating. Figure 5 shows the effects of bath temperature on the corrosion behavior
of the Ni-Cr coating. It has been observed that the room temperature level is not compatible for corrosion.
With the increase in temperature up to 40 °C, samples with better corrosion values were obtained. With the
increase in temperature more than this value, the decrease in the negative direction was quite high. Due to the
two opposing effects of temperature, it is thought that when starting from room temperature and increasing the
temperature, the deposition becomes more homogeneous and fine-grained as diffusion accelerates. However,
it is thought that there is a decrease in the corrosion resistance of the coating due to the effect on the cathode
polarization with the continuation of the temperature increase (Morana, 2006). These reciprocal effects make
it difficult or impossible to determine the operating temperature for any given bath, so the temperature must
be determined experimentally.

Ni-Cr coatings are generally studied at room temperature and 30 °C temperature due to the difficulty of
heating the coating bath and keeping it at a constant temperature (Etminanfar & Heydarzadeh Sohi, 2012;
Huang, Chang, Chen, Liao, & Mayer, 2013; Kunyarong & Fakpan, 2018). Articles examining the temperature
range in Ni-Cr coating studies have chosen the range of 30 to 50 °C (Surviliene, CeSuniene, et al., 2013; Yang
et al., 2006). Jeyaraj, in his study on optimizing Ni-Cr composite coating, made an examination between 30
and 60 °C temperatures and determined that the ideal value is 45 °C. He stated that the hardness of the coatings
obtained below or above this temperature value is adversely affected (Jeyaraj et al., 2018). Gamburg and
Zangari reported that the ideal temperature for Cr deposition is 40 °C in the Cr related chapter of their book
(Gamburg & Zangari, 2011).
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Apart from Ni-Cr coatings, similar temperature ranges have been used in studies on the deposition of
different alloy or composite coatings by electrodeposition method. Kerimzadeh et al. In their review studies,
they stated that the Ni-Co temperature range was inconsistent in terms of temperature among the researchers.
However, they reported the temperature range as 40-60 °C in their bath recommendations (Karimzadeh,
Aliofkhazraei, & Walsh, 2019). Narasimman et al. They examined the range of 30-60 °C in Ni/SiC
electrodeposition studies (Narasimman et al., 2011). Accurate control of the operating temperature in the
electrodeposition process is a vital factor for the proper performance of the electrolyte (Karimzadeh et al.,
2019).
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Figure 5. The effect of temperature value a) corrosion b) S/N ratio

Effect of current density

The effect of current density on corrosion of Ni-Cr alloy coating is shown in Figure 6. According to
Figure 6, the current density value that gives the best corrosion resistance is 200 mA/cmz2. It is seen that the
corrosion resistance value has increased slightly compared to 100 mA/cm2. The main reason for this is the
increase in the amount of Cr accumulated with increasing current density values (Huang, Chen, Chen, Kelly,
& Lin, 2014; Huang, Lin, & Chen, 2009). It is known that the increase in the presence of Cr in the coating
improves the corrosion resistance (Etminanfar & Heydarzadeh Sohi, 2012; Kunyarong & Fakpan, 2018). At
higher current density levels, increasing the presence of Cr metal increases cracks in the coating. The
characteristic feature of Cr coatings is that they contain cracks (Surviliene, Ce$iniené, Selskis, & Butkiené,
2013; Tavoosi & Barahimi, 2017). In addition, increased current density can cause irregularities in the coating.
Many researchers have investigated in their research that higher current density levels are not suitable for
improved deposition and final properties (Jeyaraj et al., 2018).

In studies investigating the effect of current density, it was similarly supported that the change in
corrosion values with the change of current density is not linear. Aghdam took it in the range of 170, 190, 210
mA/cm2 and obtained the best corrosion value at 190 mA/cm2 (Sheibani Aghdam et al., 2015). Sun et al. The
microhardness values of the coatings obtained at different current density values (150-350 mA/cm2) for Ni-Cr
coatings were examined. In their study examining the effect of current density on microhardness, they
determined the current density, which gives the best hardness value, as 250 mA/cm2 (J. Sun, Du, Lv, Zhou,
Wang, Qi, et al., 2015). Similarly, for this case, it shows that there is no continuous increase in the hardness
value with the increase in current density. Razaghi et al. They examined the current density in the range of 100
to 400 mA/cm2 and its effect on the amount of Cr. They reported that the amount of Cr increased with the
current density, but the corrosion resistance first increased and decreased with the increase of the current
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density value (Razaghi, Rezaei, & Tabaian, 2020).
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Figure 6. Effect of current density value on a) corrosion b) S/N ratio

Effect of stirring rate

The effect of stirring rate on corrosion of Ni-Cr alloy coating is shown in Figure 7. As can be seen from
Figure 7, the condition where the bath is not stirred in the production of the Ni-Cr alloy coating has the best
corrosion resistance. In this case, it can be concluded that if there are no particles in the coating bath, there is
no need for stirring. A rapid decrease in corrosion resistance was observed when the bath was stirred rapidly.
It can be shown that the main reason for this is that the ions in the bath had a problem in adhering to the
substrate by hitting the substrate quickly when the bath was stirred.
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Figure 7. Effect of stirring rate value on a) corrosion b) S/N ratio

Stirring is generally not required to obtain alloy coatings. In such coatings, stirring is needed when
particles are added to the coating bath. Maintaining a homogeneous temperature in the plating bath, keeping
both ions and particles suspended in the electrolyte, and aiding their transport through the cell are the main
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reasons for using stirring. At the same time, a correct stirring is important in the uniformity of the coating
thickness (Garcia-Lecina, Garcia-Urrutia, Diez, Morgiel, & Indyka, 2012; Mohamed & Golden, 2016).

In this study, the effect of stirring rate on the Ni-Cr alloy coating was investigated. Researchers working
on Ni-Cr alloy coating generally did not need stirring (Adelkhani & Arshadi, 2009; Kunyarong & Fakpan,
2018; X. U. Li-jian, Zhu-ging, & Jian-xin, 2007; Peng et al., 2004; Razaghi et al., 2020; Saravanan & Mohan,
2011; Sheibani Aghdam et al., 2015; Surviliene, CeSuniene, et al., 2013; Zhang et al., 2015). This study
supports the result that no stirring gives the best corrosion resistance. In addition, there are studies that obtain
coating by stirring. The values of 300 rpm (Firouzi-Nerbin et al., 2020; Huang et al., 2013; Huang, Chen, Hsu,
& Lin, 2007; YOUSEFI, Irannejad, & SHARAFI, 2019), 250 rpm (Etminanfar & Heydarzadeh Sohi, 2012),
180 rpm (Zhong et al., 2013) were used in the studies and these values are suitable for the ranges selected in
the study.

In the studies performed outside the Ni-Cr alloy coating; In the study on Ni/SiC coating, the stirring
range of the coating bath was selected in the range of 50-400 rpm, and it was not observed that the storage rate
first increased and then decreased (Lee et al., 2007). Bahadormanesh and Dolati changed the stirring rate
between 100 and 800 rpm in Ni-Co/SiC composite coating studies and measured the amount of SiC in the
coating. They stated that with the increase of stirring rate, the accumulation rate first increased and then
decreased (Bahadormanesh & Dolati, 2010). Jeyaraj used 250-300-350 rpm stirring rate in their studies in
which they embedded Cr particles in Ni matrix. At this stirring rate, the highest hardness was obtained at 250
rpm (Jeyaraj et al., 2018). As seen in these studies, the increase in stirring rate shows the necessity of optimizing
even in the case of particles in the coating bath. The stirring rate was not investigated in non-particle alloy
coatings. In this study, the effect of stirring rate on corrosion was investigated.

ANOVA Analysis

It is useful to perform statistical analyzes to confirm the reliability of the results. The Taguchi method is
used to optimize a single answer. In one case, the smaller is better, while in the other case, the large is better.
Multivariate analysis of variance (ANOVA) can be used in the optimization of multiple outputs. In this way,
the effect percentages of the parameters on the results can be determined. The analysis of variance method was
applied for Taguchi (L9) orthogonal array and the effects of input parameters on corrosion were investigated
(Table 6).

Table 6. Variance analysis of corrosion values according to S/N ratios

Degrees of Sum of Mean = p
Freedom Squares Squares
pH 2 18,64 9,32 8,67 0,23
Temperature 2 31,76 15,88 14,76 0,18
Current Density 2 179,14 89,57 83,28 0,08
Stirring Speed 2 51,42 25,71 23,90 0,14
Error 1 1,08 1,08
Total 9 282,03

The parameter with a P value close to zero has a greater effect on the result (Giiveng, Cakir, &
Mistikoglu, 2019). In the ANOVA charts, the ratios of the parameters affecting the corrosion rate were
calculated as percentages. When Table 6 is examined, it is seen that the parameter that most affects the
corrosion resistance of the coatings is the current density with 63.76%. It is seen that the following parameters
are stirring rate with 18.3%, temperature with 11.3% and pH value with 6.64%, respectively. Statistically, the
approximation of R2 value to 1 indicates the closeness of the prediction model to the real relationship. Since
R2 is 97.49% in the predictive equation obtained in this study, its acceptability is quite high. In addition, in
Figure 8, the percentages of the factors are shown as pie charts.
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Figure 8. Pie chart of the effects of factors on corrosion rate
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Validation Experiment

Taguchi experimental design method was used in this study on the coating of Ni-Cr alloy coating on
AISI 1040 steel substrate by electrodeposition method. Three different levels of four different factors affecting
the coating method were determined and experimental parameters were obtained according to Taguchi L9
orthogonal. Experiments were carried out according to the obtained experimental parameters and the
experiments were subjected to corrosion in 3.5% NaCl. Corrosion values were measured by Tafel extrapolation
method and corrosion rates were determined in mm/year. According to the Taguchi analysis; It shows that the
best values are 2.5 for pH, 40 °C for temperature, 200 mA/cm2 for current density, and no stirring gives the
best results, respectively. However, among the nine experiments, there was no level set that gave this best
result. Therefore, a confirmation experiment is required (Mohamed & Golden, 2016; Pattanaik, Satpathy, &
Mishra, 2016; Siddhartha, Patnaik, & Bhatt, 2011). The graph of the validation experiment obtained by the
Tafel extrapolation method is given in Figure 9.
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Figure 9. Confirmation test tafel curve
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The corrosion rate and test parameters calculated according to the obtained Tafel curve are shown in
Table 7. According to the table, it is seen that the T2 coating, which gives the best results among the L9
orthogonal, is subject to approximately 0.07 mm less corrosion per year. In addition, -738 mV was measured
for the corrosion voltage verification sample and it was determined that it shifted to the positive side of 8 mV
compared to the T2 sample.

Table 7. Confirmation test parameters and corrosion rate

Experiment Parameters

Current - Corrosion Rate
Name oH Tem?oeé;:\ture Density Stlrr(lrng rT?)peed (mm/yl)
(mA) P
Validation 2,5 40 200 0 0,15100

SEM picture of the coating obtained as a result of the validation test at 5000x magnification are given
in Figure 10. As seen in Figure 10, cracks were observed in the Ni-Cr coating as seen in previous studies
(Surviliene, Ce§tniené, et al., 2013; Tavoosi & Barahimi, 2017). The presence of cracks is characteristic of
Ni-Cr coatings. To eliminate this situation, particles or additives should be added to the bath. Also, the
morphology of the Ni-Cr coating exhibited a typical spherical nodular structure (Demir et al., 2020; Sheibani
Aghdam et al., 2015).

Figure 10. SEM image of the sample obtained by the validation experiment

Figure 11 shows the XRD analysis of the Ni-Cr alloy coating obtained as a result of the verification test.
Angle values and DB card numbers of the obtained peaks are given in Table 8. The most striking point in the
graph is the presence of nickel-specific diffraction peaks. The most intense peak in the sample (111) was the
peak. An alloy of 0.16 (Ni>Crz3) was found at approximately 44.5, 51.8 and 76.3 degrees, which corresponds
to the 20 value at which Ni peaks occur. The presence of this peak is consistent with the literature (Suswanto,
Muhammad Suchaimi, Hariyati Purwaningsih, Rochman Rochiem, 2017).
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Figure 11. X-ray diffraction patterns of Ni — Cr alloy coating

Table 8. Angle values and DB Card numbers

Chemical 2-theta Phase Name DB Kart Numbers
Formula (degree)
444 111
Ni 51,8 200 00-004-0850
76,3 220
18,6 100
Cr 444 110 01-073-9565
444 111
(Cr2Nizs)o.16 51,8 200 01-077-7616
76,3 220
CONCLUSION

Ni-Cr coatings were produced on AISI 1040 steel using the Taguchi experimental design method with
the electrodeposition method, and the result giving the best corrosion value was determined. The results
obtained are briefly summarized below.

* Deposition voltages of metal source salts added to the bath were determined by cyclic voltammetry
technique (CV). Baths containing nickel sulfate, nickel sulfate + nickel chloride and nickel sulfate + nickel
chloride + chromium chloride were analyzed, respectively. As a result, metal sources added to the bath changed
the reduction peaks. It was determined that the bath containing three metal salts gave the highest dissolution
peak and had single-phase peaks.

* The effects of four different parameters on the corrosion rate were investigated in the deposition of Ni-
Cr alloy coating. The investigated parameters are pH, temperature, current density and stirring speed,
respectively. Taguchi method suggested L9 orthogonal index for three different levels of four parameters.
Experiments were performed according to this index.

* Coatings were obtained according to the L9 orthogonal index and the corrosion results in 3.5% NaCl
were examined. Corrosion rates (mm/year) of the curves obtained using the Tafel extrapolation method were
determined. Among the experiments performed, the sample with pH 2.5, temperature 40 °C, current density
200 mA/cm2 and no stirring gave the best results.

* As a result of the analysis of variance obtained according to the S/N ratio, the effects of the parameters
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on the corrosion in the coating were determined. Current density had the greatest effect on the corrosion
resistance of the coating with 63.8%. Stirring rate 18.3%, temperature 11.3% and pH value 6.6% affected the
result.

» Since R2 is 97.49% in the estimation equation obtained according to the analysis of variance, its
acceptability is quite high.

* According to the results obtained, the parameter levels suggested by the Taguchi experiment are not
available in the L9 orthogonals. Therefore, a validation experiment was carried out. According to the validation
test, the corrosion rate was found to be 0.151 and Taguchi confirmed the proposal of the experimental design
method.

» The SEM picture of the verification experiment shows that the Ni-Cr coating with characteristic cracks
was obtained. In addition, it was observed that the obtained picture had a typical spherical nodular structure.
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Makale Bilgileri 0z

Makale Ge¢misi Havacilik sektorii her gegen giin teknoloji ve kiiresellesmenin etkisiyle gelismekte ve degismektedir. Sektor, son
Gelis: 01/06/2022 yillarda kargo ve yolcu tasimaciliginda teknoloji ve kiiresellesmenin etkisiyle hizla gelismis ve tercih edilen bir
Kabul: 26/12/2022 konumdadir. Havacilik sektoriine artan ilgi beraberinde istihdam olanagini saglamakta ve diger sektorler arasinda
Yayn: 31/12/2022 cekiciligi artmaktadir. Havacilik 6grencilerinin istihdam kavramma bakis agilarinin gelecekteki kariyer kararlar ve

dolayistyla kisisel gelisimleri iizerinde etkili olacag1 diisiiniilmektedir. Istihdam umudu, pozitif psikolojinin galigma
konularindan biri olarak kabul edilen umut kavramu ile iliskilidir. Umut, beklenmedik ve istenmeyen durumlarda
bireylerin enerji diizeylerinde artis saglayan bir degiskendir. Bireylerde umut diizeyinin yiiksek olmasinin, 6z saygi ve
akademik basar1 diizeylerini de arttiracagma yonelik bulgular elde edilmistir. Istihdam umudu, psikolojik giiglendirme
ve amag¢ yonelimli yol olarak iki boyutta incelenmektedir. Psikolojik giiclendirme, bireyin istlendikleri rolleri
basarabileceklerine olan inanglar1 olarak tanimlanmaktadir. Amag¢ yonelimli yol ise amaca ulasabilmek i¢in sahip
olunan imkanlar olarak belirtilmektedir. Boylece bireyin yaptigi veya yapacagi ise iliskin inanci ile kendisini amaca
ulastiracak yollar kesisince istihdam umudu kavrami ortaya ¢ikmaktadir. Bu ¢alismada Kastamonu Universitesi Sivil

Anahtar Kelimeler:
Havacilik,

Istihdam Umudu,
Havacilik
Ogrencileri.

Havacilik Yiiksekokulu Havacilik Yénetimi Boliimiinde lisans egitimi alan 6grencilerinin istthdam umutlarmin nasil
sekillendigi frekans analizi ile agiklanmaktadir. Arastirmanin evrenini Kastamonu Universite Sivil Havacilik
Yiiksekokulu Havacilik Yonetimi Boliimiinde 6grenim goren 350 6grenci olugturmaktadir. Arastirma 6rneklemi olarak
250 6grenciye anket génderilmis ve 215 dgrenciden geri doniisiim saglanmustir. Arastirmada “Istihdam Umudu Olgegi”
kullanilmustir. Olgek iki boyut ve 14 maddeden olusmaktadir. Olgegin yapr gegerliligi faktor analizi, giivenirligi ise
Cronbach Alfa i¢ tutarlilik analizi ile test edilmistir. Yapilan analizler sonucunda ortaya ¢ikan arastirma bulgular
frekans analizi ile degerlendirilmis ve havacilik 6grencilerine kariyerleri ile ilgili 6nerilerde bulunulmustur.

Investigation of Employment Hope Levels of Aviation Students

Article Info ABSTRACT

. . The aviation industry is developing and changing day by day with the effect of technology and globalization. The sector
Article History has developed rapidly in recent years in cargo and passenger transportation with the effect of technology and globalization
Received: 01/06/2022  and is in a preferred position. Increasing interest in the aviation sector provides employment opportunities and increases
Accepted: 26/12/2022 its attractiveness among other sectors. It is thought that aviation students' perspectives on the concept of employment will
Published: 31/12/2022 have an impact on their future career decisions and therefore their personal development. Employment hope, is related to
the concept of hope, which is accepted as one of the study subjects of positive psychology. Hope is a variable that increases
the energy levels of individuals in unexpected and undesirable situations. It has been found that a high level of hope in

Keyvv_ords. individuals will increase their self-esteem and academic achievement levels. Employment hope are examined in two
Aviation, dimensions as psychological empowerment and goal-oriented path. Psychological empowerment is defined as the
Employment Hope, individual's belief that they can achieve the roles they have assumed. The goal-oriented way is defined as the possibilities
Aviation Students. to reach the goal. Thus, the concept of employment hope, emerges when the individual's belief about the work he/she does

or will do and the paths that will lead him/her to reach the goal. In this study, it is explained by frequency analysis how the
employment hope of Kastamonu University School of Civil Aviation, Department of Aviation Management undergraduate
students are shaped. The universe of the research consists of 350 students studying at Kastamonu University School of
Civil Aviation Department of Aviation Management. As a research sample, a questionnaire was sent to 250 students and
feedback was obtained from 215 students. “Employment Hope ” was used in the research. The scale consists of two
dimensions and 14 items. The construct validity of the scale was tested with factor analysis and its reliability was tested
with Cronbach Alpha internal consistency analysis. The research findings that emerged as a result of the analyzes were
evaluated with frequency analysis and suggestions.
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Havacihk Ogrencilerinin istihdam Umutlarinin incelenmesi

GIRiS

Kiiresellesmenin ilerlemesiyle uluslararas: ulagim, bir yerden bir yere ulagsma istegi, artmistir.
Diinyanin her yerine istenilen zamanda kolayca ulasim saglanmustir. Ulkeler arasinda saglanan is birligi
neticesinde, bir insanin veya malin ¢ok az siirede taginmasi, gidecegi yere rahat, diizenli ve giivenli olarak
varmas1 saglanabilmistir. Bu ulastirma isleminin yapilmasinda en 6nemli rolii havayolu tasimaciligi
ustlenmistir. Havayolu tasimaciligi uluslararasi anlamda teknolojik, ekonomik yonden de katki
saglamistir. Havacilik sektorii kendisi haricinde ekonomik, saglik, turizm sektorlerin de destekler.
Havacilik, yeni istihdam olanaklar1 yaratmasi acisindan 6nemi bir sektordiir (Macit ve Macit, 2017).

Insanin becerisi, refleksleri, yetenekleri, bilgi ve egitim diizeyi, zekd muhakemesi, heyecani,
duyarhiligi, dikkati, stresi, kisilik yapis1 ve sagligi ugus emniyetini en ¢ok etkileyen unsurlardan sadece
birkacidir. Insan faktdrii tam olarak agiklanamasa da bu etkiler goz éniinde bulunduruldugunda tanimina
biraz olsun yaklasilabilir. Meydana gelmis olan kazalar incelendiginde, insan faktoriiniin %70-80 gibi
diizeylerde oldugu, lizerine gidilmesi ve kontrol altina alinmasi gereken bir unsur oldugu dikkat
cekmektedir. Buradan hareketle, herhangi bir kaza riskini en aza indiren en bilyiik unsur yine bizzat ilgili
ugusu yapan pilot, hava trafik kontrol6rii, radar operatorii, bakimc1 personelin kendisidir diyebiliriz
misteri c¢cekme agisindan yogun ilgi gereken bir hizmet isi oldugu ic¢in insana hep gerek
vardir(Yiiksel,2016). Tiim havayollarinin birlestigi nokta insandir. Tiim gelecege yonelik faaliyetler
insana yoneliktir. Ciinkii hizmeti veren ve hizmet alan insandir. Havayollar1 en gelismis teknolojiye
sahiplerdir, bununla birlikte insanin verdigi hizmeti yapabilecek gosterdigi ilgiyi verebilecek bir arag
yeryiiziinde heniiz icat edilmemistir (Agraz, 2006).

Tirkiye’de havacilik sektorii acilan yeni havalimanlariyla birlikte ¢ok daha geligsmistir. Bunun
neticesinde acgilan yeni i§ pozisyonlart mezun veya mezun olacak biitiin havacilik 6grencilerinin
hayallerini siislemektedir. Nitekim her iste oldugu gibi bu isin de zorlugu ve yerine getirilmesi gereken
sorumluluklar1 vardir. Ogrenciler bu sorumluluklari alarak zorluklara katlanarak bu meslekte yerlerini
almaktadirlar. Bu calisma havacilik 6grencilerinin istthdam umudu diizeylerini incelemeyi ve bu
dogrultuda havacilik 6grencilerine Oneriler sunmay1 amaglamaktadir. Bu yoniiyle havacilik yazinina katki
saglayacagi diisiiniilmektedir.

LITERATUR TARAMASI

Is arayan bireylerin bilgi, beceri ve isteklerine uygun bir is bulmak ve bu iste siirekliligi saglamak igin
istihdam umutlarma bakis agilar1 ve mesleki farkindalik diizeyleri dnem arz etmektedir. Is umudu, 6grencilerin ve
mezunlarin isgiicii durumlari hakkinda bilgi sahibi olma ve bir is arayisinda bulunabilmelerine yonelik genel ruh
halini ifade etmektedir.

Umut kelimesi sozliik anlamina gore; ummaktan dogan duygu veya olmasi beklenilen ve olacag diistiniilen
sey anlamina gelmektedir (TDK, 2022). Umut kavrami: bireyin amaglarina yonelik karar verip bu amaglari
gergeklestirmek adina gesitli adimlar olusturup bu adimlari kendini motive ederek kullanmasina iligkin kapasiteyi
ifade eden biligsel yapidir (Sahin, Aydin, Sar1, Kaya ve Pala, 2012).

Umut duygu ve diisiince bi¢imi olarak gelecegi isaret eder, bireye yon verir, motivasyonunu taze tutar ve
ulasmak istedigi amaglar1 icin harekete gecirir. Icinde bulunulan mevcut hosnutsuzluk ve rahatsizligi ortadan
kaldirabilmek adina gelecege dair adimlar atmaktir. Umut kavramiyla birlikte kisi kendi gelecegini insa eder (Toral,
2022). Umut s6zciigh insanin kendi gelecegine yonelik istek ve beklentilerinin arzuladigi sekilde gergeklesmesini
ifade eder. Istihdam umudu kavranu da bu diisiince yoluyla agiklanacak olursa insanlarin temel yasam faaliyetlerini
gerceklestirebilmek igin istihdam edilme beklentisi olarak tanimlanabilir. Insanlar istihdam edilebilmek amaciyla
yapacagi is icin gerekli donanimlara sahip olup 6n hazirligim yaptiktan sonra arayislarini bir umut ¢ergevesinde
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gergeklestirir (Belen, 2016). Yasam doyumuna ulasabilmede pozitif psikolojinin temel yap1 taslari olan umut ve
verimlilikten bahsedilmektedir (Soyer ve Satan, 2015). istihdam umudu, pozitif psikolojinin ¢alisma konularindan
biri olarak kabul edilen umut kavramu ile iligkilidir.

Istihdam umudu; Ise ve isle ilgili hedeflere yonelik ve isle ilgili hedeflerin varligindan olusan olumlu bir
motivasyon durumu olarak tanimlanabilir (Hong ve Choi, 2013). Bireylerin saglikli ve mutlu bir yasam
stirebilmelerinde en temel gereklilik amaglanan yagam standartlarinin yerine getirilmesiyle gergeklesir. Bu yiizden
birey kendi 6zelliklerine uygun, genel beklentilerini karsilayabilecek ve onu hosnut edecek bir is ortami bulmaya
yonelir. Birey bu beklentilerle birlikte istihdam edilmeyi umut edecektir (Elbir, 2000; akt. Alemdar, 2018).

Istihdam umudu bireyin ekonomik bir ivme elde edebilmesi i¢in énemli bir kavramdir. Ekonomik olarak
kendine yetmesinin yaninda psikolojik olarak da desteklenmesine yardimci olmaktadir. Istihdam umudu ayni
zamanda birey is ararken 6zgiiveninin ne derecede oldugu, kariyer planlarini ve yeteneklerini degerlendirmesini,
sorunlar karsisindaki tutumu gibi becerilerini igine alan degiskenlerden olusur (Gergek, 2020).

Istihdam umudunda iki farkli boyut vardir. Bunlar; psikolojik giiglendirme ve amag yénelimli yoldur.
Psikolojik giiclendirme boyutunda, birey kendine gilivenini, saygisini ve istihdam icin yeterli donanim ve
yeteneklerin gelistirir. Bu gelisimle birlikte birey inang ve hedeflerine ulasabilmek icin planlar yapar. Amag
yonelimli yol boyutunda ise, birey tecriibelerine dayanarak yeni hedefler belirler ve bu hedeflere ulasabilmek igin
dogru yollar1 bulup sahip oldugu imkanlarla hedeflerine ulagir. Bireylerin 6zgiivenleri, basarabilme sezgileri ve
onlar1 hedeflerine ulastiracak yollar kesistiginde istihdam umudu ortaya ¢ikar (Kiipana, 2017; Spreizer, 2007).

YONTEM
Amacg

Arastirmanin amaci, lisans diizeyinde egitim goren havacilik 6grencilerinin gelecege iliskin istihdam
umutlarinin incelenmesidir.

Olcek

Arastirma verileri anket teknigi kullanilarak toplanmistir. Aragtirmada 6grencilerin istihdam umutlarini
belirlemek amaciyla Hong ve Choi (2013) tarafindan gelistirilen, Akin, Hemedoglu, Kaya ve Sarigam (2013)
tarafindan Tiirk¢e’ye uyarlanan “Istihdam Umudu Olgegi” Kullanilmistir. Olgek iki boyut (Psikolojik Giiglendirme
ve Amag Yonelimli Yol) ve 14 maddeden olusmaktadir. Olgekte; “Kariyerli bir iste calisacagim.” ve “Mesleki
amaglarima ulagsmak i¢in dogru yoldayim.” seklinde maddeler yer almaktadir. Puanlama, besli Likert tipi 6l¢egine
goredir.

Faktor analizi sonuglarina gore oOlgegin iki boyutlu yapisinin kabul edildigi ve o6lgegin 6rneklem
bityiikliigiiniin faktdr analizi icin uygun ve anlamli oldugu goriilmektedir. Istihdam Umudu Olgegi’nin giivenilirlik
analizi i¢ tutarlilik katsayis1 Cronbach Alfa ile hesaplanmistir. Analiz sonucuna gore Kisi-Is Uyumu Olgegi’nin
Cronbach Alfa degeri .94 olarak 6l¢iilmiis olup, i¢ tutarlilik i¢in kabul edilen %70’in {izerindedir (Giirbiiz ve Sahin,
2016).

Orneklem

Arastirmanin evrenini Kastamonu Universitesi Sivil Havacilik Yiiksekokulu Havacilik Yonetimi
Boliimiinde lisans egitimi goren 350 6grenci olusturmaktadir. Kolayda 6rnekleme yontemiyle belirledigimiz 250
ogrenciye online anket formu gonderilmistir. Bu anket formlarindan geri doniis saglanan 215 anket analizler i¢in
uygun goriilmiistiir. Bu yerin segilme sebebi ise, Ogrencilerin arkadaslar1 vasitasiyla direk olarak verilere
ulagabildigimiz ve aragtirmanin tarafi olan havacilik 6grencilerine sorup birinci agizdan 6grenebildigimiz icindir.
Aragtirmanin amacina bakilacak olursa lisans diizeyinde egitim goren havacilik dgrencileri i¢in Kastamonu
Universitesi Sivil Havacilik Yiiksekokulu 6grencilerinin segilmesi arastirmanin dogru ilerlemesi bakimimdan uygun
gorlilmiistiir.
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Veri Toplama Araglari ve Siiregleri

Arastirmanin  verileri online anket yontemi ile toplanmistir. Ilk asamada anket formu
olusturulmustur. Anket formu iki béliimden olusmaktadir. Ilk béliimde katilimcilarin demografik
ozellikleri (Cinsiyeti, yas1, sinifi, ailenin aylik gideri, ingilizce bilgisi, giincel mesleki yayin takibi, mesleki
sertifika, hobileri), ikinci boliimde ise isttihdam umudu ile ilgili sorular yer almaktadir.

Verilerin Analizi

Aragtirma verilerinin analizinde SPSS 23 istatistiki promramdan yararlanilmistir. Bu kapsamda
verilerin tanimlayici analizleri frekans analizi ile gerceklestirilmistir. Olgegin yap1 gecerliligi agimlayici
faktor analizi ile, glivenirlik analizi ise i¢ tutarlilik analizi (Cronbach Alfa) ile gergeklestirilmistir.

BULGULAR

Ogrencilerin istihdan umudu diizeylerini dlgekmek amaciyla kullamigimiz “Istihdam Umudu Olgegi”
sorularina verdikleri cevaplara ait frekans analizi ve bulgulari asagida sunulmaktadir. Sekill’ de “Kendimle
ilgili degistirmek istedigim seyler icin gercek¢i hedefler belirlerim. ” sorusuna katilimeilarin verdigi cevaplarin
yiizdesi pasta grafigi seklinde sunulmustur. Katilimeilarin Katilimeilar en ¢ok katiliyorum cevabini vermistir.

@ Kesinlikle katlmiy orum
® Eatlmiyorum

O Kararsizim

@ Kahlyorum

@ Fesinlikle katliyorum

|

Sekil 1. “Kendimle ilgili degistirmek istedigim seyler icin gercek¢i hedefler belirlerim.” sorusuna verilen
cevaplarin pasta grafigi

Sekil 2°de “Kendimle ilgili belirli degisiklikler yapmaya hazir oldugum zamani soyleyebilirim. ” sorusuna
katilimcilarin verdigi cevaplarin yiizdesi pasta grafigi seklinde sunulmustur. Katilimcilarin yarisi
katiliyorum cevabini vermistir.

@ Kesinlikle katilmiyorum
@ Katilmiyorum

@ Kararsizim

@ Katiliyorum

@ Kesinlikle katiliyorum

Sekil 2. “Kendimle ilgili belirli degisiklikler yapmaya hazwr oldugum zamani soyleyebilirim. ” sorusuna
verilen cevaplarin pasta grafigi
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1)

Sekil 3’de. “Kendimle ilgili degisiklik yapmak i¢in gercek¢i bir planmin nasil yapilacagini biliyorum.’
sorusuna katilimcilarin verdigi cevaplarin yiizdesi pasta grafigi seklinde sunulmustur. Katilimcilarin
cogusu katiliyorum cevabimi vermistir. Kalan cevaplar en fazla kararsizim segenegi olmak iizere diger
segenekler arasinda dagilmstir.

@ Kesinlikle katilmiyorum
©® Katimiyorum

O Kararsizim

@ Katilyorum

@ Kesinlikle katliyorum

Sekil 3. “Kendimle ilgili degisiklik yapmak i¢in gercekgi bir planin nasil yapilacagini biliyorum.” sorusuna
verilen cevaplarin pasta grafigi

2

Sekil 4’de, “Kendimi gelistirmek icin ortaya ¢ikan her firsati degerlendiririm.” Sorusuna katilimcilarin verdigi
cevaplarin ylizdesi pasta grafigi seklinde sunulmustur. Katilimcilarin ¢ogusu katiliyorum cevabini vermistir.
Kesinlikle katiliyorum ve kararsizim cevaplari neredeyse esittir.

@ Kesinlikle katilmiyorum
@ Katilmiyvorum

@ Kararsizim

@ Katilivorum

@ Kesinlikle katiliyorum

Sekil 4. “Kendimi gelistirmek icin ortaya ¢ikan her firsati degerlendirivim.” sorusuna verilen cevaplarin pasta
grafigi
Sekil 5’de, “Kendimle ilgili degisiklik yapmaya ¢alistigimda, gelisimim i¢cin ger¢ekgi bir plan yaparum.” sorusuna
g & 8 g g

katilimeilarin  verdigi cevaplarin yilizdesi pasta grafigi seklinde sunulmustur. Katilimeilarin g¢ogusu
katiliyorum cevabini vermistir.
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® Kesinlikle katilmiyorum
® Katimiyorum

O Kararsizim

@ Katihiyorum

@ Kesinlikle katiliyorum

D

Sekil 5. “Kendimle ilgili degisiklik yapmaya ¢alistigimda, gelisimim icin gercekg¢i bir plan yaparim.” sorusuna
verilen cevaplarin pasta grafigi

»

Sekil 6’da “Kendimle ilgili degisiklik yapmaya ¢alistigim zaman baskalarindan yardim isterim.” sorusuna
katilimeilarin  verdigi cevaplarin yiizdesi pasta grafigi seklinde sunulmustur. Katilimcilarin ¢ogusu
katiliyorum cevabini vermistir.

@ Kesinlikle katimiyorum
® Katimiyorum

@ Kararsizim

® Katiliyorum

Sekil 6. “Kendimle ilgili degisiklik yapmaya ¢alistigim zaman baskalarindan yardim isterim.” sorusuna verilen
cevaplarin pasta grafigi

Sekil 7°de “Kendimi gelistirmek icin aktif bir sekilde ¢alisirim.” sorusuna katilimcilarin verdigi cevaplarin
ylizdesi pasta grafigi seklinde sunulmustur. Katilimcilarin neredeyse yarisi katiliyorum cevabini vermistir.
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@ Kesinlikle katilmiyorum
@ Katilmiyorum

@ Kararsizim

@ Katiliyorum

@ Kesinlikle katiliyorum

Sekil 7. “Kendimi gelistirmek icin aktif bir sekilde ¢alisirim.” sorusuna verilen cevaplarin pasta grafigi

Sekil 8’de “Kendimle ilgili neleri degistirmem gerektigini belirleyebilirim.” Sorusuna katilimcilarin verdigi
cevaplarin ylizdesi pasta grafigi seklinde sunulmustur. Katilimcilarin yarisindan fazlasi katiliyorum cevabini
vermistir. Kalan cevaplarin biiyiik bir cogunlugunu kesinlikle katilmiyorum cevabi olusturmaktadir.

@ Kesinlikle katimiyorum
@ Katimiyorum

@ Kararsizim

@ Katiliyorum

@ Kesinlikle katiliyorum

v

Sekil 8. “Kendimle ilgili neleri degistirmem gerektigini belirleyebilirim.” sorusuna verilen cevaplarin pasta
grafigi

Sekil 9’da “Bir birey olarak siirekli kendimi gelistirmeye ¢alisiyorum.” Sorusuna katilimcilarin verdigi
cevaplarin ylizdesi pasta grafigi seklinde sunulmustur. Katilimcilarin yarisindan fazlasi katiliyorum cevabini

vermistir.
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@ FKesinlikle katilmiyorum
@ Katilmiyorum

@ Kararsizim

® Katlyorum

@ Kesinlikle katilliyorum

oV

Sekil 9. “Bir birey olarak siirekli kendimi gelistirmeye ¢alistyorum.” sorusuna verilen cevaplarin pasta grafigi

>

Sekil 10°da “Kendimle ilgili degisiklikler yapmak igin gergekci hedefleri nasil belirleyecegimi biliyorum.’
sorusuna katilimcilarin verdigi cevaplarin yiizdesi pasta grafigi seklinde sunulmustur. Katilimeilarin
yarisindan fazlasi katiliyorum cevabini vermistir.

® Kesinlikle katilmiyorum
@ Katiimiyorum

@ Kararsizim

@ Katiliyorum

@ Kesinlikle katiliyorum

N

’

Sekil 10. “Kendimle ilgili degisiklikler yapmak icin gercekgi hedefleri nasil belirleyecegimi biliyorum.’
sorusuna verilen cevaplarin pasta grafigi

Sekil 11°de “Kendimle ilgili belirli bir degisikligi ne zaman yapmam gerektigini bilirim.” sorusuna katilimcilarin

verdigi cevaplarin yiizdesi pasta grafigi seklinde sunulmustur. Katilimcilarin yarisindan fazlasi katiliyorum
cevabini vermistir.
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® resinlikle katiimiyorum
® Katlmivorum

@ Kararsizim

® Katliycrum

® Kesinlikle katihy orum

Sekil 11. “Kendimle ilgili belirli bir degisikligi ne zaman yapmam gerektigini bilirim.” sorusuna verilen
cevaplarin pasta grafigi

Sekil 12°de “Kendimi gelistirmeye ¢alistigim zaman mevcut olanaklart kullanirim.” Sorusuna katilimcilarin
verdigi cevaplarin yiizdesi pasta grafigi seklinde sunulmustur. Katilimcilarin en ¢ok katiliyorum cevabini
vermistir

@ Kesinlikle katilmiyorum
® Katlmiyorum

@ Kararsizim

® Katlyorum

@ Kesinlikle katiliyorum

S

Sekil 12. “Kendimi gelistirmeye ¢alistigim zaman mevcut olanaklart kullanirim. ” sorusuna verilen cevaplarin
pasta grafigi

Sekil 13’de “Kendimle ilgili degisiklik yapmak icin atacagim adimlari biliyorum.” sorusuna katilimcilarin
verdigi cevaplarin yilizdesi pasta grafigi seklinde sunulmustur. Katilimcilarin en ¢ok katiliyorum cevabini
vermistir
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@ Kesinlikle katilmiyorum
@ Katlmiyorum

@ Kararsizim

@ Katilyorum

@ Kesinlikle katilyorum

Sekil 13. “Kendimle ilgili degisiklik yapmak icin atacagim adimlar: biliyorum.” sorusuna verilen cevaplarin
pasta grafigi

Sekil 14°de “Kendimi degistirmeye ¢alistigimda aktif olarak yardim almaya ¢abalarim.” sorusuna katilimcilarin
verdigi cevaplarin yiizdesi pasta grafigi seklinde sunulmustur. Katilimcilarin en ¢ok katiliyorum cevabini
vermistir

@ Kesinlikle katilmiyorum
@ Katlmiyorum

@ Kararsizim

® Katlyorum

@ Kesinlikle katiliyorum

Sekil 14. “Kendimi degistirmeye ¢calistigimda aktif olarak yardim almaya ¢cabalarim.” sorusuna verilen
cevaplarin pasta grafigi

TARTISMA ve ONERILER

Havacilik sektorii her gecen giin gelisen ve degisen bir sektordiir. Boeing tarafindan hazirlanmis gelecek
20 yila ait havacilik sektorii tahminlerini igeren Current Market Outlook (2015) raporunda, ugak sayisinin
%100 artarak 42.180 adede ulasacagi ve 238.000 yeni hava araci bakim personeline ihtiyag olacag
belirtilmektedir (Kanbur ve Erol, 2017). Havacilik sektoriiniin her alaninda duyulan bu isgiicii ihtiyaci
havacilik boliimlerinde okuyan lisans Ogrencileri i¢in istthdam umutlarini yiikseltmektedir. Havacilik
ogrencilerinin istihdam kavramina bakis agilar gelecekteki kariyer kararlari ve dolayisiyla kisisel gelisimleri
lizerinde etkili olacag diisiiniilmektedir. Istihdam umudu, pozitif psikolojinin ¢aligma konularindan biri olarak
kabul edilen umut kavramu ile iliskilidir. Umut, beklenmedik ve istenmeyen durumlarda bireylerin enerji
diizeylerinde artis saglar (Gergek, 2020).

Bilindigi tizere 2020 yilinda ortaya ¢ikan COVID-19 viriisiiniin ardindan yaganan pandemi, beraberinde
havacilik sektorii i¢in ¢okiis durumu yasatmistir. Bu durum havacilik 6grencilerinin gelecek kaygisi
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yasamalaria neden olmustur. Fakat alinan onlemler neticesinde yasanan ¢okiis kisa slirede yapilan dogru
yaklagimlar ile toparlanip yiikselise gecilmistir. Alinan veriler 1s181nda yurt i¢i uguslar 2020 yilinda 1.055.168
olan yurt i¢i ugak trafigi 2021 yilinda 1.461.577 dolaylarina ulagarak %38.5 oraninda yiikselis elde edilmistir.
Ugak trafiginin bu denli artmasi nedeniyle is giiciiniin yetersiz kalmasi ve istihdamin artacak olmasina isarettir.
Bununla birlikte havacilik 6grencileri icin is olanaklar1 artacak, istihdam umutlar1 yeniden yeserecektir.
(SHGM, 2021).

Arastirma bulgulart incelendiginde; “Kendimle ilgili degisiklik yapmak icin atacagim adimlar
biliyorum.” ifadesine havacilik 6grencilerinin en yiliksek katilim sagladiklar1 goriilmektedir. Bu sonug
Ogrencilerin lisans siirecinde 6grendiklerinin kendilerini degistirmek igin yeterli oldugunu belirtmektedirler.
Aym sekilde “Kendimle ilgili neleri degistirmem gerektigini belirleyebilirim.” ifadesine verilen yanit oraninin
yliksek olmasi1 bu sonucu destekler niteliktedir. Arastirmanin diger bulgusu olan “Kendimle ilgili degistirmek
istedigim seyler icin gercekci hedefler belirlerim.” ifadesine katilim orani da yiiksektir. Lisans egitim siireci
boyunca 6grencilerin gerek sektoriin istekleri gerekse de ders kapsaminda 6grendikleri diistiniildiigiinde daha
gercekei ve sektdre uygun planlarin yapilmasi gerekmektedir. Ayni sekilde “Kendimle ilgili degisiklikler
yapmak i¢in ger¢ekei hedefleri nasil belirleyecegimi biliyorum.” ifadesine katilim orami yiiksektir. Gergekei
hedefler belirlemek gelecege doniik istihdam umudunu artiracaktir.

SONUCLAR

Sonug olarak Kastamonu Universitesi Sivil Havacilik Yiiksekokulu Havacilik Yénetimi Boliimii lisans
Ogrencilerinin istthdam umudu sorularina yiiksek oranda katildiklari goriilmektedir. Havacilik sektoriine
ilginin giin gectikce artmasi yaninda istihdam olanagi saglamaktadir. Bu biiyiime diger sektorler arasinda
havacilik sektdriinii daha gekici hale getirmistir. Havacilik sektdriiniin gelecek vadetmesi ve hizli bir sekilde
gelismesi lisans Ogrencilerinin de isttihdam umutlarin1 yiikseltmektedir. Bireylerin istthdam umudu
diizeylerinde yiikseklik 6z saygi, akademik basar1 diizeylerini de etkilemektedir. Havacilik 6grencilerinin
istihdam kavramina bakis agilar gelecekteki kariyer kararlar1 ve dolayistyla kisisel gelisimleri iizerinde etkili
olacag diisliniilmektedir.
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In this study, information about the issues related to the design of the landing gear and the main landing
gear attached to the fuselage, wing closing kinematics equations are given. Passive, active and semi-active control
strategies are defined. Magnetorheological (MR) dampers are introduced. Working principles of MR dampers and
various MR damper models are presented. An MR damper descent illustrated by the current-dependent Bouc—Wen
model team model and a detailed study has been made about the scenarios related to it. All this A nose landing gear
model with torsional degrees of freedom (shimmy) analyzes were made. Wong et.al in their study, presents an
efficient methodology that applies high-fidelity multi-disciplinary design optimization techniques to commercial
landing gear assemblies, for weight, cost, and structural performance by considering both structural and dynamic
behaviours (de la Puente Cerezo et al., 2017, Wong et al., 2018 and Tugay, 2009).

In this thesis, the history of the landing gear and their development in the historical process are briefly
mentioned. Afterwards, the requirements that will be needed to design the landing gear are specified and how the
design process is carried out. Necessary information about its operation is given. General information about landing
gear configurations later and a suitable two-seater high performance trainer aircraft from within these
configurations determined. Sample roll-up compartments and roll-up mechanisms for retractable landing gear
exemplified and appropriate ones determined. Dampers, one of the basic components of the landing gear In this
study, in which information about the dampers is given, the necessary formulas for the dampers are also given.
More Afterwards, the loading conditions that the landing gear will be exposed to are shown, and the front of the
landing gear is determined according to these conditions sizing has been done. In line with EASA CS-23
requirements, the landing gear must be adjusted according to the landing type of the aircraft. The foundation loads
to which it is subjected and the strength requirements for these different loading scenarios calculated and tabulated.
Finally, according to the calculation results with the CATIA V5 package program, the descent A three-dimensional
drawing of the gears has been made, this drawing is one of the EASA CS-23 landing gear loading scenarios. By
determining the most critical one for the team and creating a structural static analysis model in Hyperworks
software, Altair Critical loading situation was analyzed with Hyperworks Optistruct solver. Munjulury et.al in their
study, landing gear weight is computed using analytical methods based on parametric 3D models. The procedure
established by Kraus and Wille is applied as a baseline so as to create a procedure capable of dealing with landing
gear weight calculations (Elmas, 2012, Yin et al., 2017, Zhou et al., 2017 and Munjulry, 2017).

CONSTRUCTION OF LANDING GEAR STRUTS

In modern airplanes used today, the landing gear has a retractable structure. In addition to carrying the
aircraft during taxiing, the landing gear must also bear the impact loads on the aircraft during landing. Some landing
gears distribute impact loads to the fuselage. Others absorb the shock and convert it into heat energy. Shock
absorbers consist of polymeric metallic springs or piston cylindrical shock absorbers. The energy required to be
absorbed by the landing gear on landing will be borne by both the strut and the tire. Both elements will compress
under load and absorb their share of energy. Landing gear has many systems for performing missions (Kocamer &
Oktay 2022).

STRUTS

The struts protect the main structure of the aircraft by absorbing the shocks and impacts that occur when
the aircraft lands. The struts on the nose of the aircraft are called the nose struts, and the struts on the rear part are
called the main struts. The side post and the drag post are parts of the main post. These keep the main strut in
balance. The side post consists of two parts and is mounted to the main post with fasteners. The side strut is folded
from the hinge as the landing gear is taken in. The drag strut keeps the main strut in balance. One point is connected
to the main post, while the other point is connected to the connecting piece.
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TACTICAL UNMANNED AERIAL VEHICLES (TUAVS)

Tactical Unmanned Aerial Vehicles (TUAV) mainly undertake surveillance duties as well as
reconnaissance missions. Although all vehicles covering reconnaissance and surveillance missions and moving for
tactical purposes at a certain range and for a certain period of time are considered as “Tactical UAVs (TIHA)”, in
fact, these two essences there are some differences in the concepts of the designs made for the mission, but the
aircraft with a ceiling altitude of 8,000 meters with a maximum take-off weight of 50 to 1500 kg, cruising between
4 and 12 hours for reconnaissance and surveillance, is the most accepted definition of TIHA at the moment. it is
more suitable. The main reason why there is no definite definition at the moment is that there is no universally
agreed classification for unmanned aerial vehicles, and a vehicle can carry the characteristics of more than one class
according to today's classifications. If we open the subject a little more; a UAV originally designed for surveillance
or The surveillance TIHA can transmit the data it obtains on the battlefield to the ground control station in real
time. Generally, vehicles of this type have larger wingspan and rather a simple two-stroke or Wankel type piston
engine (Coban & Oktay, 2017, Oktay & Coban, 2019 and Oktay & Coban, 2017).

FINITE ANALYSIS METHOD

The finite element method is an analysis method in which unit models are created by dividing the parts into
a finite number of elements in order to analyze the behavior of the parts in long and complex problems, and the
result is obtained by determining the boundary conditions under certain effects and analyzing from specific to
general. In the structural static calculations made with the finite element method, as shown in Equation (1), {f} is
the force vector acting on the body, [K] is the stiffness matrix of the body, {3} is the displacement matrix of the
unknown joints. When it is desired to find the total displacement of the whole system without point displacement,
it is passed from the stiffness matrix of the body to the general stiffness matrix (Stenstrand, 2018).

{f=[k]-{3} Equation (1)

First, all the parts for which the solution is to be calculated are divided into simple geometric shapes known
as finite elements. As input parameters in finite element analysis, the structure of the created mesh, the element
type used in the mesh, the element size, the boundary conditions to be determined in the system and the technical
properties of the material are entered. In order to reach the most accurate analysis, it is very important for the results
to be entered by making precise selection of all parameters. In order to solve the problem, the geometric model was
used to divide it into unit parts using the finite element method, and the "Mesh" application was used. When the
results of the solution meshes are compared, the best result for the mesh was obtained with the " Automatic Method".
Using the Sizing command in the mesh section, the size of the elements allocated to the unit element on the model
is determined as 2 mm. On the other hand, "Face Sizing" is applied to all gear surfaces and element sizes are
selected as 1 mm. In solution networks, the quality is determined in the range of “0-1” for each element. The overall
average quality of the solution network is read with "Avarage Mesh Metrics". In this direction, while 1 represents
the highest quality, the quality of the element decreases as it approaches 0. In addition, the average Skewness and
Orthagonal values are also important parameters for the mesh quality. For these values, the average skewness value
of is between 0 and 0.50, and the average orthagonal value is between 1 and 0.70, which indicates a quality mesh
structure. The orthogonal quality is 0.78. When the average skewness value is examined, it is 0.27 (Caires, 20086,
Jambor, 2016, DIN EN, 2007, Konez, 2019 and Strzelecki & Sempruch, 2016 ). The total number of mesh elements
in the landing gear design is 2550000.
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DESIGN OF RETRACTABLE MAIN LANDING GEAR AND SOLID MODEL DRAWING

The technical drawing of the main landing gear strut is shown in Figure 1.

0400(m)

Figure 1. Technical drawing of main landing gear

STATIC ANALYSIS RESULTS

Stress can be defined as the amount of load per unit surface. If the stress vector acts perpendicular to the
cross-sectional surface, this stress is called normal stress, and if the stress is in the cross-section plane, the resulting
stress is called shear stress. Figure 2 shows the total stresses resulting from a load of 2000 Newtons applied to the
landing gear from the y-axis of the wheel shaft.
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Figure 2. Total Stress Analysis
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Itis called the theoretically calculated stress that is assumed to have the effect of stresses occurring in many different
directions on a member by itself. It is found by breaking hypotheses. Equivalent stress must always be less than or
equal to the safety stress. Equivalent (von-Mises) stress stress analysis results are given in Figure 3.
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Figure 3. Equivalent (Von-Mises) Stress Analysis

Normal elastic strain analysis results are shown in Figure 4.
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Figure 4. Normal elastic strain analysis

Shear stress is a stress that occurs due to the forces or force vectors applied to the surface of the object, as
well as due to the torsion (torque) process. If you apply a force to a cylindrical material from both ends and in
opposite directions, that is, if you turn it in opposite directions from both ends, shear stress will occur as a result of
torsion and torsion. Shear force, shear force or tangential force; shear stress, on the other hand, can be encountered
in the form of various expressions such as shear stress or tangential stress. When a shear force is applied to an
element, it causes the two opposite surfaces of the object to slide parallel and opposite to each other; An angular
deformation is observed in the element. Shear stress analysis results are shown in figure 5.

ASREL



Static Analysis and Design of Fixed-Wing Tactical Unmanned Aerial Vehicle (TUAV) Retractable

0,500(m)

0125 0375

Figure 5. Maximum shear stress

Maximum principle stress analysis results are shown in Figure 5.
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Figure 6. Maximum principle stress analysis

CONCLUSION

In this study, collapsible main landing gear design and static analyzes were made for tactical unmanned
aerial vehicle. The designed landing gear belongs to a 200 kg tactical unmanned aerial vehicle. Therefore, a force
of 2000 N was applied to the foldable main landing gear we designed in the y-axis direction. As seen in the

numerical analysis results, it is seen that the stress on the landing gear is high at some points. However, these values
seem to be of reasonable size when compared to other landing gear.
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