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Makale Bilgileri 0z
Makale Gegmisi Hava uzay araglarinda agirliktan kazang elde edebilmek igin 6zgiill mukavemeti yiliksek malzemelere
Gelis: 31/05/2022 yonelim artmistir. Bunun sonucunda kompozit malzemeler havacilik sektoriinde hizla yer edinerek ¢ogu
Kabul: 24/06/2022 noktada metallerin yerini almislardir. Bu kompozitlerin iizerinde gergeklestirilen darbe deneyleriyle ilgili
Yayn: 30/06/2022 ¢alismalar 6nem kazanmistir. Gergeklestirilecek deneylerin igin gerekli zaman ve ortaya ¢ikacak maliyet,
deneyler i¢in segilen parametre sayisina bagl olarak iistel olarak artmaktadir. Niimerik analizler yapilmak
Anahtar Kelimeler: suretiyle para ve zamandan kazang elde edilir. Bu ¢alismada LS-DYNA yazilimiyla [0, 90, 0, 90, 0, 90]
yonelim ile yerlestirilmis, 6 mm kalinligindaki ve 50x100 mm boyutundaki E-Cam/Epoksi laminelere diisitk
E-Cam/Epoksi, hizli darbe deneyi simiile edilmistir. Laminelerin tizerine 2,0, 2,5 ve 3,0 m/s hizlarinda 12 mm ¢apinda ve
Diisiik Hizl1 Darbe, 30 kg agirliginda vurucu ile darbe uygulanmistir. Gergeklestirilen diisiik hizli darbe simiilasyonunun
Niimerik Analiz, sonucunda kuvvet-zaman, ivme-zaman, hiz-zaman ve enerji-zaman degisimleri elde edilmistir. Bu
Sonlu Eleman Yéntemi, degisimler kendi iglerinde karsilagtirilarak kompozit plakanin darbe davranisi ortaya koyulmustur.
Darbe Davranist. Boylelikle, hava uzay araglarinda siklikla kullanilan fiber takviyeli kompozit olan E-Cam/Epoksi’nin bakim

veya kullanim esnasinda araglarda olusan diisiik boyutta gerilmeye denk gelen diisiik hizli darbe sonucunda
deformasyon incelenmistir.

Numerical Simulation of Low Velocity Impact Behavior Applied on E/Glass
Epoxy Laminates

Article Info ABSTRACT

Article History In order to gain weight in aerospace vehicles, the tendency to materials with high specific strength has increased.
Received: 31/05/2022  As a result, composite materials quickly took its place in aviation industry and have replaced metals at most
Accepted: 24/06/2022  points. Studies on impact tests on these composites have gained importance. The time required and the cost to
Published: 30/06/2022 be incurred for the experiments to be performed increase exponentially depending on the number of parameters
selected for the experiments. Money and time are saved by performing numerical analysis. In this study, a low
velocity impact test was simulated on E-Glass/Epoxy laminates with 6 mm thickness and 50x100 mm
dimensions placed in [0, 90, 0, 90, 0, 90] orientation with LS-DYNA software. Impact was applied on the
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GIRIS (INTRODUCTION)

Havacilik tarihinin ilk basarili ugusundan bu yana araglarin yapisal agirligini azaltabilmek adina
yeni malzeme cesitleri lizerinde calismalar yapilmaktadir (Composite Materials in Aerospace, y.y.).
Kompozit malzemelerin ortaya ¢ikis nedeni de bu ihtiyaci karsilayan metallere kiyasla diisiik agirlikli
yiksek performans 6zelliklerine sahip olduklarindandir. Kompozit malzemeler, birden fazla maddenin
istenen Ozelliklerinin tek bir malzemede birlestirilmesiyle olusan yeni malzeme tiiriidiir. Havacilikta
kullanilan araclarin gévdelerinde, kontrol yiizeylerinde ve yapisal elemanlarinda aktif olarak kompozitler
kullanilmaktadir. Bu kullanimda, metallere kiyasla korozyon direnci ve yorulma dayanimlarinin yiiksek
degerlerde olmasi biiyiik rol oynamaktadir (Composites in Aerospace Applications | Aviation Pros, y.y.).
S6z konusu havacilikta kullanilan araclar oldugunda, tasarim asamasinda en onemli faktorlerden biri
glivenlik olmaktadir. Bu araglara bakim veya kullanim esnasinda kontrollii olarak veya beklenmedik
sekilde darbeler etki etmektedir. Bu calismada gerceklestirilen diisiik hizli darbe simiilasyonu, diisiik ila
orta oranda gerilim yiiklemesine karsilik havacilikta kullanilan bir numunenin tepkisini incelemek adina
gerceklestirilmistir (Chordiya & Goel, 2020). Fiber Takviyeli Polimer Kompozitler (FRP) hava, kara ve
deniz tagimacilig1 gibi bir¢ok alanda yaygin olarak kullanilmaktadir (Berk vd., 2016). Bu kompozitleri
temel olarak cam elyaf, karbon elyaf, polietilen elyaf, Kevlar elyaf ve dogal elyaf olarak ayirmak
mimkiindiir. Cam elyaf takviyeli kompozitlerin i¢inde en yaygin kullanilan1 E-camdir. E-cam epoksi,
elektriksel olarak yalitkan ve {istiin boyutsal kararliliga sahip olup baski plakalarinin yapiminda
kullanilmaktadirlar. Aym1 zamanda neme karsi direngli olduklarindan degisik hava durumlarinda
performans kaybetmeden kullanilabilmektedirler. Bu sebeplerden 6tiirii bu ¢alismada lamine kompozit
malzemesi olarak e-cam epoksi tercih edilmistir.

Cam Fiber Takviyeli Polimer (GFRP) kompozitlerde, elyaf yonelimleri igin temel olarak iki
kombinasyon bulunmaktadir. Kompozitler, siirekli ve siireksiz fiber takviyeleri ile giiclendirilerek
mekanik 6zelikleri arttirilabilir. Siirekli fiber takviyesi numune tizerinde diger takviye ¢esitlerine nazaran
dayanimi yiiksek ve diizenli bir yap1 olusmasini saglamaktadir. Ayrica bu tiir takviyelerin simiilasyon
ortamina aktarimi daha verimli gerceklestirilmektedir. Bu ¢alismada matrise [(0,90,0,90,0,90)] yonelim
acilariyla siirekli fiber takviyeli e-cam epoksi lamineler yerlestirilmistir. Darbe davranisint modellemek
icin kullanilabilecek birgok sonlu eleman methodu yazilimi bulunmaktadir. Ls-Dyna yaziliminda
kompozitlerde darbe esnasinda gelisen hasarlari tahmin etmek i¢in Tsai-Wu, Chang-Chang ve Hashin
kriterleri kullanmaktadir (Nguyen vd., 2016).

Kompozitlerin diigiik hizli darbe davranmiglarinin birgok farkli yonden incelendigi calismalar
literatiirde bulunmaktadir. Lamine plakanin malzeme se¢imi i¢in E-cam epoksi ile karbon epoksi
kiyaslandiginda, karbon epoksi plakada temas siiresi ve emilen enerji miktar1 artarken kuvvet-zaman
egrilerinde gozle goriiliir bir fark olusmamaktadir (Kaviti vd., 2019). Termoplastik fiber metal lamine
(TFML) kompozit tasarimli plaka konfigiirasyonu ise metal alagimlara ve ticari fiber metal laminelere
gore daha yiiksek performans 6zellikleri gostermektedir (Rizzo vd., 2021). Cam/epoksi kompozit ile Al
6061-T6 katmanlarim1i igeren FML'lere dogal kauguk katmaninin eklenmesiyle enerji emilimi
artirilabilmektedir (Zarezadeh-mehrizi vd., 2022). GFRP kompozit plakalara tek duvarli karbon
nanotiipler (SWCNT) eklenmesiyle fiber, uygulanan darbe kuvvetini elimine etmek i¢in daha fazla yik
tasimaktadir (Maghsoudlou vd., 2021). S2 cam-epoksi kompozitler ise perforasyon esigine kadar aramid
epoksi kompozit numunelere gére daha fazla enerji soniimlemektedir (Berk vd., 2016). Flax/epoksi
lamineler, malzeme 6zelliklerinden kaynakli sadece penetrasyona ugramasina kadar gegen siirede dogru
analiz sonuglar1 sunmaktadir (Sy vd., 2019).

Plaka boyutu ve vurucu hizinin ayr1 ayri1 degiskenlik gosterdigi durumlarda, en biiyiik hasar alani
en kiiclik hacim degerine sahip plakada olusmustur. Ayrica hizin artmasi1 sonucunda tepe kuvvetlerinde
ve darbe etki alaninda artis goriilmektedir (Uyaner & Kara, 2016), (Mahesh vd., 2021), (Dhakal vd.,
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2018). Darbe hizindaki artis ayni zamanda enerji soniimlemesinde azalmaya sebep olmaktadir. (Chordiy
& Goel, 2019). 6082-T6 Aliiminyum alasimina yapilan diisiik hizli darbe analizinde, plakanin
delinmesine kadar gegen siire boyunca darbe kuvveti egrisi yiikleme ve bosaltma fazlarinda simetrik
olmustur. Bozucu kuvvetlerin etkisi (siirtiinme kuvveti), bosaltma fazinda gozlenmistir (Mocian vd.,
2018).

Fiber yonelimlerine bagli olarak gergeklestirilen diisiik hizli darbe analizi ile tek yonlii fiber
yonelimli plakalarin kayma gerilmeleri nedeniyle is gormez olduklar1 incelenmistir. Farkli yonelime
sahip fiber laminelerin kullaniminin maksimum yer degistirme noktasinda dahi penetrasyon
olusturmadigi sonucuna ulasilmistir (Giasin vd., 2021). Ancak tek yonlii lamine tabakalar ayni enerji
seviyesinde capraz katli lamine plakalarla karsilastirildiginda daha diisiik tepe kuvveti, daha uzun temas
siiresi ve daha biiyiik yiik diisiisleri gostermektedir (Sy vd., 2019).

LS-Dyna simiilasyonunda lamine plakalar kabuk eleman modellemesiyle gergeklestirilmistir.
Kabuk eleman modellemesi, kuvvet- zaman ve enerji-zaman egrileri agisindan daha dogru veriler sunsa
da kompozitlerin delaminasyon incelemesi i¢in kati eleman modeli daha dogru bir tercih olmaktadir
(Ahmad vd., 2018). LS-Dyna yazilimi kompozitler i¢in genis bir materyal modeli araligina sahiptir.
Delaminasyon incelemesi agisindan 3 boyutlu elemanlart igeren MAT22 hari¢ diger materyal
modellemeleri prognostik ariza modlarina sahip olmadiklarindan dogru sonuglar verememektedir. Fiber
takviyelerinin kopmasinin incelendigi yiiksek enerjili darbe durumlarinda MATSS8 ile MATS9 tatmin
edici sonuglar vermektedir. MAT54 ise diisiik hizl1 darbeler i¢in emilen enerjiyi en aza indirme egiliminde
olan aktif erozyonu tam olarak g6z Oniine alamayan ancak daha fazla veri ¢iktisina ulagtiran materyal
modellemesidir (Rossi vd., 2020). Bu ¢alismada Chang-Chang ve Tsai-Wu kriterlerini karsilayan MAT54
materyal modellemesi ile kompozit plaka tanimlanmistir. Tanimlanan plakanin tizerine vurucu kiitle ile
farkli hizlarda darbe uygulayarak kuvvet-zaman, hiz-zaman, ivme-zaman, kuvvet- yer degistirme ve
enerji-zaman verileri incelenmistir.

YONTEM (METHOD)

Bu boliimde, sonlu eleman yazilim1 LS-Dyna’da yapilan analiz ve simiilasyonlara dair ayrintilar
yer almaktadir. Alt1 katmanli 100x50x6 mm boyutlarinda dikdoértgen lamine e-cam epoksi kompozite
vurucu kiitle ile diisiik hizl1 darbe analizi ve simiilasyonu gergeklestirilmistir. Vurucu, kiiresel kat1 olarak
6 mm yarigapinda modellenmistir. E-cam epoksi lamineler [0,90,0,90,0,90] yonelim ile her bir plakada 1
mm kalinliginda yerlestirilmistir. Modellenen kompozitin ve vurucunun LS-Dyna goriintimleri Sekil 1°de
gOsterilmistir.

ke

Sekil 1. Vurucu ve Lamine Kompozitlerin 3D Modellenmis Halinin Perspektif Gortintimii

Analiz ve modellemede kullanilan 6 tabakali E-cam epoksi kabuk element fonksiyonu ile
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modellenmigtir. Materyal modellemesi olarak MAT-54 ENHANCED COMPOSITE DAMAGE
kullanilmistir. E-cam epoksinin materyal 6zellikleri Tablo 1’de verilmistir.

Tablo 1. E-Cam Epoksi Materyal Ozellikleri

MATERYAL OZELLIGI Degerler Birimler
Yogunluk 1,84E+03 Kg/m?
Young Modulus (Uzunlamasina Y 6n) 42 GPa
Young Modulus (Transverse Yon) 9,5 GPa
Poisson Orani 0,34 -
Shear Modulus 35 GPa

Vurucu olarak yogunlugu arttirllmig kiiresel kati kullanilmistir. MAT-20 RIGID materyal
fonksiyonu ile tanimlanan vurucunun materyal 6zellikleri Tablo 2’de verilmistir.

Tablo 2. Vurucu Kiitlenin Materyal Ozellikleri

MATERYAL OZELLIGI Degerler Birimler
Yogunluk 3,3151E-05 Kg/m?
Young Modulus 2,0710E+05 GPa
Poisson Orani 0,3 -

Diisiik hizli darbe simiilasyon ve analizlerini gerceklestirmek icin modellenen dikdortgen
geometrik sekle sahip E-Cam epoksi kompozitlerin kisa kenarlar1 sinir kosulu olarak kabul edilerek tiim
yonlerden hareketleri sinirlandirilmistir. Sinir kosullarinin model {izerinde gosterimi Sekil 2’de
verilmistir.

L

Sekil 2. E-Cam Epoksi Laminelere Tanimlanan Sinir Kosullart

Vurucu kiitlesi ile kompozitler arasindaki ¢arpisma 2, 2,5 ve 3 m/s hizlarda AUTOMATIC NODES
TO SURFACE fonksiyonu ile saglanmistir. Modellenen kabuk eleman ile kompozit eleman arasindaki
bag AUTOMATIC SURFACE TO SURFACE COMPOSITE fonksiyonu ile olusturulmus olup, analizler
LS-Dyna ¢oziiciisiinde ¢alistirilarak ¢iktilar kaydedilmistir.

Ikili veri tabani secimi i¢in D3PLOT ile ii¢ boyutlu modelin verileri grafik ¢iktis1 halinde alimustir.
Bu c¢iktt LS-PREPOST ile goriintiilenerek veriler incelenmistir. ASCII dosyalarindan GLSTAT,
MATSUM ve RCFORC veri tabanlar1 kullanilarak daha spesifik ¢iktilar elde edilmistir. GLSTAT veri
taban1 ile global verilere ulagilmistir. Bu sayede i¢ enerji, enerji oranlari, kinetik enerji, séntimlenen
enerji, toplam enerji gibi enerji temelli ¢iktilar ve X, Y, Z olmak tizere ti¢ eksende hizlar elde edilmistir.
MATSUM veri tabani ile bireysel parca enerjilerine ulagilmistir. Bu sayede GLSTAT c¢iktisindaki enerji
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verilerinin pargalara gore dagilimlari, ii¢ eksende rijit par¢a hizlar1 ve momentumlar1 elde edilmistir.
RCFORC veri tabani ile ara yiiz kuvvetlerine ulasilmistir. Boylece temas kuvvetinin zamana baglh ¢iktisi
elde edilmistir. RCFORC veri taban1 bu 6zelliginden dolay1 darbe problemlerinde kullanilmaktadir.

BULGULAR (RESULTS)

[0,90,0,90,0,90] yonelim ile yerlestirilmis, 6 mm kalinligindaki ve 100x50 mm boyutundaki E-
Cam/Epoksi laminelere diisiik hizl1 darbe deneyi simiile edilerek darbe soniimle enerjilerini belirlemek igin
sonlu elemanlar metodu ile sanal deney gergeklestirilmistir. LS-DYNA yazilimi ile tamamlanan bu deneylerde
kuvvet, yer degistirme, ivime, hiz ve enerji degisim sonuglarina ulagilmistir.

Kuvvet ve Yer Degistirme Tepkisi

Vurucu kiitlenin plakaya temas ettigi ilk andan itibaren numunenin ara yiizeylerinde olusan gerilimler
sonucunda kuvvet degerinde dalgalanmalar meydana geldigi goriilmektedir. Sekil 3°te bu dalgalanmalar agik¢a
gorlilmektedir. Bu durum Hertz temas teorisi olarak bilinmektedir. Elde edilen verilerde maksimum kuvvet
degeri, numunenin ¢arpigma sonucunda hasara kars1 direng kapasitesini gosterir. Kompozit numune iizerinde
farkli darbe hizlarinda gerceklestirilen testler sonucunda kuvvet zaman egrisi Sekil 3’te goriilmektedir. Farkli
hizlarda elde edilen maksimum kuvvet degerlerindeki artis malzemenin daha yiiksek darbe enerjilerine
dayanabileceginin kanitidir.

20000 -+
18000 -
16000 -
14000 -
12000 - \ 3.0m/s
10000 -
8000 -
6000 -
4000 -
2000 A
0 T T T |
0 0,005 0,01 0,015 0,02

Zaman [s]

—2.0m/s

—2.5m/s

Kuvvet [N]

Sekil 3. Farklh Hizlar i¢in Kuvvet Zaman Egrisi

E-Cam/Epoksi elyaflardan olusturulan tabakali kompozitin diigiik hizli darbeler sonucunda gosterdigi
mekanik tepki kuvvet-yer degistirme grafiginde goriilmektedir. Sekil 4’te gortildiigi gibi egri kapali bir forma
sahip oldugundan malzemeye uygulanan darbe sonucunda numunede delinme meydana gelmedigi
anlagilmistir. Kuvvetin tepe degerinde yer degistirme egrisinde olusan artis kompozitin elastiklik modiiliinii
analiz edebilme imkan1 sunmaktadir.
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20000 - —2.0m/s
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16000 -
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10000 - —3.0m/s
8000 -
6000 -
4000 -
2000
0 T T 1

0 0,01 0,02 0,03
Yer Degistirme [m]

Kuvvet

Sekil 4. Farkl Hizlar i¢in Kuvvet Yer Degistirme Egrisi

Vurucunun hizinin arttirtlmasi ile kompozit yapisinda meydana gelen yer degistirme miktarinda artis
olmaktadir. Ug farkli hiz degerinde gegeklestirilen darbede vurucunun hiz degerinin sifir oldugu an numunenin
maksimum yer degistirme degerine sahip oldugu goriilmektedir. Sekil 5’te farkli hizlar ile uygulanan darbe
sonucunda elde edilen hiz-yer degistirme egrileri goriilmektedir.

Hiz [m/s]
[y

-0,5 0

-1,5 Yer Degistirme [m]

Sekil 5. Farkli Hizlar i¢in Hiz Yer Degistirme Egrisi

Vurucu kiitlenin numune {izerine uyguladigi darbe sonucunda ivme ve hiz degerlerindeki degisimleri
Sekil 6 ve Sekil 7°de goriilmektedir. Sekil 6’da grafiklerin altinda kalan alanlar tanimlanan analiz siiresi
icerisinde hiz degisimini vermektedir. Sekil 7°de her bir hiz i¢in egrilerin egimi ivmeyi vermektedir. Hiz-
zaman egrisinin tiirevi ivme-zaman egrisini verdiginden bu iki sekil birbiriyle baglantilidir.
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Sekil 6. Farkli Hizlar icin Ivme Zaman Egrisi
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Zaman [s]

Sekil 7. Farkh Hizlar i¢in Hiz Zaman Egrisi

Enerji Soniimleme

Darbenin maksimum kuvvet degerine ulastigi anda séniimlenen enerji miktar1 tepe noktasina ulasir. Elde
edilen bu enerjinin maksimum degeri elastik sekil degistirme ve artik enerji (E_a) degerlerinin toplamindan
olugmaktadir. Sekil 8’de goriildigi lizere enerji soniimleme miktar1 tepe noktasina ulastigi andan itibaren
belirli bir seviyeye kadar diigerek sabit bir davranis sergilemektedir. Sabit olarak devam eden bu enerji degeri
kompozitin soniimledigi enerji miktarim1 vermektedir. 2,0, 2,5 ve 3,0 m/s hiz degerleriyle uygulanan diisiik
hizl1 darbelerin enerji miktarlari sirasiyla 60, 94 ve 135 J degerlerindedir. Numunenin bu uygulama sonucunda
sonlimledigi enerji miktar1 kuvvet-yer degistirme egrisinin integrasyonu ile belirlenir. 2,0, 2,5 ve 3,0 m/s hiz
degerleriyle gerceklestirilen analizler sonucunda séniimlenen enerji miktarlarinin sirasiyla 42, 75 ve 114 ]
degerlerinde oldugu tespit edilmistir.

Darbe Kinetik Enerjisi:

EKE = mvé

Geri Verilen Eneriji:
1 2
E; = Emvg

Soniimlenen Enerji:
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Sekil 8. Lamine Kompozitin Farkli Hiz Degerlerinde Uygulanan Darbeler Sonucunda Soniimledigi
Enerji Egrileri

Lamine Uzerinde Olusan Efektif Gerilme Dagilim1

Niimerik simiilasyonu gerceklestirilen diisiik hizli darbeye dair gerilim degerleri incelendiginde hiz
degerinin artisiyla meydana gelen gerilim degerlerinde de artis gézlenmistir. Gerilimin en yiiksek degeri
vurucunun lamine plaklara temas ettigi noktada gergeklestirilmistir. Gerilim dagilimi, esit olarak
gerceklesmemistir. Bunun sebebi lamine plakanin diizgiin bir geometriye sahip olmamasidir. Ayrica gerilim
dagilimi vurucunun laminelere temas ettigi merkez noktasindan sinir kosullarinin tanimlanarak 3 eksende
normal ve acisal hareketin engellendigi kisa kenarlara dogru gergeklesmistir.

Effective Stress (v-m)
2.716e+02 _
24440402 _
2173e+02
1.901e+02
1.630e+02_M
1.358+02 8
1.086e+02
8.148e+01 ]’h
5.432e+01_M
2.716e+01 _
0.0006+00 _

Sekil 9. Lamineler Uzerinde 2,0 m/s Hiz Degeri ile Uygulanan Darbe Sonucunda Olusan Efektif
Gerilme Dagilimi

T
L [
L |

B TN
1
11
| 4
B

L
-
am

]
|
[ |
-

Effective Stress (v-m)
2.751e402 _
2.476e+02 _
2.201e+02

1.926e»02:I
1.651e+02 _|

1.376e+402_M

1.100e+02
8.253e+01 _u
5502401 _
2.751e401 _
0.000e+00 _

Sekil 10. Lamineler Uzerinde 2,5 m/s Hiz Degeri ile Uygulanan Darbe Sonucunda Olusan Efektif
Gerilme Dagilimi

L | I T
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Effective Stress (v-m)
2.784e+02 _

25056402 _
2.227e+02
1.949¢+02
1.670e+02
1.302e+02_§
1.113e+02 |
8.351e+01
5.567¢+01 _
27846401 _
0.0006+00 _

Sekil 11. Lamineler Uzerine 3,0 m/s Hiz Degeri ile Uygulanan Darbe Sonucunda Olusan Efektif
Gerilme Dagilimi

SONUC (CONCLUSION)

E-cam epoksi plakalara diisiik hizli darbe niimerik olarak gergeklestirilmistir. Elde edilen sonuglar,
kompozit plakalarin enerji soniimlemesi ve hasar toleransi {izerine incelemeler yapilabilmesini saglamaktadir.
Numunenin iizerine uygulanan farkli enerji ve hiz degerlerindeki darbeler sonucunda numunenin {izerinde
olusan tepe kuvvetinin arttig1 goriilmektedir. Kuvvet-zaman egrisinde hem doldurma hem bosaltma fazi
gozlenmistir ve bu durum vurucunun kompozit levhaya penetre olmadigini yani vurucunun sektigini
gostermektedir. Bu sebeplerden numune soniimleyebilecegi enerji doygunluk seviyesine ulagmadigi da
belirlenerek uygulanabilecek darbe enerjisinin daha yiiksek seviyelerde olmasi durumunda da numunenin
basarili bir sekilde soniimleyebilecegi ortaya ¢ikmistir.
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Application Of Hoshin Kanri Planning On Aviation Business

INTRODUCTION

Changes, developments and innovations in today's world have various effects on businesses and
their activities. These global differences bring about the innovations and systems that will arise.
Businesses resort to various methods in order to get rid of these differences with the least damage and
to leave their competitors behind in the market. Among these applied methods, total quality methods,
strategic methods are some of the many factors that include businesses in the race. The company aims
to be a partner in this eternal competition by drawing its own roadmap and by taking one or more of the
methods used around the world as a guide.

The Hoshin Kanri Method, the foundation of which was laid in Japan, is an extremely important
and systematic practice. Hoshin Kanri;

* Achieving and concretizing strategic goals,

» To ensure that the daily plans of the whole organization and their long-term goals are in the
same direction.

» Aiming to apply the decisions at the top of the company to the lower levels

* It is a process-oriented approach developed by Yoji Akao in order to improve the performance
of the company by increasing and bringing together all the capabilities of the company.

Hoshin Kanri is a step-by-step step in the process of planning, implementing and controlling from
the lowest layer to the upper layer. It is preferred by many businesses that are at the top both in this
aspect and in terms of improvement.

In the study, detailed researches were made about Hoshin Kanri, Hoshin Kanri's history, model
and various branches were given, and the relationship between the PDCA Cycle was mentioned. The
Hoshin Kanri practice covers the practices of the PDCA cycle, and they benefit from each other in a
relationship and exchange. In addition to PDCA, two other simple but effective and valuable
applications used in the Hoshin Kanri Method, Cathball and Self-diagnosis, were also included in the
study. Hoshin Kanri is associated with many applications and models. The Fair Model is an example of
this. The prepared study is an application made on behalf of the aviation industry. With this application,
it is thought that Hoshin Kanri will be used more efficiently in the aforementioned sector.

LITERATURE SURVEY

Hoshin Kanri is a method developed by Yoji Akao for quality control and continuous
improvement activities, which emerged in the transition period from Statistical Quality Control (1Q) to
Total Quality Management (TQM) in Japan in 1960, adopted by enterprises to adapt to today's
increasingly harsh competitive conditions. HoshinKanri is a process-oriented systematic approach to
aligning an organization's daily activities with its strategic goals. Hoshin; It is derived from the
combination of the words "ho" meaning "method, form, direction” and "shin" meaning "bright needle,
magnet”. From here it can be said that the word "Hoshin" means direction magnet, compass. To the
science of management, hoshin, often translated as “Politics™; It also includes expressions such as
vision and purpose. Kanri; It is derived from the words "kan" meaning "control" and "ri" meaning
"reason or logic" and means "management or control”. Many Western businesses use different
designations to represent Hoshin Kanri. “Policy Diffusion” at AT&T and Texas Instruments, “Hoshin
Planning” with Hewlett-Packard and Procter & Gamble, “Management for Results” at Xerox,
“Deployment of Goals” at Exxon Chemicals, “Management of Policies” at Florida Power&Light,
“Application Oriented Management” are some of the qualifications used at Unilever. Hoshin Kanri was
developed in Japanese companies as a strategic management approach to enable the company to
manage strategic objectives within its corporate hierarchy. It is particularly useful and effective when an
enterprise-wide collaborative effort is required in key areas of an enterprise. The principle is that every
employee should make a contribution to their routines to key corporate priorities. Then, in a relatively
short period of time, the firm in question will hav taken a step further than would have been possible
with normal (typically functionally based) work.

It is an organizing framework for strategic management that deals with four key tasks.

ASREL



Application Of Hoshin Kanri Planning On Aviation Business

¢ Focusing on corporate orientation by setting a few strategic priorities each year,
e Aligning strategic priorities with local plans and programs,

e Integrating strategic priorities with daily management,

¢ Provide a structured review of the progress of strategic priorities.

75-95% of Hoshin activities consist of daily checks. It is related to "management by policies" in
the senior management stages and "middle managers" and "continuous improvement of basic functions”
in the daily control stages. Daily control takes the pulse of the organization, gives the necessary
information to the management about the existing capabilities of the organization and provides
continuous improvement.

To summarize briefly, HoshinKanri ensures that performance is continuously monitored by
disseminating and revealing the company management's direction, goals and plans to top management
and all employees in such a way that all job levels can act, evaluate, review and feedback on the results
by performing the PDCA cycle on a continuous basis. improvement (EurekaandRyan, 1990). The
purpose of hoshinkanri is to get out of the situation and to make a big leap by analyzing existing
problems, unfolding in response to environmental conditions. HoshinKanri is an annual plan for the
achievement of objectives developed in conjunction with management's choices and the means (ability
capabilities) of the organization to realize these choices (Akao, 1991).

There are performance criteria and desired performance levels for every business system. Hoshin
is a planning structure that will bring selected critical business processes to the desired performance
level. It is a system that offers detailed planning, implementation and control for changes in business
processes. It is also mentioned as a tool in lean leadership approaches. While performance indicators
provide accurate, timely, and reliability in order to manage companies in accordance with their strategy,
continuous improvement reveals the orientation for the success of the business. For this reason,
performance indicators must be given the necessary importance (Kabaday1, 2002; 74).

Woice of the Customer
custorner satlslachon

Figure 1. Policy Deployment (Cudney, 2009; 17)

Hoshin Kanri, also known as target diffusion, is a systems approach to the management of
changes in critical processes of the organization. It is an approach in which a strategic plan is developed
for 3-5 years, starting from the vision of the organization, and this plan is reduced to one-year targets
and these targets can be monitored periodically. Daily activities include not only the operational part of
an organization and institution, but also everything necessary for the routine management of that
organization and its long-term mission.

Hoshin Kanri practice is studied at two levels. First; strategic planning level; the second is at the
day-to-day management level. The main purpose of Hoshin Kanri is to integrate the organization's daily
activities with its long-term goals. Daily checking is the basis of Hoshin Kanri. It also concerns middle
managers and is concerned with the continuous improvement of core functions.
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According to Akao (1991), Hoshin Kanri “means the tools that will bring together all the forces
within an enterprise, harmonize ideas and continuously improve performance by adapting to change.
Hoshin Kanri is also expressed as “the marriage of strategic management and daily management”.

Daily control is an important part of Hoshin activities. 75-95% of the activities consist of daily
control. This is because daily control is important in Hoshin Kanri and effectiveness is ensured when
daily control is performed correctly.

Hoshin Kanri practices are achieved by examining daily affairs and ensuring their harmony with
long-term plans. The daily control is linked to the company strategy through the hoshin plan (Shiba et
al.,1995).

According to Eureka and Ryan (1990); The biggest feature of Hoshin Kanri is that he transforms
the vision and goals of the organization into measurable and applicable strategies (Dogan, 2000;81).

Hoshin Kanri Auxiliary Methods

The methods that support the implementation of Total Quality Control, thanks to its development
in Hoshin Kanri, are the first seven legacy (core) Total Quality Control tools. By 1978, a proposal was
proposed by the JUSE team. Nayatani in his study, Implementing Quality Control tools in Policy
Management, where seven new Total Quality Management tools were implemented, were used to solve
problems and then for strategic management (Akao, 1991).

Possible applications of the seven new TQM The methods used in the individual phases of
Hoshin Kanri are listed as follows;

e Planning of medium and long term policies: proximity chart, relationship chart, system chart,
matrix chart.

e Decision on the policy of the president of that year: matrix chart, affinity chart, relationships
diagram.

¢ Distribution to departments: system diagram, relationships graph, PDPC, arrow diagram.

¢ Implementation of policies and obligations. Policy: arrow diagram, PDPC (Akao, 1991).

A different approach to the selection of auxiliary forms for Hoshin Kanri has been taken by King
(1989). He developed a stage for an organization's requirements based on Maslow's hierarchy.

Organizational requirements at five levels can be reconciled with six different hoshin planning
steps and five hoshin methods.

These;

¢ Organization Vision,

Alignment,

Self-Diagnosis,

Process Management,

Individual Goal Focus.

All of these stages are called phases. The lowest part of the hierarchy is called phase 0, while the
apex is phase 4. Moving from one phase to the next requires the use of auxiliary methods. Therefore, to
move from zero to phase 1, the organization needs seven classic Total Quality Methods to manage
processes. Progression to the next stage is possible by identifying individual and organizational barriers
and weaknesses and taking appropriate action. To move to the next level, managers must coordinate
their individual needs with the needs of others. It is important that every manager chooses the 3 main
things they want to achieve in the annual plan.

The fourth, the last stage, can occur in a 5-year period, as a result of organizational diagnosis and
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when it is fully integrated into the organization (King, 1989). The final stage includes all the partial
elements such as vision, annual plan, development, process management and annual diagnosis.

Catchball

It is one of the practices that makes Lean one of the most effective methodologies for managing
teams. With the Chapter Hoshin Kanri method, your organization aligns your company's goals and
objectives from the actions of people at all hierarchical levels.

Hoshin Kanri Catchball is a technique for creating and maintaining open feedback loops at all
levels of your organizational hierarchy by creating a two-way flow of information sharing.

In its original form, Catchball has a vertical application, that is, the top management level sets
goals for the company and prepares a strategy proposal. They hit the bottom like a ball and expect to
receive feedback and tactical advice.

There may be several iterations before consensus is reached. Middle management assigns the
goals to the team leaders and the process is repeated until the “ball” reaches even the people at the
bottom of the pyramid. The ultimate goal is to ensure that everyone who will work towards achieving
the company's goals gives input on their behalf and aligns every action in a common direction shared by
all. While strategy is often laid by managers, in Lean, tactics and process improvements are laid by
lower levels of management and regular team members. This makes Catchball highly suitable for
companies that have embraced a culture of shared leadership. Catchball is an effective way to make
employees understand how they fit into the bigger picture and become more committed to the
organization's most important goals.

Self-Diagnosis

Self-diagnosis is the process of diagnosing or identifying medical conditions within oneself.
Medical dictionaries, books, resources on the Internet, past personal experiences, or recognizing the
symptoms or medical signs of a condition a family member has had before can help.

Self-diagnosis is error-prone and can be potentially dangerous if inappropriate decisions are made
on the basis of misdiagnosis. Because of the risks, self-diagnosis is not officially recommended by
governments, physicians, and patient care organizations. Even doctors are discouraged from self-
diagnosing because doctors also make mistakes when diagnosing themselves. If self-diagnosis is
incorrect, misdiagnosis can result in inappropriate health care, including incorrect treatments and lack
of care for serious conditions.

One of the biggest dangers of self-diagnosing psychological syndromes is that you may miss a
medical illness that appears to be a psychiatric syndrome. ... Selfdiagnosis also undermines the role of
the doctor, which is not the best way to initiate the relationship. ... There is also the fact that we can
recognize and see ourselves, but sometimes we need a mirror to see ourselves more clearly. ... By self-
diagnosing, you may be missing something you can't see. ... Another danger of self-diagnosis is that
you think you're more wrong than you really are. ... Self-diagnosis is also a problem when you deny
your symptoms.

However, under certain circumstances self-diagnosis may be appropriate. All over-the-counter
(over-the-counter) drugs are offered on the assumption that people can self-diagnose, first the wrong
drug that is unlikely to be serious, then the potential harm is determined by the minor cause. Some
conditions are more likely to be self-diagnosed, especially simple conditions like head lice and skin
abrasions, or familiar conditions like menstrual cramps, headaches or the common cold.

Complex conditions in which drugs are heavily promoted present a more challenging situation,
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including conditions such as ADHD in adults. Direct-toconsumer marketing of drugs is widely
criticized for promoting inappropriate selfdiagnosis. Another condition that is often self-diagnosed is
gluten intolerance.

The Self Diagnosis Method (SDM) is designed to support company executives in their efforts to
regularly review management performance.

The SDM can be used to determine initial or initial performance and then be applied to year-over-
year comparisons of improvements. In addition, it offers the opportunity to compare with the
benchmarking performance of the Sectors.

The main purpose is to review relevant management activities and procedures and how the
authority is dealing with important aspects. The results highlight points that need attention as well as
validating current best practices.

Self Diagnosis Methodology (SDM) provides:

e A concise and general approach to environmental review

A cost-effective procedure to check progress

Port specific document developed by ports - for ports

First step towards more comprehensive management systems

Summary of performance

SDM is specially designed to assist the port manager:

Assess the need for environmental management;

e Check compliance with environmental legislation;

¢ ldentify key activities and relevant environmental aspects

e Review and report internally the company's progress periodically;

e Monitoring environmental management performance through SWOT analysis (Strength /
Weakness / Opportunity / Threat) against recognized standards;

¢ ldentifying business risk and opportunity;
e Raising awareness on management issues.
Hoshin Kanri and Deming'’s Relationship with the PDCA Cycle

The PDCA cycle, which is indispensable for TQM, is a denrtim tool that forms the basis of
Hoshin Kanri and is used at all levels. It is the way the business plans its paths and destination,
establishes business plans, controls results, and integrates results with future business plans.

The PDCA Cycle (Plan-Do-Control-Act) aka PDCA (Plan — Do — Check — Act) Cycle was
developed by quality guru Dr.W.E. It is the quality management approach put forward by Deming
(Witcher & Butterworth, 1997). Deming has embedded the principle of continuity in quality control
with the definition of the Deming cycle, which enables the real application of control function to
statistical quality control. He claimed that 96% of the mistakes made were related to the system and
only 4% belonged to the employee (Turgay, 2014). He emphasized that the system should be improved
first in order to prevent errors. Since the system consists of parts, that is, processes, finding the process
that needs to be improved and improving it with the PDCA method will contribute to the correction of
most of these errors.
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When we look at this model, the stages of the process are; evaluation of the data obtained,
defining the change to be made and reaching the conclusion by basing the results on the data (Pyzdek
and Keller, 2009).

PDCA is a systematic approach used to achieve results by making a step-bystep plan, and this
cycle is based on continuous improvement. Hoshin Kanri is a part of total quality management based on
the PDCA cycle and is an important control stage at every stage. This cycle is a continuous cycle.
However, the order followed by Hoshin Kanri is different from PDCA. Hoshin Kanri begins the process
with the “Check” phase. Thus, the cycle becomes “Check - Act - Plan - Do (BID)”. Hoshin Kanri; The
vision shaped this cycle in planning and business operations.

In the planning phase, changes for improvement are designed and a strategic plan is created for
their implementation. In the implementation phase, planned change is implemented directly. The Check
section covers the analysis or detailed examination of the results. The take action phase is the last point
where the compliance with the change is realized or the decision to abandon the application is made.
The data obtained after each cycle constitutes a source for feeding, that is, the development of the next
cycle to be formed (Seidl and Newhouse 2012). Hoshin Kanri activation process; It starts with a
detailed control phase, in which the current situation of the enterprise, the plans of the previous years
and their results apre completely reviewed and whether the results differ from the expectations. As a
result of this analysis, the main causes of the problems and the successes shown apre determined in the
same way. With each iteration of company-wide control, a new unfolding of the goals, values, and
pathways found at each level emerges. After analyzing the results in the “Take action” phase, which
follows the control phase, the reasons for the differences between the targeted and actual outputs are
defined; These are discussed and agreed upon. After the corrective measures are determined, the action
is started by returning to the plan to be implemented. Following the Prevent phase, a new plan is made
based on the policy, followed by the "Plan" phase, and the "Implemented" phase, in which actions in
line with this plan are carried out.

It is used when improving processes, designing a new process, when a problem is to be solved,
and when implementing any change project. The purposes of use of this cycle;

¢ It shows which method will work more efficiently and effectively.
e Presents a process with approaches and skills.

o |t supports teamwork with open communication and participation of all teams.
¢ |t helps the integration of R&D and production functions.

e |t is a method of assuring the standardization of the process.

e |t is participatory management style. (All employees participate.)
e Increases cross-functional activities.

e |t aims to reach the truth for once.

e |tis aimed at quality and cost criteria.

The steps of PDCA are as follows:

1. Set goals and paths and unfold (Plan)

2. Bring roads to life and solve critical problems.(Do)

3. Evaluate performance and check progress against targets.(Check)

4. Standardize the results as daily checks or transfer them to new improvement plans.(Act)

ASREL



Application Of Hoshin Kanri Planning On Aviation Business

Plan — goals and paths

The “Plan” phase is part of Hoshin Kanri's annual process, where policies apre announced by senior
management to managers through formal meetings with the start of the planning year. These meetups
begin with 'balling-and-holding', a repetitive communication activity in which policies are translated into
goals and paths. In this way, the draft targets and paths are exchanged between the parties and a
consensus is reached on what can be achieved. Communication should be based on a process of
negotiation and consensus. Figure 3.11 shows how one team's draft goals and paths affect other teams
(The Witcher, 2002; 393). To test the achievability of objectives, they must be designed to meet the
requirements of a particular policy. Paths, on the other hand, can control progress with control elements
such as dates and timelines. In addition, each target has a person responsible for monitoring and
monitoring its progress. If the hierarchy level consists of four stages, the 'ballflickering' process must be
terminated within a month to be effective. Beyond that, managers and teams need to be preoccupied with
operational details. At this point, an implementation plan should be created in terms of the use of targets
and paths determined by the department management, timing of resources and periodic audit dates.

Cormsmcus
Inpeowement

Figure 2. PDCA Cycle (www.donusumdanismanlik.com)

Do — daily management of goals and paths

It includes the ways to reach the goals. In other words; It includes the day-today management of
goals and paths. The application is made through these ways. Implementation teams carry out the
implementation of the ways to reach the targets in the annual plan in this section. Steps to be followed for
implementation;

¢ Informing the relevant people
e Monitoring and realizing the action plan
e Close follow-up of application results

In addition to evaluation, this process also functions as analysis and prevention. At this stage,
interdepartmental cooperation is needed if major developments are to be desired. In the future, learning
can be obtained for new improvement studies from mistakes and experiences made. As a result of the
analyzes made at this stage, the first data of the "check" stage are formed.

Check — effectiveness of process and policies

The results obtained at this stage are analyzed in terms of achieving the planned goals and
objectives and whether the intentions in the strategy are actually achieved. The most important aspect of
Hoshin Kanri; is the annual analysis and evaluation of the existing situation and working environment of
the enterprise. Annual and periodic audits are a learning tool for senior management. Detailed controls
play a decisive role in the critical management process and performance.

e The steps to be followed during the control phase can be listed as follows;
e Checking whether the objectives have been achieved

e Detecting and recording possible deviations

e Analysis of the main sources of problems

Focus on environmental factors.
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The basic elements needed for the PDCA cycle actually constitute the most important control
elements. These are results-oriented elements. However, for more effective results, some of the most
important among the many causal factors that precede output need to be checked weekly or daily. These,
in turn, constitute control elements focused on causal factors.

Act — top management

The Act phase is characterized by senior management to ensure that key policies are formulated for
the entire organization and used by all employees in the next year. Some organizations use only one
policy, while others may have up to five policies. But more than that leads to loss of focus. The low
number of policies enables more employees to play a role in the development of goals and ways. By
analyzing the results encountered, the difference between the expected and actual results is revealed. A
consensus is reached by discussing the reasons for these differences, and extra measures are taken by
returning to the plan thanks to corrective actions.

Hoshin Kanri can be thought of as the application of the PDCA cycle to management processes.
However, the cycle that appears as PDCA in TQM turns into CAPD in Hoshin Kanri. In other words, the
activity process; It starts with a thorough review of the situation of the business, the plans and results of
the past years, and a detailed analysis that reveals whether the results differ from expectations, that is, the
control phase. The root causes of problems as well as outstanding performances apre likewise identified;
because these are unexpected results that can contain very valuable elements for learning. With each
iteration of company-wide control, a new expansion of target values and pathways at each level emerges.

After the control phase comes the prevent phase. At this stage, after the results are analyzed, the
reasons for the differences between the planned and actual results are defined; discussed and agreed upon.
After the corrective action is also defined, additional action is taken by returning to the plan. Following
the prevent phase, the plan phase, in which a new plan is made based on the policy, and the
implementation phase, in which actions in accordance with this plan are carried out.

Company
Hoshin

Figure 3. Company Hoshin (Lean Enterprise Institue)

METHOD

This study was designed in the phenomenology pattern and will be carried out with the
"qualitative research method". Qualitative research is a research method in which a process is followed
to reveal perceptions and events in a natural environment in a realistic and holistic way. “With
qualitative research, participants will be able to explain their experiences in depth and in detail. With
the phenomenological design, research focuses on phenomena that we are aware of but do not have a
deep understanding of. Perhaps that is why phenomenology is also called the "method of viewing the
essence". With a phenomenological pattern, the control function in the integration of management
processes in the operational departments of airline companies in Turkey will be examined as a
phenomenon.

With the evaluation made according to the facts and themes related to the integration of the
management processes that emerged in the literature review with the phenomenology model, the self
under the head of Pegasus integrated operation control will be displayed. The method of integrating the
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management processes in the Hoshin Kanri model will be compared with the essence of Pegasus
integrated operations control department.

29 e

“Three types of data are usually collected in qualitative research”; “environmental data”, “process
data” and “perception data”. In order to investigate the integration of management processes, a
qualitative research method was chosen to collect data about the processes.

Research Design

There are performance criteria and desired performance levels for every business system. Hoshin
is a planning structure that will bring selected critical business processes to the desired performance
level. It is a system that offers detailed planning, implementation and control for changes in business
processes. It is also mentioned as a tool in lean leadership approaches. While performance indicators
provide accurate, timely, and reliability in order to manage companies in accordance with their strategy,
continuous improvement reveals the orientation for the success of the business. For this reason,
performance indicators must be given the necessary importance.

Hoshin Kanri, also known as target diffusion, is a systems approach to the management of
changes in critical processes of the organization. It is an approach in which a strategic plan is developed
for 3-5 years, starting from the vision of the organization, and this plan is reduced to one-year targets
and these targets can be monitored periodically. Daily activities include not only the operational part of
an organization and institution, but also everything necessary for the routine management of that
organization and its long-term mission.

Hoshin Kanri practice is studied at two levels. First; strategic planning level; the second is at the
day-to-day management level. The main purpose of Hoshin Kanri to integrate the organization's daily
activities with its long-term goals. Daily checking is the basis of Hoshin Kanri. It also concerns middle
managers and is concerned with the continuous improvement of core functions.

According to Akao (1991), Hoshin Kanri “means the tools that will bring together all the forces
within an enterprise, harmonize ideas and continuously improve performance by adapting to change.
Hoshin Kanri is also expressed as “the marriage of strategic management and daily management”

Daily control is an important part of Hoshin activities. 75-95% of the activities consist of daily
control. This is because daily control is important in Hoshin Kanri and effectiveness is ensured when
daily control is performed correctly.

Hoshin Kanri practices are achieved by examining daily affairs and ensuring their harmony with
long-term plans. The daily control is linked to the company strategy through the hoshin plan.

According to Eureka and Ryan (1990); The biggest feature of Hoshin Kanri is that he transforms
the vision and goals of the organization into measurable and applicable strategies.

Research Sample/Study Group/Participants

A control study will be carried out at the Pegasus Integrated Operations Control Department in
order to examine how the integration of management processes is implemented in the operational
processes of airline companies in Turkey and what the integration role of the control function is. As a
result of the control study to be carried out according to the Hoshin Kanri Management method,
guestions about the integration of management processes will be asked to the participants with the semi-
structured interview method. In terms of market share in Turkey, Pegasus has 27.6% of the Turkish
airline market according to 2022 data. Therefore, the airline in Turkey has been chosen as a sample
since it will reflect their operational processes. In addition, for the Airline Sector in Turkey, which is
subject to the same national and international legislation, the restrictions and execution methods of the
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processes have been determined by the legislation. For example, Pegasus' flight crew process can
represent the flight crew process of other airline companies in Turkey, as the flight crew's departure,
overtime restrictions, and the method of execution of the flight process are subject to the same national
and international legislation. This example can also be said for other operational processes.

In the determination of the study group of the research, the typical case sampling method, one of
the purposive sampling methods, was used. Typical case sampling is finding the sample that describes
the universe in its most general form. Pegasus Airlines was chosen as a typical sample in order to
examine how the integration of management processes is implemented in the operational processes of
airline companies in Turkey and what the integration role of the control function is.

In addition, within the typical case sampling, the people who have the most information about the
integration of management processes in Pegasus' operational processes with the snowball and chain
sampling method will be determined, and they will be asked questions in the semi-structured interview
form developed according to the literature review, expert opinions, and data will be collected.

Three of the participants are managers who are involved in the process of making long-term
planning and setting annual targets. Four participants will be selected from middle and lower level
managers who have decision-making authority in the operational processes and the elimination of plans.
One of the participants consists of a manager who has deep knowledge of quality management systems.
A total of eight participants will be interviewed.

Research Instruments and Processes

“Data in the research” will be collected through a “semi-structured individual interview form”
developed based on the literature review, “expert opinions” and the control study of the Hoshin Kanri
management method in Pegasus Integrated Control Department. “Semi-structured individual interview
is a type of interview conducted to collect the same type of information from the participants about the
subject to be examined. In this approach, before the interview, an interview form is prepared that
includes interview questions or topics that will guide the interviewer. Semistructured interviews are
frequently preferred by researchers due to their certain level of standardization and flexibility,
eliminating the limitations of tests and questionnaires based on writing and filling, and helping to gain
in-depth information on a particular subject.

The themes determined in the conceptual framework and literature review will be taken into
account in the semi-structured interview form. “First of all, a draft interview form” will be created and
“this form will be submitted to expert opinion”. Semi-structured questions to be asked in these
interviews are presented in the appendices.

The reliability of the data during the individual interview will be ensured by taking notes and
recording the information to be given by the participants. Permission of the participants will be obtained
to record the interview. After the information obtained after the interview is organized, it will be
presented to the participants again and asked whether it is compatible with their own statements. The
validity of the information obtained in this way will be ensured.

Data Analysis

“Individual and focused interviews with the participants during the analysis phase will be
analyzed and transferred to a regular writing format. Then, these analyzed data will be interpreted with
descriptive analysis method. The data obtained in the descriptive analysis are summarized and
interpreted according to predetermined themes. The purpose of this type of analysis is to present the
findings in an organized and interpreted form.

“Descriptive analysis consists of four stages;
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* “Creating a framework for descriptive analysis”,

* “Processing of data according to the thematic framework”,
* “Description of Findings”,

* “Interpretation of Findings”.

Overview of The Airline Industry In Turkey

The airline industry, which is new in Turkey, is developing rapidly compared to other modes of
transportation. These developments depend on the changes in the airline industry in the world, the
economy and transportation policies implemented in the country, and the demand in passenger and
freight transportation. The stages of civil aviation transportation in our country from its inception to the
present and the final state of civil aviation transportation are evaluated below.

“The first aviation activities in our country started with military purposes. The first attempt in
Sefakdy was an activity for the use of airplanes in the Tripoli War in a facility with a runway and two
hangars created in 1912. In 1933, today's Turkish Airlines became the first commercial airline company
established by the state under the name “Airlines State Enterprise”. The development of THY over time
paved the way for the establishment of other companies. Sunexpress Airlines was established in 1989
with the partnership of THY and Lufthansa. A competitive environment was created in the airline
industry by establishing Pegasus Airlines in 1990 and Onur Air in 1992. Atatiirk Airport was renovated
in 1998 and with subsequent additional investments, it was serving a total of 50 million passengers. Air
transportation has become the most preferred sector in this field by increasing its share in total
transportation. The increase in demand, especially in domestic routes, and the fact that our country is in
a suitable location for transit travel can be shown among the important factors in the development of the
Airline Sector in recent years.

“The deregulation process of government restrictions, starting in 1980, has led to rapid increases
in passenger traffic with the decline in prices in markets where air transport is less developed. With the
liberalization of the sector in 2003, a similar situation was observed in Turkey, and the Turkish air
transport sector grew much faster than the developments in the world. After the legal regulations, the
number of companies operating in the sector increased rapidly with the entry of new companies.
According to the data of the General Directorate of State Airports Authority (DHMI), the increase in the
number of passengers in 2015 was 13.6% in domestic flights and 4.6% in international flights.
According to the estimates of Eurocontrol, the organization responsible for the control and management
of air traffic in Europe, Turkey will be among the top five countries where air traffic will increase the
fastest in Europe, with an increase of 4.2% in commercial air traffic in the 2015-2022 period. The
Aviation Sector, which shrank in parallel with the developments in 2016, grew again in 2017,
confirming these forecasts.

“While the data of the International Air Transport Association (IATA) showed the increase in air
passenger traffic in the world in 2014 by 5.9, the passenger traffic in Turkey reached 166 million with
an increase of 10.9 percent. With this 5.9% increase in world passenger traffic in 2014, it reached a
higher value than the 5.6% average of the last ten years. Our country, on the other hand, has exceeded
this value and Turkish Civil Aviation has started to take a much larger share in global passenger
transportation. Turkey has an important place in air transport with its geographical location and it shows
its importance with its constantly increasing air traffic”. In particular, this geographical location
provides advantages to air transport in Turkey in the transit passenger market. The share of transit
passengers in the international passenger market is not to be underestimated. For this reason, it can be
said that studies on this market have increased in recent years.
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“2016 has been a difficult year for the airline industry. It can be said that it was a difficult year
due to the increase in oil prices, which has the highest percentage among airlines' expenses, "capacity
increase of up to 6% on average" in the sector, and the terrorist incidents. In particular, the depreciation
of the currencies of developing countries against the dollar caused the sector to have difficulties in
pricing and planning. Turkish Airlines' total revenues decreased by 6.9% compared to the previous
year, due to the global impacts as well as the negative events that took place in our country in 2016.
According to IATA, worldwide airline passenger revenues decreased by 2.7% and cargo revenues by
9.5%. While the decline in passenger revenues of Turkish Airlines was 8.3%, which is above the sector
average, cargo revenues increased by 6.5%, showing the opposite development of the sector, despite the
negativities experienced. The fact that social events affect the airline industry in Turkey to this extent
can be accepted as an indication that the industry has a complex structure.

"Due to the unstable geopolitical environment in the southeast of Turkey, the terrorist incidents
that started in 2015 and continued in 2016, and the increasing security concerns, especially in Turkey
and Europe, airline passenger traffic was adversely affected. Approximately 70% of foreigners coming
to Turkey prefer air transportation. In this context, the troubled period that the tourism sector is going
through due to security concerns is also reflected negatively on the airline passenger transportation
sector. After the rapid increase in the number of visitors coming to Turkey by air in 2013 and 2014, it
increased by 1.7% in 2015 and decreased by 25.8% in the January-August 2016 period.

The airline industry, which is new in Turkey, is developing rapidly compared to other modes of
transportation. These developments depend on the changes in the airline industry in the world, the economy
and transportation policies implemented in the country, and the demand in passenger and freight
transportation. The stages of civil aviation transportation in our country from its inception to the present and
the final state of civil aviation transportation are evaluated below.

“The first aviation activities in our country started with military purposes. The first attempt in Sefakdy
was an activity for the use of airplanes in the Tripoli War in a facility with a runway and two hangars created
in 1912. In 1933, today's Turkish Airlines became the first commercial airline company established by the
state under the name “Airlines State Enterprise”. The development of THY over time paved the way for the
establishment of other companies. Sunexpress Airlines was established in 1989 with the partnership of THY
and Lufthansa. A competitive environment was created in the airline industry by establishing Pegasus
Airlines in 1990 and Onur Air in 1992. Atatiirk Airport was renovated in 1998 and with subsequent
additional investments, it was serving a total of 50 million passengers. Air transportation has become the
most preferred sector in this field by increasing its share in total transportation. The increase in demand,
especially in domestic routes, and the fact that our country is in a suitable location for transit travel can be
shown among the important factors in the development of the Airline Sector in recent years.

“The deregulation process of government restrictions, starting in 1980, has led to rapid increases in
passenger traffic with the decline in prices in markets where air transport is less developed. With the
liberalization of the sector in 2003, a similar situation was observed in Turkey, and the Turkish air transport
sector grew much faster than the developments in the world. After the legal regulations, the number of
companies operating in the sector increased rapidly with the entry of new companies. According to the data
of the General Directorate of State Airports Authority (DHMI), the increase in the number of passengers in
2015 was 13.6% in domestic flights and 4.6% in international flights. According to the estimates of
Eurocontrol, the organization responsible for the control and management of air traffic in Europe, Turkey
will be among the top five countries where air traffic will increase the fastest in Europe, with an increase of
4.2% in commercial air traffic in the 2015-2022 period. The Aviation Sector, which shrank in parallel with
the developments in 2016, grew again in 2017, confirming these forecasts.
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“While the data of the International Air Transport Association (IATA) showed the increase in air
passenger traffic in the world in 2014 by 5.9, the passenger traffic in Turkey reached 166 million with an
increase of 10.9 percent. With this 5.9% increase in world passenger traffic in 2014, it reached a higher value
than the 5.6% average of the last ten years. Our country, on the other hand, has exceeded this value and
Turkish Civil Aviation has started to take a much larger share in global passenger transportation. Turkey has
an important place in air transport with its geographical location and it shows its importance with its
constantly increasing air traffic”. In particular, this geographical location provides advantages to air transport
in Turkey in the transit passenger market. The share of transit passengers in the international passenger
market is not to be underestimated. For this reason, it can be said that studies on this market have increased
in recent years.

“2016 has been a difficult year for the airline industry. It can be said that it was a difficult year due to
the increase in oil prices, which has the highest percentage among airlines' expenses, "capacity increase of up
to 6% on average" in the sector, and the terrorist incidents. In particular, the depreciation of the currencies of
developing countries against the dollar caused the sector to have difficulties in pricing and planning. Turkish
Airlines' total revenues decreased by 6.9% compared to the previous year, due to the global impacts as well
as the negative events that took place in our country in 2016. According to IATA, worldwide airline
passenger revenues decreased by 2.7% and cargo revenues by 9.5%. While the decline in passenger revenues
of Turkish Airlines was 8.3%, which is above the sector average, cargo revenues increased by 6.5%, showing
the opposite development of the sector, despite the negativities experienced. The fact that social events affect
the airline industry in Turkey to this extent can be accepted as an indication that the industry has a complex
structure.

"Due to the unstable geopolitical environment in the southeast of Turkey, the terrorist incidents that
started in 2015 and continued in 2016, and the increasing security concerns, especially in Turkey and
Europe, airline passenger traffic was adversely affected. Approximately 70% of foreigners coming to Turkey
prefer air transportation. In this context, the troubled period that the tourism sector is going through due to
security concerns is also reflected negatively on the airline passenger transportation sector. After the rapid
increase in the number of visitors coming to Turkey by air in 2013 and 2014, it increased by 1.7% in 2015
and decreased by 25.8% in the January-August 2016 period.

2012 2013 2014 2015 2016(%) 2017(*)
Havayolu Sektirii Gelir/Gider

GELIRLER (milyar S) 706 720 751 718 701 736
Yolcu Geliri 531 539 539 518 504 530
Kargo Geliri 64 61 63 53 48 19

Trafik
Yoleu Km Gelisimi (TYK) % 53 52 57 7.4 5.9 5.1
Kargo Ton Km Gelisimi (UKTK) % -0.9 0.6 5.0 23 34 3.3

OPERASYONEL GIDERLER (milyar $) 687 695 716 659 643 687
Akaryakit 228 231 224 180 124 129
Akaryakitin toplam giderlerdeki payi(®o) 33 33 31 27 19 19
Akaryakat disi giderler 459 464 492 479 519 559

OPERASYONEL KAR (milyar S) 184 253 351 595 58.3 48,5
Operasyonel Kar Marji (%) 26 35 47 83 83 6,6

NET KAR (milyar $) 92 10,7 13,7 353 35,6 298
Net Kar Marji (%) 1.3 1.5 1.8 49 5.1 4,1

Figure 4. Annual Forecast Data given by IATA
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Yolcu Ugag Sayisi Koltuk Kapasitesi Kapasite

ARG I 2014 2015 2014 2015 Degisimi (%)
THY AO 224 258 43.250 50.983 17,9
Pegasus Hava Tagimacihk AS. 46 58 8634 10.827 25,4
Gines Ekspres Havacilik AS 53 54 9672 10.167 51
Onur Air Tagimacilik AS. 21 28 4.809 7.137 48,4
Atlasjet Havacilik A% 18 20 3.594 3954 10,0
Borajet Hav. Tas. Ugak Bak. Onar. TAS. 8 14 635 1.341 111,2
Turistik Hava Tasimacilk AS 10 10 1.849 1.890 2.2
Hurkug Hava Yolu Tas. Ve Tic.AS. 8 8 1.520 1.440 -5.3
Ihy lzmir Hava Yollar A.S 6 7 1.116 1.302 16,7
Tallwind Havayollari A.S. 7 7 1218 1.218 0,0
Toplam 401 464 76.297 90.259 18,3

Figure 5. Airlines Operating in Turkey

Ethic

In this study, ethical permission was not required since the research articles included in the sample
were taken from open search engines and electronic databases, and this study had a fictional value.

FINDINGS / RESULTS

In this application, changes in the function of management functions with the change of management
paradigms and environmental conditions and the integrational function of the control function in this process
were investigated. In order to investigate the above problems of this article, an application was made in
Pegasus' Integrated Operations Control Department. In this application, qualitative research method was used.
The data were collected through a literature review and a semi-structured individual interview form prepared in
line with the opinions of five experts. The interview form is shown in Appendix A. At Pegasus, four managers
from the integrated operations department, three managers from the strategic planning and investments
department and one manager from the quality assurance department were asked the questions in the interview
form. The data that emerged at the end of the interview were analyzed with the descriptive analysis technique
of the qualitative research method. Descriptive analysis is an analysis technique in which data is summarized
and interpreted according to the themes that emerged as a result of the literature review, direct quotations are
frequently used to reflect the opinions of the interviewees, and the results are interpreted within the framework
of cause-effect relationships. Descriptive analysis was carried out in the following four stages:

o A framework was created as a result of the literature review for descriptive analysis,
Data were processed according to the themes and sub-themes that emerged according to this
framework,

e Findings are defined,

e The findings have been interpreted.

Findings on Environmental Factors Affecting Strategic Plans and Annual Targets

Today, organizations operate in an environment of high uncertainty. As a result of the literature review,
it has been revealed that organizations should consider the effects of environmental factors when creating their
strategies and annual targets. While the main theme that emerged as a result of this scanning is environmental
factors, sub-themes are PESTLE (political, economic, social, technological, legal and environmental) analysis,
benchmarking and sector analysis. While sector analysis and comparisons are made to determine the effects of
the organization's immediate environment, PESTLE analysis is performed to determine the effects of the
organization's distant environment. The analysis of this main theme was made in two parts as shown below;
planning and operation. This is because for the planning department, environmental factors are the control
element of the planning function, while for the operations department, environmental factors are the control
element of the coordination function. Four participants “(P1, P2, P3, P4)” for the planning part and four
participants “(01,02, O3, O4)” for the operation part were interviewed.
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Table 1. Exhibitor Group and Codes

Sections of Participants | Duties | Code
Operations Department
Integrated Operations Presidency Vice President of Integrated Operations 01
Integrated Operations Presidency Stations Control Manager 02
Integrated Operations Presidency Operational Fuel Management Manager 03
Integrated Operations Presidency Quality and Document Management Chief 04

Planning Department

Strategic Planning and Investments

Directorate Strategic Planning and Investments Manager P1
Strategic Planning and Investments

Directorate Investment Planning Chief P2
Strategic Planning and Investments

Directorate Strategic Planning Chief P3
Quality Assurance Department Quality Management and Development Manager |P4

Findings Related to Planning

In this section, the participants were asked about the effects of “(P1, P2, P3, P4)” environmental
factors on the planning process, and all four participants reported that the effects of environmental factors
were taken into account when determining strategies and annual targets. It has been revealed that the results
of environmental analysis are evaluated while creating both annual targets and strategic plans. In addition,
four participants stated in the interview that the strategic plans are planned equal to the sum of the annual
targets. Near environment analysis with sectoral analysis and comparisons, and far environment analysis
with PESTLE analysis are carried out. While determining the annual targets, the following statement of the
participant coded P1 shows the difference between the two analyses; “But since 18 is next year and the
unknowns are a little more known, by 2025, you have a little more opportunity to act.” In addition, three
participants stated in the interview that the “(P1, P2, P3)” strategic plans are planned equal to the sum of the
annual targets. The opinion of the participant with the code P2 on this matter is as follows; For example,
Airbus says it will deliver the bulk of the planes by the end of 2018, to be used by 2025 or 2035. What does
that mean? airlines have placed their orders until 2018-19. Likewise, trade; how is world trade developing or
oil; oil forecasts are currently at $50, rising to $70 by 2025. But it also has a wave. It is also considered. All
of this is put on the table. From here, it is determined how much THY should grow each year.

Considering the environmental dimension of the airline industry in Turkey, it is seen that the
interviewees agree on the effects of "(P1, P2, P3, P4)" environmental factors on the organization. P1 coded
participant says: “Therefore, many factors in the world are effective in your decisions during the formation
of vision, mission, main strategies and medium and long-term plans”.

In order to examine the dimension of the control function, which is the main problem of the research,
to ensure the integration of management processes, the participants were asked whether "(P1, P2, P3, P4)"
environmental factors were controlled before planning. This question was answered by the participants that
environmental factors were controlled for both strategic plans and annual targets, in accordance with the
themes (PESTLE, sector analysis and benchmarking) determined as a result of the literature review. In this
context, it has emerged in line with the “(P1, P2, P3, P4)” opinions of the participants that the control phase
of the KPP (control, take action, plan and implement) model was applied by Pegasus when determining
strategic planning and annual targets.
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Findings Related to the Operation

Four participants from the operations department, “(O1, O2, O3, 04)”, were asked about the
environmental factors that affect the operation process in terms of reaching annual targets, as they are in the
implementation part of the process. The themes that emerged as a result of the literature review and the
opinions of the participants are as follows:

Political and Legal: All four participants stated in “(O1, O2, O3, 0O4)” that operational processes are
affected by political and legal facts.

Effects of environmental-natural events: All four participants in “(O1, O2, O3, O4)” stated that
operational processes are mostly affected by environmental-natural events, considering the themes that
emerged from the literature review. The fact that some of the operational processes of the airline industry
take place in the atmosphere can be said to be the reason for being affected by environmental factors.

Economic Developments: All four participants on this theme stated that operational processes are not
affected by economic developments, but they also affect them indirectly as they affect the company's targets.

Technological Developments: All four participants reported that the developments in technology
positively affect the operation processes and thus the process of reaching the targets. Regardless of the cost-
benefit relationship, opinions are expressed in terms of operational processes.

Social Developments: It was stated by four participants that unexpected social developments
negatively affected the operation. For example, a strike by any airport employee group was given as an
example by some of the participants from the operations division, where it affected the daily operation.

Comparison: Four participants (“O1, 02, O3, O4)” also said that they and other airlines made
comparisons during the interview.

Participants reported that six of the factors (political, social, technological, legal and natural
environmental) included in the PESTLE analysis affect the operational processes of Pegasus, while economic
factors indirectly affect the operation in the way of reaching annual targets. These factors are considered as
control elements of the policies and targets set for daily operation. For example, meteorological forecasts are
constantly monitored and necessary measures are taken to ensure that the daily operation proceeds in line
with the determined policies. Another control element is legal developments; The legal permanent and
temporary regulations published by the civil aviation authorities of the countries are also checked. It turns
out that the environmental factors that emerged from this conversation are constantly being controlled so that
the day-to-day operation goes as planned in order to achieve the annual targets.

Findings Related to Internal Factors Affecting the Operations Process

Internal factors affecting Pegasus' operational process were also questioned. Themes that emerged as a
result of the literature review; critical processes, process stakeholders, employees and customer expectations.
These dimensions were asked to eight participants and the findings obtained in line with the participant's
opinions are as follows;

Performance in critical processes: It was stated in the interview by eight participants “(O1, 02, O3,
04, P1, P2, P3, P4)” that critical processes were identified because they affect the performance of the
organization more than other processes. In addition, while determining the targets, the obstacles that may
arise in the way of reaching these targets are determined together with the critical processes. If it is thought
that the outputs of the processes will reach the goals of the organization, the importance of the outputs of the
critical processes that have a greater impact on the execution of daily activities in line with the targets can be
understood.
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Process stakeholders: Participants were asked about the effects of process stakeholders on achieving
the goals. All eight of the participants expressed the opinion that the process stakeholders are important in
terms of the outcome of the process. It has been reported by all participants that process stakeholders in
Pegasus, a global company, may also be from other businesses from which service is received.

Employees: Eight participants reported in the interview that employees are effective in organizational
performance. In addition, the participant, who was interviewed by the quality assurance department, stated
that an employee satisfaction survey is carried out regularly every year in accordance with the 1ISO 9001
quality standard. In addition, Pegasus announced that senior management attaches importance to employee
satisfaction and that the results of the employee satisfaction survey are also high. The subject of training in
order to increase employee performance was frequently raised by the participants. In addition, while
discussing this subject, some participants said that subjects such as motivation and culture affect
performance.

Customer satisfaction: The effect of customer satisfaction on the goal setting process and operational
processes was asked to the participants in the interview and eight participants said that customer satisfaction
is a criterion both in terms of operational processes and in determining goals. It was explained by the
participants in the meeting that it is effective in determining targets and managing operational processes, as it
is one of the criteria of the ISO 9001 quality system and makes customer satisfaction a quality policy at
Pegasus.

The purpose of asking internal activities in this section is whether a link has been established between
business performance and planning. For this reason, the factors affecting business performance were
questioned in line with the themes that emerged in the literature review. The first of these is to identify
critical business processes and to increase them to the desired level. It was explained that critical business
processes were determined by the participants “(O1, 02, O3, O4, P1, P2, P3, P4)”. It has been concluded that
continuous controls are made in order to carry out critical business processes at the desired performance level
in daily operation. Since this contributes to the progress of the daily operation as planned, it is important in
terms of carrying out the operational processes in line with the targets.

In today's competitive environment, it is customer expectations that are effective in determining
targets, and these expectations can be a source for process improvement in order to increase business
performance. Customer satisfaction is one of the 1SO 9001 criteria and it is a TQM statement that
organizations that design their processes according to customer expectations will achieve the financial results
they want. Pegasus conducts customer satisfaction surveys and shapes its processes according to these
researches or tries to minimize service errors. The literature review revealed that the performance of
organizations operating in an intensely competitive environment today depends on how well they meet
customer expectations and how much they develop themselves in this direction. Therefore, customer
expectations have an important place in determining the targets and the participants expressed their opinions
in this direction.

Findings Related to the Effects of Management Systems Implemented at Pegasus on
Planning/Operational Processes

The theme of management systems was questioned in terms of the effects of management systems on
determining targets and determining the performance of processes. The opinions of the participants are as
follows;

Management systems and targets: Four participants interviewed from the operations department stated
that the management systems had no effect on the determination of “(O1, O2, O3, O4)” targets. Only the
participant with the code "O4" reported that the quality assurance department was consulted to ensure that
the goals are realistic, achievable and measurable. Therefore, it can be said that a meaningful connection was
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not reached as a result of the meeting, from an operational point of view. However, three of the interviewees
stated that “(O1, 02, O3)” processes are audited in terms of compliance with the quality system and there is
an indirect connection between the objectives and the management systems, since the objectives are
determined according to the processes.

Management systems are a framework of policies, systems, processes and procedures that enable the
organization to achieve its set goals. Therefore, the continuous control of policies and processes that will
achieve the goals and the improvement of policies and processes, if deemed necessary as a result of these
controls, is the ISO 9001 quality standard. In this way, a link is established between the objectives and the
processes, and the processes that do not reach the targets are either improved or replaced with new ones.
PDCA is one of the most effective methods used for process improvement. PUKO forms the basis of
management systems. Pegasus is an organization with a management systems certificate. However, the
participants did not mention the improvement of the processes of the management systems in their opinions.
The participant “(P4)” interviewed from the management systems department stated that the processes were
inventoried, and that when the performance indicators of the processes could be measured, improvement
studies would be started and this could be used to serve the partnership goal. In addition, although the
determination of policies is a management system criterion, it emerges from the opinions of the participants
that the policies are not determined while determining the targets.

The quality objectives must be in line with the quality policy determined by the top management. The
overall objectives of the organization should also be compatible with the quality objectives. In the interview,
three participants “(P1, P2, P3)” from the planning department and “(P4)” from the quality systems
department did not mention this compatibility. They reported that the information of the quality management
presidency was sought only for the targets related to quality.

Findings Regarding the Control of Annual Targets at Certain Periods During the Year

In this finding, the answer to the question of whether the point reached on the way to reach the targets
is periodically checked was sought. In addition, revision of targets, process improvement, control elements
other than target criteria were questioned as sub-themes as a result of literature review.

Periodic control of targets: All eight of the participants reported that the targets determined in the
annual planning “(0O1, 02, O3, O4, P1, P2, P3, P4)” were checked quarterly in terms of criteria.

Revision: When asked whether the targets were revised as a result of the periodic control, seven
participants stated that “(O1, O3, O4, P1, P2, P3, P4)” targets were revised during periodic controls, when
deemed necessary. The other participant “(02)” said that they took note of this and evaluated it in the targets
of the next year.

Process improvement: If the reason for not achieving the goals is due to the internal processes of the
business, it was questioned whether there was any improvement in the processes. In this regard, seven
participants stated that they decided to improve the (01, 02, O3, O4, P1, P2, P3)" processes during these
periodic controls.

Control elements: With this theme, it was questioned whether the targets were controlled other than
the target measures determined during the year. All participants reported that there were other control
elements in the interview. It has been reported that targets are controlled from other aspects as well, although
these elements are specified differently.

Periodic controls are carried out throughout the year in order to inform the senior management about
the extent to which the targets have been achieved. It is an application of the HK method to ensure
integration between the coordination function and the annual plan by making revisions in both the processes
and the criteria of the targets, if necessary, in these periods. As a result of the interview, it was revealed that
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the level of reaching annual targets at Pegasus quarterly is evaluated in the meetings held by the top and
middle managers with the results. As a result of the interview, it was reported by the participants that the
criteria of the targets were revised in very exceptional cases during these periods. In addition, it was also
explained by the participants that process improvement was made when there was an inadequacy in the
outputs of the processes that would reach the annual targets in these periodic controls. There has been no
notification about the method (such as PDCA) improving these processes. It was reported by some
participants “(P1, P2, P3)” that environmental reasons caused the revision of the criteria of the targets in
particular. It can be said that Pegasus uses periodic controls to ensure integration between annual planning
and coordination function. In addition, due to unpredictable factors in planning, revision in the criteria of the
targets and improvement of the processes that do not reach the targets are made in order to ensure the
integration of the two management processes (planning and coordination).

The necessity of controlling the targets not only with measures but also with other control elements in
certain periods is an HK practice. As a result of these controls, it can be revealed why the targets are not
achieved. The use of management systems or national and international civil aviation rules for the airline
industry as a control element may be considered. In this interview, the participants said that they had audits
of management systems and civil aviation rules, but they were not effective in setting annual targets.
Controlling the processes in terms of output or controlling the policies that will achieve the goals can be
considered as a control element. Therefore, process improvement can be decided more effectively in these
periodic controls. However, no such opinion was expressed by the participants in the interview.

Findings Concerning the Evaluations of Achievement of the Targets at the End of the Year

In this finding, it was prepared in order to question whether evaluations were made at the end of the
year in terms of reaching the targets. In addition, if evaluations are made at the end of the year in terms of
reaching the goals, it is aimed to investigate whether the results are effective in determining the goals of the
following years and improving the organizational processes. The themes that emerged as a result of the
literature review and the opinions of the participants are as follows:

Reporting: Seven of the participants gave a positive opinion on the question of whether a report was
prepared at the end of the year, in which the degree of achievement of the targets was evaluated and if the
targets were not achieved, why it was tried to be determined.

Process improvement: If the target criteria could not be reached during the periodical controls, it was
concluded that the processes were also evaluated and the processes were improved if necessary. It was also
asked in this part of the interview whether it was decided to improve the processes in the year-end report, and
seven of the participants said that process improvement could be decided in the year-end evaluations.
However, five participants reported that they decided to improve the process if the targets could not be met.7

At the end of the year, preparing a report containing the extent to which the organization has achieved
its goals is an application of the HK method. This report provides information to senior management about
the organization's performance for that year and guides senior management in making decisions about the
future. Comparison of targets with actual result is the beginning of this report and the first check is about
target measures. In cases where there are differences, analyzes are made and process improvements are
carried out in line with the analyzes. In case of organizational problems, performance analysis of the
processes of the organization is made and necessary corrections are made as a result of these analyzes.

It emerges as a result of the meeting that the year-end report is prepared at Pegasus, and it is stated by
the participants that the targets are evaluated in terms of the difference between the realized and the planned.
It is understood as a result of the meeting that the necessary measures are taken in cases where the targets are
not achieved. If the reason is due to the process, the improvement in the processes is also one of the results of
the meeting. However, no opinion was expressed by the participants about the performance controls of the
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processes with management systems or other control elements.

Another issue is that the evaluations in the year-end report affect the annual target planning of the
organization in the following year and provide integration between planning and the performance of the
organization. The results of the interviews reveal that the reports prepared at the end of the year at Pegasus
are effective in setting the targets for the next year. In particular, it can be said that it forms the basis for the
targets to be smart (realistic, achievable and measurable).

CONCLUSION

Fayol emphasized that the management process consists of "functions™ that are applied sequentially.
These functions are planning, organization, execution, coordination and control and are implemented
sequentially. The control function is applied sequentially last and is intended to compare the planning with
the actual. It is said that this understanding stems from the application of Newtonian physics to the science of
management, and this understanding is based on cause-effect relationships on the basis of linear
relationships. In line with this understanding, the errors that occur as a result of the control function are not
caused by planning, it is accepted that these errors arise from the implementation of one of the other
functions.

Today, as a result of globalization in management science, developments in communication and
information technologies, an incomparable increase in the value given to the human element and the
development of a holistic systemic understanding that everything is related to everything, the chaos and
complexity approach developed according to Quantum Physics is dominant. It can be said that there are
changes in the functions and implementation of management processes for businesses operating in a chaotic
environment. In this study, the HK method was used while investigating these changes in the management
processes in the airline industry and the integrative role of the control function.

In the HK method, before the short, medium and long-term plans are prepared, the organizational
performance of the last year is checked and the environmental analyzes of the organization are made and
necessary precautions are taken. Thus, the integration of planning and organization, direction and
coordination processes can be achieved. Because if the planning is not found realistic and feasible by the
implementation teams, it is possible to experience problems in the organization, direction and coordination
processes. At the end of the meeting, it was concluded that the environmental conditions of the business were
analyzed by considering the business as a system while the strategic plans were being created and annual
targets were set at Pegasus. Operating in a complex environment, Pegasus sets strategic plans and targets
using PESTLE analysis, sector analysis and benchmarking techniques. In addition, the performance of the
enterprise is also taken into account before determining the annual targets. As a result of the study, it was
determined that the critical processes and process stakeholders that significantly affect the business
performance were determined. From these results, it can be said that before planning at Pegasus, the
necessary measures were taken by controlling the environmental factors and the operational performance
through last year's end-of-year report, and thus integration between the planning function and the
organisation, directing and coordination functions was achieved.

In the Hoshin Kanri system, annual business policies are determined as a result of mutual discussions
between senior management, mid-level managers and implementation teams. First, the draft targets suitable
for strategic planning are determined without any criteria. These draft targets are migrated to the departments
and parts where the activities are developed. The key point in the expansion of business policies; It is a two-
way communication between top, middle and lower level managers, and this two-way communication begins
thanks to this migration.” This two-way communication continues until an agreement is reached on the
criteria for the draft goals and the ways to reach these criteria. This practice is called kicking the ball in HK.
But it's not the ball thrown here, it's the ideas. Thus, motivation is provided with employee participation, and
the planning function is integrated with the directing and coordination functions. The purpose of this activity
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in the HK method is the belief that people will act according to their own truth when they do not know what
is right. It is believed that thanks to this participation, what is right will be known and as a result, the
organization will focus on the main goals as a whole.

In both Pegasus and the HK method, strategic plans are determined by the senior management. Draft
annual targets are formed according to strategic focuses. With this method, integration between annual
targets and strategic plans is ensured.

Both senior management, middle-level managers and lower-level managers play a role in the
determination of annual targets. Annual targets are divided into three as main targets or general directorate
targets, chairmanship targets and directorate targets. The main targets are determined by the top management
and middle level managers by reaching an agreement. Middle managers (chairmen) also consult with their
managers about these goals before setting the main goals. Then, the goals of the presidency and the goals of
the directorate are determined under the moderation of a unit (Pegasus investment relations department).
This process continues until an agreement is reached between these three groups on the criteria for the goals.
According to this result, it is understood that the HK method of throwing the ball in Pegasus is used in
determining the criteria of annual targets, with the participation of managers at all levels. Thanks to these
controls, it can be said that the integration between the planning function and the directing and coordination
functions is provided.

In the study conducted at Pegasus, it was concluded that the employees were informed about the
policies to achieve the goals, but there was no meaningful result that they were informed about the
relationship between the goals and the policies that will achieve these goals. This goes against the HK
method philosophy, which argues that employees will enforce their own truth when they don't know what's
right. From this finding, it can be deduced that full integration between planning and directing functions is
not achieved in Pegasus.

Not only the criteria but also the policies are determined as a result of the agreement between the
management levels in the HK's dribbling practice. However, there was no result related to this issue in the
study. Policies at Pegasus are determined by managers and presidents in line with the determined target
criteria.

Bringing critical business processes to the desired level is the main goal of HK. For this purpose, the
targets are checked not only in line with the criteria but also with other elements in the periodic controls and
year-end controls in the HK method. In particular, the processes can be controlled through elements such as
quality, budget, execution time, and it can be decided to improve the processes if necessary. With this
application, integration between planning and organizational functions can be achieved through control
elements.

During the periodical and year-end controls at Pegasus, no meaningful conclusions could be drawn
that the processes are controlled by factors such as quality, budget, and execution time. However, it is a plan
that will raise the "critical business processes" that HK wants to achieve to the desired "performance™ level.
Controlling critical business processes with the determined control elements and improving the processes
with the PDCA method, if deemed necessary as a result of this control, are taken as basis. It forms the basis
of PUKO quality systems. However, it has been concluded that quality systems are not used for this purpose
at Pegasus.

The annual targets determined in the HK method are checked periodically. Thus, the point reached on
the way to reach these determined targets is controlled by both criteria and other control elements. This
means implementation teams are controlled by senior management. During this control, adjustments are
made in the annual planning when deemed necessary. These fixes include revision of targets, revision or
change of policies and improvement of processes. Thus, thanks to the control function, integration between
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planning and organization, coordination and directing functions is provided.

Annual targets are checked quarterly at Pegasus. The degree of achievement of the targets is
determined in the controls made according to the criteria determined for these quarterly periods. In these
periodic controls, not only unachievable targets are revised; In addition, revision decisions can be taken for
targets that are determined to be ahead of the criteria given at the beginning of the year. The improvement of
the processes can be decided if the criteria of the targets have not been achieved. In the light of these
findings, it can be said that the integration between planning and organization, coordination and directing
functions is achieved by making periodic checks at Pegasus.

Integration of daily operation with objectives is achieved through policies at HK. These policies and
critical processes are designed to achieve daily operational targets. Since the targets are determined
according to the strategies, it can be said that the integration between the daily operations and the strategies
is provided in the HK method. At Pegasus, the design of daily operations is carried out in line with targets,
thanks to critical processes and policies. In addition, critical processes are monitored with the determined
control elements (political, legal, social, technological, environmental-natural factors and the performance of
internal critical processes) and integration between planning and organization, coordination and directing
functions is ensured.

Year-end controls are carried out in HK, where the annual targets are compared with the actual results,
and the results of the year-end controls are presented in a report. These controls cover not only target values
but also processes, especially critical processes. Here, the integration function of the control function is
realized at the point of compliance of the planning and implementation (organization, coordination,
directing) with the objectives. These controls also provide integration between the annual plans for the next
period and the organizational performance.

At Pegasus, year-end evaluations are made in which target values are compared with the actual ones,
and these evaluations are presented in a report. The level of achievement of the targets is evaluated in
meetings attended by top and middle managers and necessary measures are taken according to these
assessments. If processes are seen as the reason for unreachable target values, it was determined that process
improvement work was carried out. In addition, these evaluations play a key role in determining the targets
for the next year. With this application, integration between the year-end controls and the next year's targets
and the organizational function is ensured at Pegasus.

In line with the results obtained, it has been determined that the control function is used in the
integration of management processes during the determination and implementation of strategic plans and
annual targets at Pegasus. In addition, it has been determined that the applications of the HK method are used
during the management process at Pegasus, apart from the issues mentioned above. It can be said that these
issues are policies, measuring and improving processes, and informing employees about goals and target
paths. In this context, it can be concluded that the HK method can be used in the implementation and
integration of management processes in the operations of Pegasus and airline companies in Turkey.

Finally, it can be seen that the order of execution of the management process functions in the HK
method is not sequential. H. Fayol's last consecutively applied control function was applied in the HK
method both during the management processes and in the first place and was used in the integration of the
management processes. In this study, it is concluded that management processes are not applied sequentially
in Pegasus as well. The management processes implemented in the form of PPs start with the check phase
and then the planning phase is started. In addition, after this stage, management processes functions are not
implemented in a specific order.
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APPENDIX A

1. Can you explain the environmental factors that affect the operation process in determining the annual
targets/planning/reaching the annual targets?

2. Can you explain the internal factors that affect the planning/operation process?

3. Can you explain the effects of the management systems implemented in THY on the planning/operational
process?

4. Are periodic checks made to achieve annual targets? So can you explain?

5. Can you explain the evaluations made on reaching the targets at the end of the year?
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Makale Bilgileri 0z
Makale Gegmisi Ugaklardaki turbojet motorlarinda farkli sistem ve yerlerde kullanilmak iizere kompresér boliimiinden
Gelis: 01/06/2022 ¢ekilen havaya tahliye havasi denir. Bu c¢alismada, tahliye havasinin motor performansina etkisi
Kabul: 27/06/2022 incelenmistir. Tahliye havasinin performans {izerine etkisi incelenirken kompresorleri bélme yontemi ve tim
Yayn: 30/06/200 havanin kompresor ¢ikigindan ¢ekildigi varsayimina dayanan yontem kullanilarak karsilastirma yapilmistir.
Buna ek olarak, analitik hesaplamalar baz alinarak bir arayiiz tasarlanmistir. Bu arayiiz ile kullanicinin
Turbojet, hizlica sonug alabilmesi ve grafikler tizerinden kolayca degerlendirme yapabilmesi amaglanmistir. Kullanici
Kompresor, isterse grafiksel inceleme yerine komponent diizeyinde inceleme de yapabilir. MATLAB ortaminda
Tahliye Havasi, olusturulan bu arayiiz ile kullanici tarafindan girilen Mach sayisi, irtifa ve kompresor sikistirma orani
Motor Performanst. degerlerinde tahliye havasinin itki, jet ¢ikis basinei, ve dzgiil yakit tiikketimine etkisi grafiksel ve komponent

diizeyinde bilgi olarak kullaniciya sunulmaktadir. Her iki yontemle de arayiizden elde edilen sonuglar
literatiir ile karsilastirildiginda maksimum hata oraninin yaklasik %1.1 oldugu belirlenmistir. Kompresérden
¢ekilen tahliye havast miktar1 artttkca motorun performansinin ve ¢ikis basincinin diistiigi, 6zgil yakit
tiikketiminin ise arttig1 goériilmiistiir.
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GIRiS

Turbojet motorunun hava aligindan motor i¢ine alinan hava kompresorde sikistirilir ve buna bagl
olarak da 1siir. Sicak ve basingli hava yanma odasina geldiginde yakit piskiirtiilerek yakilir ve tiirbine
gonderilir. Hava tiirbinde genisletilir ve liile vasitasiyla atmosfere atilir. Boylece itki elde edilir (Rolls-
Royce Ltd., 2005). Motorun kompresor boliimiinden pnomatik, hidrolik ve ¢evresel kontrol sistemlerinde
kullanilmak icin hava ¢ekilir. Cekilen hava motordan disar atilarak kullaniliyorsa “tahliye havasi”, motor
icinde yanma odasini atlayarak tiirbinde sirkiilasyona giriyorsa “sogutma havasi1” olarak adlandirilir.
Kompresorden ¢ekilen hava itki kuvvetinin azalmasi ve 6zgiil yakit tiiketiminin artmasi basta olmak tizere
cesitli performans diisiislerine neden olmaktadir. Buna ragmen bu havanin ¢ekilmesi motor icin
vazgegilmezdir (Bin vd., 2011). Literatiir incelendiginde tahliye havasinin performans tizerindeki etkisini
incelemenin iki ana yontemi oldugu goriilmektedir. Bunlar kisaca kompresorleri blme yontemi ve tiim
havanin kompresoér c¢ikisindan cekilidigi varsayimidir. Kompresorleri bolme yonteminde tahliye
havasinin ¢ekildigi kompresor kademesinden itibaren kompresor yapay olarak ikiye ayrilir. Bu
yaklagimda birden fazla kompresor arka arkaya yerlestirilmis gibi hesaplama yapilir. Hesaplamalarda
ondeki kompresoriin ¢ikisi, takip eden kompresoriin girigi olarak alinir, ve tahliye havasi iki kompresoriin
arasindan cekilir. Tim havanin kompresor ¢ikisindan c¢ekilmesine dayanan varsayim metodunda ise
tahliye havasinin ¢ekildigi kademenin etkileri ihmal edilir ve sistemde bulunan tek kompresor gikisindan
tiim hava tahliye edilir. Bu iki yontem birbiriyle karsilastirildiginda kompresorleri bolme yontemi ile daha
dogru sonuglar elde edildigi goriilmustir (Hackney vd., 2020).

Bu ¢alismada, standart bir turbojet motorunun kompresoriinden gekilen tahliye havasi miktarina
bagl olarak itki, dzgiil yakit tiikketimi ve jet ¢ikis basinci analitik olarak incelenecektir. incelemeler hem
kompresorleri bolme yontemiyle hem de tiim havanin kompresor ¢ikisindan ¢ekildigi varsayimina
dayanan yontemle gerceklestirilecektir. Buna ek olarak MATLAB kullanilarak analitik hesaplamalarin
kolayca gergeklestirilip sonuglarin hizlica incelenmesine olanak saglayacak bir arayiiz tasarlanacaktir. Bu
arayiiz vasitasiyla da her iki yontemle elde edilebilecek sonuglar kullaniciya sunulacaktir. Olusturulacak
bu hesaplama araci sayesinde kullanici, belirledigi tahliye havasi miktarinin ilgili performans ¢iktilarina
etkisini kolayca inceleyebilecektir.

LITERATUR TARAMASI

Tahliye havasinin turbojet motorlarin performansina etkisi izerine yapilan ¢aligmalarda kullanilan
yontemler incelendiginde termodinamigin 1. yasasindan yola ¢ikilarak gerceklestirilen ekserji analizleri
one ¢ikmaktadir (Balli & Caliskan, 2021; Bin vd., 2011.; Ekici vd., 2017; Sohret & Karakog, 2014; Yadav
vd., 2005). Ekserji ayn1 zamanda bir enerji oldugundan, temelde bu yontem kontrol hacminde enerji ve
ekserji korunumuna dayanmaktadir. Bin vd., (2011) ¢alismalar1 sonucunda uygun tahliye havasi debisi
kullanilip hem kompresor ¢ikisinda toplam basing orant hem de verim ayni anda arttirilabilirse tahliye
havasinin motor performansi iizerindeki olumsuz etkisinin ortadan kaldirilabilecegini gdstermistir.
Ayrica, kompresor basing oraninda ve veriminde iyilestirme yapilarak hava tahliye sistemi
kullanilabilirse hem kompresor hem de motor performansinin gelistirilebilecegini vurgulamistir.

Tahliye havasinin performansa etkisinin incelendigi diger bir yontem ise, Enalou vd.,( 2017) ve
Rahman & Whidborne, (2008) tarafindan kullanilan bilesenler arast hacim yontemidir. Bu yontem zamana
bagli sistemlerin ¢aligmasi1 sirasinda gergcek¢i sonuglar vermesinden dolayr motorun farkh
konumlarindaki basing orani degisikliklerini hesaplamak i¢in kullanilir. Gaz yasalari bu yontemde dnemli
bir rol oynamaktadir (Saravanamuttoo, 2017). El-Sayed vd (2017) calismalarinda yiiksek baypas oranina
sahip bir turbofan motorun soguk bolimlerinin performansini ve tasarim noktast se¢imini sunmustur.
Kalkis ve seyir kosullarinda gegerli olan performans analizi icin MATLAB kullanilmistir. Sonug olarak
tiirbin giris sicakligmmin artmasiyla itki kuvvetinin arttigi, toplam basing oraninin artmasiyla termal
verimin diistiigii ve bypass oraninin artmasiyla 6zgiil itkinin diistiigli gozlemlenmistir.

ASREL



Tahliye Havasinin Turbojet Performansina Etkisi

Klein & Abeykoon (2015) calismalarinda, MATLAB Simulink kullanarak turbojet motorunun teorik
ve hesaplamali modellemesini yapmislar ve modellemelerini GasTurb programinda 6zgiil yakit tiikketimi
ve net itki degerlerini kullanarak valide etmislerdir. 500 ve 10000 m irtifa i¢in atmosfer kosullar1 dikkate
alinarak yapilan ¢alismada, modellemenin GasTurb ile uyumlu sonuglar verdigi belirlenmistir.

Bakalis & Stamatis (2012) ise calismalarinda AMT Olympus turbojet motoru igin uyarlamali
performans simiilasyon modeli gelistirirken yasanan sorunlar1 ve verilen ¢oziimleri incelemistir.
Calismanin sonunda, tiirbin ¢ikisinda toplam basing yerine statik basinglarla degerlerin kalibre edildigi
bir model 6nermisler ve bu model kullanildiginda hesaplanan parametreler ve tiirbin verimliligi agisindan
makul degerler elde edildigini gostermislerdir. Bagka bir simiilasyon ¢alismasi Enalou vd (2017)’ne aittir.
Bu c¢alismada sunduklari modeli MATLAB Simulink'te uygulamis ve deneysel sonuglarla
dogrulamiglardir. Rahman & Whidborne (2008) ise degisken motor tahliye havasinin tek saftli bir turbojet
motorunun performansi lizerindeki etkisini arastirmak igin gergek zamanli bir simiilasyon modeli
gelistirmistir. Simiilasyonlarini AMT Olympus tek saftli turbojet motorunun deneysel verileriyle
dogrulamiglardir. Sonug olarak simiilasyon ve deneysel verilerin uyumlu oldugu tespit edilmistir.

Khalil vd. (2013), itki 6zgiil yakit tiikketimi parametresinin motor performansi tizerindeki etkisini
farkli parametrelerle ortaya koymustur. Bahsedilen ¢alismada turbofan performansi, tahliye havasinin
tirbine geri dondigi ve donmedigi durumlar igin karsilastirilmistir. Ayrica yiiksek basingh
kompresorden ¢ekilen havanin motor performansi tizerindeki etkisi de incelenmistir. Kowalski & Kotlarz
(2020) ise ¢alismalarinda baypassli bir turbojet motorunda sizdirma havasinin kullanimini ve bu havanin
tirbinde karistirilmasini incelemis ve bu iki durumu bir turbofan motoru ile karsilagtirmistir. Ayrica hava
tahliyesi ve tiirbin beslemesinin birim itki ve birim gii¢ tiiketimi tizerindeki etkisini incelemistir. Achmus
vd (2020), tahliye havasinin kompresorde rotor veya statordan sonra ¢ekildigi durumlari karsilagtirarak,
tahliye geometrisinin aerodinamik davranisini ve bunun dénen bir sistemdeki 1,5 kademeli yiiksek
basincli eksenel kompresor ile etkilesimini incelemistir.

YONTEM
Analitik Model

Bu ¢aligmada analitik modele dayanan bir arayiiz gelistirilecek, ve bu arayiiz kullanilarak tahliye
havasinin motor performansina etkisi farkli parametreler acisindan incelenecektir. Literatiir
incelendiginde bu parametrelerin hesaplanmasinda farkli kaynaklarin baz alindigi goriilmektedir. Bu
calismada literatiirde de ana kaynaklardan biri olarak kullanilan Walsh ve Fletcher (1998)'in calismasinda
verilen bilesenler arast hacim yontemi denklemleri kullanilmistir. Olusturulan arayiiz ile performans
tizerinde 6nemli etkisi olan itki (Denklem 1), 6zgiil yakit tiiketimi (Denklem 2) ve jet ¢ikis basinci igin
inceleme yapilabilir.

Fyer = meVp —moVp + A, (P = F) (1)

) i
OYT = )
FNET

Bu calismanin temelinde olan bu iki denklem, komponentler arasi iligkilerin hesaba katilarak
hesaplanmasinda ve performans analizlerinin yapilmasinda kullanilan iki 6nemli denklemdir.

Arayiiz Calismalari

Daha 6nce bahsedildigi gibi, MATLAB yazilimi1 kullanilarak gelistirilen arayiizde kullanicinin
belirleyecegi sartlara gore tahliye havasinin motor performansina etkisi analitik olarak hesaplanacak,
istenilen istasyonda hesaplanan degerler arayiiz iizerinde kullaniciya sunulacaktir. Ornek arayiiz Sekil
1’de gosterilmistir. Genel hatlariyla arayiiziin sol tarafinda grafiksel inceleme imkani1 ve sag tarafinda
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komponent diizeyinde inceleme imkani1 bulunmaktadir. Kullanicinin belirlemesi istenen parametreler orta
kisimdan arayiize girilir. Arayiizde kullanict hesaplama yontemi se¢imini de yapabilmektedir... Sekil 1°de
verilen arayiiz ekrani tiim tahliye havasinin kompresor ¢ikisindan ¢ekildigi varsayimina dayanan yonteme
aittir. Sol tarafta bulunan grafiksel inceleme segeneginde kullanciya tii¢ farkli sonug¢ grafigi
sunulabilmektedir. Bunlar; "tahliye havasi-itki”, “tahliye havasi- jet ¢ikis basinc1”, ve “tahliye havasi-
Ozgiil yakat tiikketimi” iliskileridir. Sag tarafta bulunan komponent diizeyinde inceleme segeneginde ise
kullanict komponentlere ait tuslar1 segerek istedigi istasyondaki ilgili analitik hesaplama sonuglarina
erisebilir. Bu bolgede ayrica kisaltma ve sembollerin aciklamalarina yer verilmistir.

OPTION 1: Use for plotting without details OPTION 2: Use for details section by section

Bleed mass flow ratio
1 Customer bleed air

Intake
0.8

Compressor

06 Combustor

Turbine
0.4

Jet pipe
0.2
Nozzle

Other calculation

Asf = Efiiciency Area
| i |

Ageo = Geometric Area

Dm = Momentum Drag
FAR = Fuel to Air Ratio

,,,,,,,,,,,,,,,,,,,,,,,,,, o n  =Eficiency

P =Pressure

Bleed air vs Thrust :‘é‘é = F‘SDWE'ﬁ ool =
= Specific Fuel Gonsumption
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Bleed air vs SFC Ty = Gross Thrust
Save Tnet = Net Thrust

Tsnet = Specific Net Thrust

v = Velocity

w = Air Mass Flow

. W = Fuel Mass Flow
Exit Reset

Sekil 1. Tasarlanan Arayiiz Ekrani

Arayliziin ¢alisma mantig1 ise su sekilde aciklanabilir; arayiizde oncelikle kullanicidan tahliye
havasinin hangi analitik yontemle incelenmek istendiginin bilgisi alinmaktadir. Kullanic1 oncelikle
kompresorleri bolme veya tiim havanin kompresor ¢ikisindan ¢ekildigi varsayimi yontemlerinden birini
se¢mektedir. Daha sonra kullanicidan Mach sayisi, irtifa ve kompresor sikistirma orani parametrelerini
girmesi beklenmektedir. Girilen degerlere gore arka planda analitik hesaplamalar anlik olarak yapilir ve
sonuglar arayiiziin solundaki ilgili boliimde grafiksel olarak gosterilir. istenirse elde edilen grafik daha
sonra kullanmak amaciyla kaydedilebilir. Grafigin alt tarafina konumlandirilan kaydirma g¢ubugu
vasitasiyla tahliye havasi yiizdesi degistirilerek farkli degerler igin grafikler yeniden ¢izdirilebilir. Ancak
komponent diizeyinde inceleme yapmak istendiginde (arayiiziin sag bolgesinde gosterilmektedir), ilgili
hesaplamalar tek bir tahliye havasi ¢cekilme yiizdesi noktasinda yapildigindan, kullanicinin tahliye havasi
ylizdesini de ayrica belirlemesi beklenmektedir. Arayiiziin arka planinda tiim hesaplama adimlari
tutulmaktadir, kullanici detaymi goérmek istedigi komponent hakkinda bu sayede kolaylikla bilgi
edinebilmektedir.

Her analitik modelde oldugu gibi, turbojet motorunun analitik olarak modellenmesinde de bazi
kabiillerin yapilmast gerekmektedir. Bu calisma kapsaminda yapilan literatiir arastirmasi sonucunda
benzer ¢alismalarda yapilan kabiiller incelenmis, uygun goriilenler adapte edilerek kullanilmigtir (Balli
& Caliskan, 2021; Bin et al., 2011; S6hret & Karakog, 2014; Kowalski & Kotlarz, 2020; Walsh & Fletcher,
1998). Bu ¢alisma boyunca kullanilan kabiiller asagida 6zetlenmistir:

- Hava ideal gaz ve akis tek boyutludur.

- Zamandan bagimsiz siirekli bir sistemdir.
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- Akis izentropiktir.

- Irtifa analiz boyunca sabittir.

- Tasarim verileri basing ve verimlilikle kalibre edilir.
- Havanin kiitlesel debisi toplam 100 kg/s’dir.

- Yanma odasi girig sicakligi 1400 K’dir.

- Yakit alt 1s1 degeri 43100 kJ/kg’dur.

- Ogzgiil 1s1 degeri, gaz sabiti ve 1s1 kapasitesi oran1 sabittir. (Soguk kisim igin 6zgiil 1s1 degeri
1.005 kJ/kg, 1s1 kapasitesi oran1 1.4 ve sicak kisim igin 6zgiil 1s1 degeri 1.15 kJ/kg, 1s1 kapasitesi
orani 1.333’tiir. Gaz sabiti 287.15 J/kgK’dir.)

- Komponentlerin politropik verimlilikleri sabittir; kompresor i¢in 0.88, yanma odas1 i¢in 0.99
tiirbin i¢in 0.89 ve saft i¢in kullanilan mekanik verim 0.995 kabul edilmistir.

- Basing diisiisleri sabittir; hava aliginda %0.5, compresor ¢ikisinda %2, yanma odasinda %3 ve
jet borusunda %1 basing diisiisii oldugu kabul edilmistir.

- Liilede i¢in desarj ve itki katsayilar1 sirastyla 0.97 ve 0.99 kabul edilmistir.
SONUCLAR

Arayiiz kullanilarak yapilan analitik hesaplamalarin dogrulanmasi amaciyla 0.8 Mach hiz, 11000
m irtifa ve kompresor basing oraninin 25 oldugu bir turbojet motorunun tahliye havasi olmadigi durum
icin sonuglar elde edilmis ve literatiirle (Walsh & Fletcher, 1998) karsilastirilmistir. Tahliye havasinin
olmadig1 durumda elde edilen sonuglar her iki metot i¢in de hem bu ¢alismada hem de literatiirde aynidir.
Sonuglar arasindaki farklar Tablo 1’de verilmistir. Bu tabloya gére maximum fark yaklasik %1.1’dir. Bu
degerden yola ¢ikilarak hesaplamalarda kullanilan model ve kabiillerin oldukga diisiik bir hata ile dogru
sonug verdigi ve gilivenilir oldugu sdylenebilir.

Tablo 1. Analitik Sonuglar

Parametre Walsh ve Sonug Fark [%]
Fletcher (1998)

Trompresor 695.1 K 694.94 K 0.023
Ttiirbin 10105 K 1011.66 K 0.115
Prompressr 857.5 kPa 858.16 kPa 0.077
Pyanma odas: 815.1 kPa 815.77 kPa 0.082
Ptiirbin 187.8 kPa 188.91 kPa 0.591
Yakit-hava orani 0.0188 0.019 1.063
Ozgiil Yakait iiketimi 0.0992 kg/Nh 0.10 kg/Nh 0.806
Itki 68238 N 68746.44 N 0.745

Kompresorden cekilen tahliye havasi motor iizerinde daha donce bahsedilen etkilere sahiptir. Daha
once yapilan ¢aligmalarda tahliye havasinin tiirbin giris sicakligin1 ve 6zgiil yakit tiikketimini artirdigi,
Ozgiil itkiyi ise disiirdigli gosterilmistir (Bin vd., 2011.; Kowalski & Kotlarz, 2020). Bu ¢aligmada da
tahliye havasi miktarina bagl olarak itki, 6zgii yakit tiikketimi ve jet ¢ikis basinci parametrelerinin nasil
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etkilendigi incelenmistir.

Sekil 2’de tahliye havasinin itkiyle iligkisi goriilmektedir. Turbojet motordan ¢ekilen tahliye havasi
orani arttik¢a itki dismektedir. Bu diistis lineerdir. Metot 1 (tiim havanin kompresor ¢ikisindan ¢ekilmesi
yontemi) i¢in itki degerleri incelendiginde yaklagik %27 tahliye havasi oranindaki itki degerlerinin tahliye
havasi olmayan durumdaki degerlerin yarisina distigi goriilmektedir. Metot 2 (kompresorleri bolme
yontemi) ile inceleme yapildiginda ise yaklasik %25 tahliye havasi oranindaki itki degerlerinin tahliye
havasi olmayan durumdaki degerlerin yarisina diistiigii goriilmektedir. Ancak her iki metot arasindaki itki
degerleri fark: tahliye havasi orani arttikga artmaktadir. Yaklagik %43 tahliye havasi oraninda bu farkin
yaklasik %27 civarinda oldugu goriilmektedir...

4
75;10 . :
&
$® O Metot 1
dﬁ%@ﬁ *  Metot 2
6 353535 1
éééé*
*
Oog**
5 OF % ]
Ol %
oo**
oo***
= O~ T%
Z O~ "%
4 O %, |
= Op Fx*
= OO *ek
*
0] *
Og " *x
3 OO *** i
Oo. i
O *
O *
@]
e
2 OO B
1 | ! | | ! | ! !
0 5 10 15 20 25 30 35 40 45

Tahliye havasi orani [%]

Sekil 2. Tahliye havasi-itki iliskisi

Sekil 3°te tahliye havasinin jet ¢ikis basinciyla iliskisi verilmistir. Goriildiigii gibi ¢ekilen tahliye
havasi orani arttik¢a ¢ikis basinct hizlanarak diismektedir. Sekil 2 ile birlikte degerlendirildiginde tahliye
havasinin artisiyla birlikte itkide dogrusal bir diisiis goriilmektedir, ancak jet ¢ikis basincinda meydana
gelen diisiis dogrusal degildir. Jet ¢ikis basinci i¢i Metot 1 i¢in yapilan incelemelerde yaklasik %25 tahliye
havasi oranindaki degerlerin tahliye havasi olmayan durumdaki degerin %40’1na, %43 tahliye havasi
oraninda ise tahliye havasi olmayan durumdaki degerin yaklasik %70’ine distiigli goriilmektedir... Metot
2 icin yapilan incelemelerde ise ¢ikis basincindaki diisiisiin Metot 1’e gore daha yavas oldugu
gorilmektedir.
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Sekil 3. Tahliye havas:- jet ¢ikis basinci iliskisi

Ozgiil yakit tiiketimi, tasarimlarda minimum diizeyde tutulmasi gereken en 6nemli performans
parametrelerinden biridir (Tunger & I¢ke, 2016, Khalil vd., 2013). Sekil 4’te tahliye havasimin 6zgiil yakit
tilketimiyle iliskisi goriilmektedir. Tahliye havasi orani arttikca 6zgiil yakit tiiketimi {iistel sekilde
artmaktadir. Metot 1 kullanildiginda tahliye havasi oraninin yaklasik %20 oldugu durumda 6zgiil yakit
tiiketimi %20 artmaktadir. Ancak turbojet motordan ¢ekilen tahliye havasi oran1 %40’a ¢iktiginda 6zgiil
yakit tiikketimi biiyiik bir artis gostererek tahliye havasinin olmadigi durumdan %80 daha yiiksek bir
degere ulagmaktadir. Metot 2 kullanilarak yapilan incelemelerde 6zgiil yakit tiiketimindeki artis miktar1
Metot 1’e gore daha diisiiktiir. Ornegin Metot 2 ile yapilan hesaplamalarda 6zgiil yakit tiiketimindeki
%20 artis tahliye havasi oraninin yaklasik %27 oldugu durumda meydana gelir. Benzer sekilde ¢ekilen
tahliye havasi oran1 %40’a ¢iktiginda 6zgiil yakit tikketimindeki artis sadece %44 kadardir.
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Sekil 4. Tahliye havasi- 6zgiil yakit tiiketimi iligkisi

Hava lilleye vardiginda atmosfere karigtirilmak i¢in ugrayacagi son istasyona gelmistir. Liile ¢ikis1
havanin motordan ¢ikarak atmosfere karistigi noktadir. Liile ¢ikis alani da havanin atmosfere atilirken
¢ikis hizini etkileyen bir parametredir. Turbojet motordan tahliye havasi ¢ekilmesi itki {izerinde etkili
olan efektif liile alanin1 da etkilemektedir. Metot 1 kullanilarak elde edilen sonuglar ile ¢izilen Sekil 5°te
goriildigi gibi yaklasik %13 tahliye havasi oranina kadar alanda daraltma yapilabilir. Ancak %13 tahliye
havas1 orani agildiginda istenen itkiyi saglamak i¢in gereken liile ¢ikis1 alani1 hizli bir sekilde artmaktadir.
Alanin biiylimesi buradan gecen havanin genislemesinden dolay1 basmcin ve sicakliginin diismesine
sebep olur. Bunun sonucunda da daha az itki tiretilmis olur.
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Sekil 5. Tahliye havasi- liile ¢ikis alant iliskisi

En son olarak, daha once bahsedilen iki farkli hesaplama metoduyla elde edilen sonuglarin
karsilagtirmasi yapilmistir. Sekil 6’da siyah ¢izgi ile belirtilen hata miktar1 bu ¢alismada baz alinan
motorun her iki yontemle farkli tahliye havasi oranlarinda elde edilen sonuglari arasindaki farki
gostermektedir. Goriildiigli gibi tahliye havasi orani arttikga yontemler arasindaki farklar atmaktadir.
Ornegin tahliye havas1 oran1 %2 iken fark %0.7 civarindayken, tahliye havasi oran1 %8’e ¢iktiginda bu
fark %2.6 civarina ¢ikmaktadir. Sekil 6’da goriilen mavi ¢izgi ise literatiirde (Hackney vd., 2020) benzer
bir motor kullanilarak iki metodun karsilastirmasindan elde edilen degerleri gostermektedir. Literatiir ile
mevcut calisma karsilastirildiginda tiim tahliye havasi oranlari i¢in yontemler arasinda literatiirde
bildirilen diger analizlerdeki sonuglardan daha diisiik farklar elde edildigi goriilmektedir.
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TARTISMA

Turbojet motorlardan tahliye havasi c¢ekilmesi motor performansini olumsuz etkilese de
ucaklardaki diger sistemlerde kullanilmak tizere bu havanin motordan ¢ekilmesi gerekmektedir (Bin vd.,
2011). Bu sebeple tahliye havasinin sistemden g¢ekilme konumu ve miktar1 optimize edilmelidir. Bu
calismada iki farkli analitik metot kullanilarak motordan ¢ekilen tahliye havasinin farkli degerleri igin
itki, jet ¢cikis basinci ve 6zgiil yakit tiikketimi hesaplanmistir. MATLAB ortaminda olusturulan arayiiz ile
hesaplama sonuglar1 grafiksel ve parametresel olarak sunulmustur. Parametresel incelemeler komponent
diizeyinde tek bir tahliye havasinda yapilirken grafiksel incelemeler farkli tahliye havasi oranlarinda daha
genel olarak yapilir.

Caligmanin sonucunda, bu c¢alismada elde edilen sonuglarin literatiirle farkinin maksimum %]1.1
oldugu gorilmektedir. Ayrica segilen yonteme bagli olarak meydana gelecek hata oraninin literatiirden
daha iyi diizeyde oldugu gozlemlenmistir. Buna ek olarak, yontemler arasindaki farkin tahliye havasinin
ylizdesel degeri arttik¢a arttigi goriilmiistiir. Bu ¢alisma gelecekte havacilikta kullanilan diger turbofan,
turbosaft ve turboprop motorlar i¢in de uyarlanabilir.
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Makale Bilgileri 0z

Makale Ge¢misi Benzetim araglar1 gercek bir sistemin iiretimi ve/veya yonetimi 6ncesinde biiyiik maliyetleri 6nlemek, hizli
Gelis: 31/05/2022 prototipleme ile AR-GE ¢alismasi gerceklestirmek, farkli senaryolarda sinirsiz test imkani saglamak gibi bir
Kabul: 26/06/2022 ¢ok avantaji kullanicisina sunmaktadir. Bu ¢alismada MATLAB/Simulink benzetim ortami kullanilarak ugus
Yaymn: 30/06/2022 mekanigi kapsaminda, Istanbul’dan Kahire’ye bir ugusun planlamasi yapilmistir. Ugus planina dair

hesaplamalardan 6nce Euler’in diferansiyel denklem ¢6ziicii metodundan (odel) ve benzetim aracindaki
kullanimindan bahsedilmisdir. Ardindan ugagin degiskenlerinden (X ve Y eksenlerindeki yatay konum,
irtifa, gergek hava hizi, bas acisi, ucagin kiitlesi), kontrol isaretlerinden (motor itkisi, yalpa agisi, ugus yolu
agis1), hava trafigi kurallarindan ve gercek bir ugagin rotasindan bahsedilerek benzetim aracinin kullanim

Anahtar Kelimeler:

Ugus Mekanigi, kapsami ortaya konmustur. Calismanin kapsami belirtildikten sonra Istanbul Havalimanindan (IST) Kahire
Ugus Performansi Havalimanina (CAI) gercek bir Boeing 737-700 ucaginin ucak performansi operasyonel verileri kullanilarak
Ugus Planlama ucus rotasi ve bu rotadaki kalkis, tirmanma, seyir ugusu, donme, inis gibi hareket degisimleri belirtilmistir.
Simulink, Tiim ugusun benzetimi asamasinda Eurocontrol Experimental Centre’in BADA (Base of Aircraft Data)
MATLAB. projesi kapsaminda yayimladigi hesaplamalara dayanarak ucagin degiskenleri, 3 boyutta rotasi, yataydaki

hiz, yakit tiikketimi, ugagin rotasinin degisimi vb. gibi veriler gorsellestirilerek yorumlanmistir. Ugagin seyir
ugusunda hizin 240 m/s civarinda, itkinin 30 kN civarinda, yakit tiikketiminin gercekteki ugagin yakit
kapasitesine uygun olarak ve genel C,/Cp oraninin literatiire uygun elde edilmesi benzetim ortaminin gergek
testler 6ncesi modellemede uygun oldugunu ortaya koymustur. Son kisimda ise elde edilen sonuglar ile
birlikte benzetim araglarinin ugus mekanigi 6zelinde sagladig: faydalardan bahsedilmistir.

Using MATLAB/Simulink in Flight Mechanics Calculations: An Example of
Flight Planning from Istanbul to Cairo

Article Info ABSTRACT

Artic_:le History Simulation tools offer many advantages to their users, such as avoiding large costs before the production
Received: 31/05/2022  and/or management of a real system, performing R&D work with rapid prototyping, and providing unlimited
Accepted: 26/06/2022 testing in different scenarios. In this study, a flight from Istanbul to Cairo was planned within the scope of
Published: 30/06/2022 flight mechanics using the MATLAB/Simulink simulation environment. Before the calculations of the flight
plan, Euler's differential equation solver method (odel) and its use in the simulation tool are mentioned. Then,
by talking about the variables of the aircraft (horizontal position on the X and Y axes, altitude, true airspeed,

Keywords: head angle, mass of the aircraft), control signals (engine thrust, yaw angle, flight path angle), air traffic rules
. . and the route of a real aircraft, the simulation tool will be used. Scope is revealed. After specifying the scope

Flight Mechanics, of the study, the flight route and movement changes such as takeoff, climb, cruise flight, turn, and landing on

Flight Performance, this route are indicated by using the aircraft performance operational data of a real Boeing 737-700 aircraft

Flight Planning, from Istanbul Airport (IST) to Cairo Airport (CAI). During the simulation phase of the entire flight, the

Simulink, variables, 3D route, horizontal velocity, fuel consumption, change of the aircraft's route etc. data such as

MATLAB visualization and interpretation. In the last part, together with the results obtained, the benefits of simulation

' tools in flight mechanics are mentioned.
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Ugus Mekanigi Hesaplamalarinda MATLAB/Simulink Kullanimi: istanbul’dan Kahire’ye Ucus Planlamasi Ornegi

GIRIS (INTRODUCTION)

Bilgi iiretme hiz1 ve buna eslik eden teknolojik ilerleme giiniimiizde yeni bir anlam kazanmistir.
Teknolojinin bu denli hizli gelisimi farkl1 sektdrlerde birgok inovasyona yol agmistir. inovasyon artisi ile
birlikte amag sadece son kullaniciya {iriin teslim etmek degil, teslim edilen {iriiniin ileri seviyede AR-GE
calismalariyla eniyilenmis sekilde de teslim etmek olmustur. AR-GE calismalarinda karsilasilan en
onemli sorun, arastirmalarin ve arastirilan unsurlarin test edilmesi siirecinin uzun siirebilmesi ile birlikte
bu testlerin maliyetidir (Iltas ve Bulut, 2017). Bu sebeple, hem test maliyetini diisiirdiigii icin hem de
daha kisa siirede daha fazla test yapilmasina olanak sagladigi icin benzetim araglarinin 6nemi artmigtir
(Karadagli ve Culha, 2014). Simiilasyon araglar1 AR-GE caligmalarinin yani sira egitimde de siklikla
kullanilmaktadir. Deneylerin daha giivenli, diisiik maliyetli ve hizli yapilmasi (Sezer ve Orgun, 2017),
proje calismalar1 icin veri toplanmasi, bitirme tezlerinin simiile edilmesi gibi c¢alismalarda
kullanilabilmektedir.

Benzetim temelli calismalar AR-GE ¢alismalarinin énemi ortaya ¢ikartarak arastirma siireglerini
kisaltmak ve maliyeti azaltmakla beraber daha hizli prototipleme olanagi da saglamaktadir. Bu ¢alismada,
MATLAB® firiin ailesine ait benzetim uygulamalariin kullanildig: ¢esitli sektorlerde gerceklestirilmis
matematiksel hesaplara, fiziksel modellenmelere, kontrole ve benzeri birgok 6rnege deginilerek ugus
mekanigi ¢alismasi kapsaminda Istanbul’dan Kahireye gergekte yapilan bir ugusun benzetim ortaminda
analizi yapilmistir. MATLAB® iiriin ailesinin kullanildig: sektorlere ve konulara deginilecek olunursa;
tip ve fizyoterapi alaninda Duman (2008), diz iistii protezlerde gercekgei yiirliyiise benzer dinamik protezin
ayarlanmasi i¢in kullanilan yiiriiylis hareketini modelleyen dinamik denklemlerin modellenmesi ve
¢oziimlenmesinde MATLAB®/Simulink kontrol sistem toolbox altinda yer alan Fuzzy Logic Toolbox,
Control System Toolbox ve Model Linearizer uygulamasint kullanmistir. Elektrik dagitim sektoriinde
Dursun (2006), Simscape FElectrical bloklarim1 kullanarak ve kendi blogunu olusturarak farkli yiik
aktarimlar1 neticesinde gozlenen akim-gerilim degisimleri, kisa devre akimlar1 ve gerilim diisiimlerini
analiz etmistir. Kandemir (2006) ise ¢alismasinda, vinglerde salinimlari en aza indirmek i¢in tasarlanan
iki farkli kontrolciiniin algoritmasini kurmada ve salimim hesaplarinda kullanilacak denklemlerin
hesaplarinda MATLAB arayiiziinden ve Control System Toolboxtan yararlanmistir. Denizcilik
sektoriinde Avinal (2000), gemi {izerindeki ekipmanlarin ¢ift siniisoidal sok yiiklemesine verecegi yanitin
tahmin edilmesi ilizerine yaptig1 ¢alismada MATLAB®/Simulink kullanmistir. Bektas (2019), riizgar
tiirbin sisteminin matematiksel modelinin elde edilmesi ve riizgar enerjisi doniisiim sistemi yontemlerinin
veriminin hesaplanmasinda Control System Toolboxtan ve Motor Control Blocksetin sagladigi Clarke
and Park Transforms modiiliinden faydalanarak kendi kiitiiphanesini olsuturmustur. Aladag (2017)
Simscape Electrical’da bulunan Photovoltaic solar cell blogunu kullanarak monokristal bir yapida olan
PV panelin matematiksel modelini olusturmustur ve degisken hava parametrelerine gore elektriksel
performansinin analizini yapmistir. Calisir (2015), MATLAB® /Simulink ile alt1 serbestlik derecesine
sahip bir hava aracini modellemistir. PID tabanli bulanik kontroller ve dogrusal olmayan sistem lizerinden
verileri Fuzzy Logic Toolbox yardimiyla isleyerek Global Optimization Toolboxta yer alan Genetic
Algorithm kullanarak PID kontrolcii performansi optimize edilmistir. Yine ortam modellemesinde
Aerospace Blocksette yer alan riizgar modeli, kontrolcii tasariminda ve analizinde Control System
Toolbox ve Simulink Control Design kullanmistir. Mekanizma analizi konusunda ise Kiling (2010),
MATLAB®/Simulink’te kendi bloklarimi olusturarak gerekli Lagrange hesaplamalar ile elastik ve rijit
dort gubuklu mekanizmalarin verimliligini incelemistir.

IHA’lara algoritma gelistirilmesi, ugus senaryolarmin simiile edilmesi, iletisim protokollerinin
incelenmesi ve ugus bilgilerinin analizi gibi konularda Simulink kiitiiphanesinde yer alan UAV Toolbox
arastirmacilara bir ¢ok konuda kolaylik saglamaktadir (Mathworks, 2021). Ornegin Mathworks un (2022)
yayinladig1 calismada UAV Toolbox’1n sagladigit UAV Package Delivery uygulamasi yardimiyla kiigiik
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bir multikopterin otonom sekilde, sehir ortaminda kalkis, ugus ve inme asamalarindan olusan ugusu i¢in
algoritma gelistirilerek veri analizi yapilmistir. Yine Mathworks’un (2022) sagladigt UAV Scenario
uygulamas1 yardimiyla ii¢ boyutlu bir ortamda statik aglar, IHA platformlar1 ve sensorlerden olusan bir
simiilasyon senaryosu olusturulmustur. UAV Toolbox’ta bulunan Flight Log Analyzer uygulamasi ise
UAV kullanicilarinin ve gelistiricilerinin sistem performanslarini test etmelerine yardimci olmasi igin
olusturulmustur (Mathworks, 2022). Ugus analizlerini dogru sekilde yapabilmek i¢in uygun koordinat
sistemlerinin tanimlanmasinda ve koordinat sistemleri arasi doniisiimlerin yapilmasinda MATLAB®
aktif olarak kullanilmaktadir (Mathworks, 2022). Analiz esnasinda ihtiya¢ duyulan parametreler de
tanimlanip hesaplanabilmektedir (Mathworks, 2022). Yine ucus analizlerinde ¢6zlilmesi gereken {i¢ ve
alt1 serbestlik dereceli denklemler de MATLAB® ’in sagladigi agiklamalar takip edilerek uygun bloklar
ile dogrudan simiile edilebilmektedir (Mathworks, 2022). Bahsedilen analizlerde kullanilacak olan
atmosfer modelindeki sicaklik, basing, hava yogunlugu vb. degiskenlerinin hesaplanmasinda ise ISA
Atmosphere Model blogu kullanilabilir (Mathworks, 2022). Simulink’in bir baska kullanim 6rnegini
olarak ucak parametrelerinin bloklar seklinde modellenmesinden bahsedilebilir. Ornegin NASA nin
gelecegin tasimacilik ve ulastirma problemlerine yonelik tasarladigi HL-20 personel firlatma sisteminin
kaldirici govdesi ve kontrolorii HL-20 with Flight Instrumentation Blocks adiyla modellenmistir
(Mathworks, 2022). Bu modelleme sayesinde hava aracinin tagidig1 obje ve firlatacagi yoriinge dikkate
alinarak hangi girdilerin verilmesi gerektigi hesaplanabilmektedir. Ayni zamanda bu ugus parametreleri
anlik olarak takip ederken FlightGear Preconfigured 6DoF Animation uygulamasi yardimiyla tamamen
gorsellestirilebilmektedir (Mathworks, 2022). Savunma sanayinde siklikla kullanilan otonom fiizelerin
yonlendirme sistem algoritmalarinin tasarlanmasinda ve bu algoritmalarin ger¢cek zamanli nasil davranig
sergiledikleri MATLAB® Control System Toolbox ve Simulink® Control Design yardimiyla test edilip
gozlemlenebilir (Mathworks, 2022). Ucaklarda siklikla kullanilan turbofan motorunun modellemesi olan
turbofan motor sistem blogu, belirli bir gaz kelebegi konumunda, mach sayisinda ve belirli yiikseklikte
bir turbofan motorunun ve kontroldriin itme giiciinii ve yakit kiitle akis hizim1 hesaplamaktadir
(Mathworks, 2022). Havacilikta yine ¢ok 6nemli olan pilotun fiziksel davranislarini gézlemlemek i¢in de
Tustin Pilot Model blogu kullanilabilmektedir (Mathworks, 2022). Ticari aviyonik sistem yazilimlarini
standartlara uygun hale getirmek i¢in yani fazla satirlar, dongii hatalari, sifira boliinme gibi istenmeyen
unsurlar1 ortadan kaldirmak i¢in DO Qualification Kit DO-178, DO-278, ve DO-254 standartlar1 i¢in
kullanilabilmektedir (Mathworks, 2022). Sadece ugaklar i¢in degil, herhangi bir sistem i¢in yazilan
kodlarin sistem gereksinimlerini uygulamasini, uygulama modelleme standartlarini takip etmesini, 6lii
mantik, sifira bolme, tagma gibi tasarim hatalarmin olup olmadigini, uygulamanin her zaman
gereksinimleri karsiladigi  Simulink Verification and Validation uygulamasi kullanilarak test
edilebilmektedir (Mathworks, 2017).

MATLAB® iiriin ailesi hem endiistride hem akademide hem de havacilik alaninda aktif sekilde
kullanilmaktadir. Liu, X. ve Cao, Y., (2010) Rhapsody ve Simulink kullanarak IHA ugus kontrol sistemi
tasarlamiglardir. Sistemler arasindaki uygunlugu ise Simulink Coder aracindan yararlanarak
saglamiglardir. Figueiredo ve ark. (2012) ise quadricopter tipi IHA igin X-plane Plane-Maker araci
iizerinde modellemeler yaparak ucagin ¢esitli ugus kosullarinda tepkisini gézlemlemislerdir. Datalarin
islenmesinde ise Instrument Control Toolbox’tan yaralanmislardir. Ayrica gesitli kontrol ve gezinme
algoritmalarini da denemislerdir. Hopf ve ark. (2020) ¢alismalarinda 6gretim ve arastirmada kullanilmak
iizere Simulink StateFlow araci kullanarak insansiz hava araglarina dayali bir deney seti sunmustur. Bu
deney seti ucus mekanigi ve ucus kontrolil ile ilgili yapilabilecek iyilestirmeleri gézlemlemek igin
kullanilmaktadir. Yine havacilik alaninda siirii IHA sistemlerindeki haberlesme karmasikligii basite
indirgemek ve en iyi ¢6ziim algoritmalarina ulasmak ve algoritmalarin testi i¢in de Optimization Toolbox
kullanilmaktadir (Arbag, 2022). Otopilot tasarlamada da MATLAB® /Simulink kullanilabilmektedir.
Yiicel (2020) calismasinda MATLAB®’1n kullanicilari tarafindan gelistirilen Airlib kiitiiphanesinden de
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yararlanarak giirbiiz kontroliin bir ¢esidi olan kayan kipli kontrolcii kullanarak otopilot sistemi
tasarlamistir. Ayrica bu sistemi yedekleyerek, sisteme entegre edilen segmen algoritmasi ile simiilasyon
ortaminda performans analizleri yapmistir. Diindar ve ark. (2020) caligmalarinda sabit kanatli dikey
kalkis ve inis yapabilen (VTOL) insansiz hava aracinin (IHA) enerji tiikketimini igeren tasarim adimlarini
ve performans analizlerinde Simscape Electrical’da bulunan batarya modeli yardimiyla gerceklestirerek
kalkis, tirmanma, seyir ve inis asamalarinda enerji tiiketimini gdstermislerdir. Ozcan ise ¢alismasinda
(2022), F-16 Ugagmin dinamik davranisi hakkinda bilgi elde etmek igin ugagi frekans alaninda
incelenmis ve uluslararasi standartlara uygun olarak ucagin yanal ve boylamsal modlar1 dikkate alinarak
ucus kalitesi analizini MATLAB/Simulink kullanarak incelenmistir.

YONTEM (METHOD)

Gergek diinya uygulamalarinda ortaya cikan adi diferansiyel denklemlerin ¢ogu tam olarak
¢coziilemez. Bir diferansiyel denklemin dogru bir yaklasik ¢6ziimiinii elde etmek i¢in sayisal yontemler
kullanilmaktadir (Gururajan, 2022). Calismada kullanilan Euler’in yontemi belirli bir baglangi¢ degerine
sahip adi diferansiyel denklemleri (ODE'ler) ¢c6zmek i¢in birinci dereceden bir sayisal uygulamadir. Bu
yontemi kullanmak, dogruluktan biraz 6diin verir ancak hiz kazanir. Yapilan uygulamanin islem ytikii
g6z oniinde bulundurularak Euler yontemi tercih edilmistir (Chapra vd., 2015). Ornekleme zamani (ts)
0,01 saniye olarak kabul edilmistir.

Ucus mekanigi ¢aligmasi kapsaminda yapilan bu ¢alisma hem standart kod yazimina hemde gorsel
programlamaya olanak sagladigi icin hemde icerisindeki bir¢co k hazir kiitiphane ve toolbox
bulunmasindan dolayt MATLAB/Simulink programinin R2022a siiriimii kullanilmistir. Ayrica Euler’in
yontemi (odel) ve diger ¢oziiciiler Simulink’te model ayarlar1 kisminda hazir olarak bulunmaktadir.

Calismada kullanilan temel ugus verileri flightaware.com sitesinden 14 Nisan 2022 tarihli THY 690
nolu ucagin veri tabanindan elde edilmistir. Bu verilerden ugagin ne kadar siirede tirmanis, ugus ve inis
yaptig1 temel tesgil etmektedir. Ucak sensoriinden okunan veriler biiyiik miktarlarda degisim ve titresim
igerdigi i¢in irtifa verisi sadelestirilerek kullanilmistir. Ugus siireleri Tablo 1°de gdsterilmistir.

Tablo 1. Ugus Fazlarimin Saniye Cinsinden Degeri

UCUS FAZLARI SURE (sn)
Tirmanig 1097 sn
Ugus 3775 sn
Inis 1270 sn
Toplam 6142 sn

Ugus BOEING B737-700 ucagiyla yapilmaktadir. Hesaplamalar bu ucagin kiitlesi, alabilecegi
faydali yiikk miktari, yakit hacmi, bazi aerodinamik katsayilar1 gibi temel Ozellikler kullanilarak
yapilmistir. Tablo 2°de ucaga ait temel veriler verilmistir.

Tablo 2. U¢aga Ait Temel Veriler

Kiitle 70080 kg
Kanat Yiizey Alam 124,65 m?

ftki (x2) 89-116 kN
Yakit Kapasitesi 26025 L (21000 kg)
Yolcu Kapasitesi 126-149
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Sekil 1. Tiim Durumlarin ve Hesaplamalarin Modellemesini I¢eren Genel Simulink Gériiniimii

Bu calismada bir ugagin 6 durumu incelenmistir. U¢agin durum degiskenleri, yatay konum (x1 ve
x2), irtifa (x3), gercek hava hiz1 (x4), bas agis1 (x5) ve ucagin kiitlesidir (x6). Ucagin kontrol girdileri
motor itisi (ul), yatis agist (u2) ve ucus yolu acisidir (EN:flight path angle,u3). Durumlar1 hesaplamak
i¢cin Oncelikle sicaklik [K], hava basinci [P], hava yogunlugu [kg/m”"3], Ger¢ek hava hizi [knot], Kaldirma
katsayis1 C; ve siirtiinme katsayist Cp hesaplanmistir. Bu hesaplamalar yapilirken BADA Ugak Veri
Tabaninin 3.11 siirlimii referans olarak kullanilmistir.

T=T0+AT+BT'<*H (1)

Denklem (1) irtifaya bagli sicaklik hesaplama formiiliidiir. TO deniz seviyesindeki standart sicaklik, AT
sicaklik degisimi, Br<sicaklik gradyani ve H irtifadir.

T—AT ((B;iO*R))
P=P0*(T0) ' )
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Denklem (2) sicakliga dolayisiyla irtifaya bagl hava basnci formiiliidiir. Burada R evrensel gaz sabiti, po
standart hava basincidir.

p
P=zr 3)
Denklem (3) hava yogunlugunu veren formiildiir.

_ 2¥mxgo
L= p*(Vras)?+Sxcos(®) )

Denklem (4) tasima kuvvetini hesaplamak icin gerekli tasima katsayisini veren formiildiir. Bu katsayisi
kiitle (m) ve yer ¢ekimi ivmesi (g) ile dogru orantili olup hava yogunlugu (p), gercek hava hizi, kanat
ylizey alan1 ve yatis acisinin kosiniisii ile ters orantilidir.

Cp = Cpocr + Cpacr * Ct (5)

Denklem (5) siiriiklenme kuvvetinin hesaplanmasinda kullanilan siiriiklenme katsayisinin formiiliidiir.
Coocr Ve Cp2cr seyir hali igin siiriiklenme sabitleridir.

X1 = x4c05(x5)cos(uz) (6)
Xy = x4 Sin(xs) cos(usz) (7)
X3 = X4Sin(uz) ®)
X4 = _% —gsin(uz) + Z—: C))
X5 = —Msin(uz) (10)
Xg = —f (11)

Bir ugak modellenirken zamanla degismeyen dogrusal bir sistem olarak modellenir. Ancak 6zellikle uzun
mesafeli ucuslarda yakit tiikketimi hesaplamasi performans degerlendirmesi i¢in ¢ok Onemli bir
parametredir. Yakit tiiketimi nedeniyle ucagin kiitlesi siirekli azalmaktadir. x6 durumu ugaktaki kiitle
degisimini gosterir. ilgili hesaplama Denklem (11)'de verilmistir.

Temel denklemlerden sonra ugus fazina ve performansina dayali hesaplamalar bir sonraki boliimde
verilmistir.

Ucus Fazlan

Ucaklarin performansi incelenirken u¢us moduna, ortamina, bdlgesine, planina ve hava sahasina
goOre davranislar1 hesaba katilmaktadir. Genel ugus asamalari; kalkis asamasi, tirmanma agsamasi, seyir
asamasi, algalma asamasi, yaklagsma asamasi ve taksi asamasi olarak siniflandirilmaktadir. Her ugus
asamasinin belirli ugus modlar1 ve ugus gereksinimleri bulunur. Bunlardan yola ¢ikarak, herbir ugus
asamasi i¢in ugus senaryolari kurularak, ugus amaglari, goérevleri belirlenir, ugus siiregleri organize edilir.
Bu c¢alismada ugusun biiylik bir boliimiini olusturan tirmanma, seyir ugusu ve inis fazlari igin
hesaplamalar yapilmistir. Ug faz igin gereken itkinin hesabi Denklem (12-14)’te verilmistir.

0 . H
Itkltlrmanma = CTc,l * (1 - m + CTC,3 * HZ) (12)
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Itkiseyir = Crer * [tKigirmanma (13)
itkiinis = Crges * itkitlrmanma (14)

Cre1,23 tirmanma fazi igin verilen gereken itki katsayilaridir. Seyir ugusu igin itki, tanim geregi
siriiklemeye esittir. Maksimum seyir itisi, Denklem (13)’te verilen maksimum tirmanma itiginin orani
olarak hesaplanmaktadir. Denklem (14)’te bulunan Crges ise inis itme katsayisidir. Yine bu fazlar i¢in yakit
tiiketimi hesab1 Denklem (15-17)’de verilmistir. | Itmeye &zgii yakit tiiketimi katsayis1 gercek hava
hizinin bir fonksiyonu olarak verilmistir. Nominal ve seyir yakit tiiketimi itkiye bagli olarak
hesaplanmigtir. Crr seyir ugusu i¢in yakit akisi diizeltme katsayisidir.

_ Vras
n= Csy* (1 + Cr2 ) (15)
from = M * Itki (16)
fer = * Itki * Crer (17)

BULGULAR (RESULTS)

a0 —
12000 - 32 ~‘
= |
PR
10000 - 2 l
o
x 38
8000 - “ ‘
= {
L]
£ i - | | | | .
T 6000 - 285 29 .5 30 30.5 k1l 35
8 Y koordinati
x 10000,
N 4000 8000
istanbul Havalimani (IST) =
6000
2000 - £
Antalya s 4000,
ol \ Kahire Havalimani (CAl) N 2000,
40 T ~J o
— _________—r—,———_ )
¥ T~ 29 2 I T T T T T T
: 30 32 31 42 40 38 36 34 32 0
X koordinati Y koordinati X koordinati

Sekil 1. Ugagin Takip Ettigi Rota (IST-CAI)

Is1, hava yogunlugu, hava basinci, kaldirma ve siiriikleme katsayilar1 modellendikten sonra 3 eksende
konumlar, gergek hava hizi, bas acis1 ve kiitle degisimi durumlart modellenmistir. Ardindan ugus modu
algoritmas1 olusturularak itkinin ve yakit tiiketiminin modellenmesi yapilmistir. Modellemenin genel
goriiniimii Sekil 1°de gosterilmistir. Toplam benzetim 6142 saniye siirmektedir. Caligmada 3 eksendeki konum
verisi ve hiz verisi hazir olarak alinmustir. Sekil 2’de ugagmn irtifast ve X-Y eksenlerindeki koordinatlart
gosterilmistir. Ucagi rotasinin tam anlagilabilmesi i¢in rotanin perspektif, X-Y ve X-Z goriiniimii grafige
eklenmisgtir.
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Ucagin Rota Takibi Boyunca Hiz Degisimi
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Sekil 3. Ucagin Hiz Degisimi

Sekil 3’de bulunan ucagin hiz grafigi ugus yolu agisi ve bas agisi da hesaba katilarak konum verisinin
temelini olusturmaktadir. Hizin sebep oldugu irtifa ve irtifaya bagli olan hava yogunlugu itkide etkili
faktorlerdendir. Bu sebeple analiz kapsaminda olusturulan tiim grafiklerde en dnemli etkiye sahiptir.

05 Ucagin Rota Takibi Boyunca Kaldirma Katsayisi

04

| | L
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Sekil 4. Kaldirma Katsayisinin Degisimi

Sekil 4’te ve Sekil 5’te sirastyla kaldirma ve siirlikleme katsayilar1 kabul edilebilir diizeyde elde
edilmistir. Kaldirma kuvveti ugagin agirligina esittir. Gergek hava hizi, hiz hesaplamasi i¢in kullanildigi igin
hizdaki degisimler kaldirma kuvvetine de etki etmistir. Siiriikkleme kuvveti katsayisi, indiiklenmis ve parazit
stiriikleme ifadelerinin toplamidir. Denklem (5)’te yer alan hesaplamaya Cy katsayis1 da dahildir.
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Ucagin Rota Takibi Boyunca Siriuikleme Katsayisi
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Sekil 5. Siiriikleme Katsayisimin Degisimi

Sekil 6’daki C.-Cp grafigine gore, baslangigta parabolik olan iliski, daha sonra lineer hale gelmistir.
Literatiirdeki C_-Cp grafigine benzer bir sonug elde edilmistir (Sun J. ve ark., 2020).
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Sekil 6. Ugus Boyunca Géreli C -Cp grafigi

Ucagin itkisi ugus performansi ile alakali bir degerken gerekli olan itki motor tasarimu ile alakal bir
degerdir. Hesaplamalar1 yaparken baz alinan BADA’da farkli motor tiplerine gore farkli hesaplamalar
bulunmaktadir.
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«10% Ucagin Rota Boyunca Gerekli Olan itki Miktari

Gerekli itki (N)
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Sekil 7. Ucak I¢cin Gerekli Olan Itki

Itki degeri 3 faz iginde Sekil 7°de gdsterilmistir. 1097. saniyeye kadar olan tirmanma fazinda gerekli
olan itkinin diistiigii goriilmektedir. Bunun sebebi irtifa arttikca siiriikleme kuvvetinin diigmesidir. Bununla
beraber hava yogunlugu azaldik¢a hava beslemeli motorlarin verimi de ayni1 zamanda azalmaktadir. Fakat
stiriikleme kuvvetinin azalmast motor veriminin azalmasindan daha baskin oldugu icin gerekli itkide bir
azalma gorilmiistiir. 1097- 4872.saniyeler arasindaki seyir ucusunda gerek duyulan itki ugak hizina bagh
oldugu i¢in degisken oldugu gozlemlenmistir. 4872-6142.saniyeler arasindaki inis asamasinda ise gerek
duyulan itki degerinin ani bir diisiis yaptig1 fakat irtifa kayb1 arttikca arttigi gézlemlenmistir. Tim ugus
boyunca gerek duyulan itki miktar1 yakat tiiketimi géz dniinde bulundurularak gaz ayarinin %30-40 araliginda
olacak sekilde degerlendirilebilir (Siegel ve Hansman, 2011).

«10% Ucagin Rota Boyunca Anlik Yakit Tuketimi
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Sekil 8. Anlik Yakit Tiiketim Miktar1

Denklem (16-17) baz alinarak grafik yorumlanacak olursa yakit tiiketim grafigindeki sonuglar ile itki
arasinda dogrudan baglant1 kurulabilir. Tirmanis fazinda irtifaya bagl olarak hava yogunlugunun azalmasi ve
sirtiinme kuvvetinin azalmasi itkinin azalmasina sebep olur dolayisiyla yakit tiikketimi zamanla azalir. Seyir
fazinda ise yakat tiiketimi belli bir ortalama etrafinda dalgalanmistir. Bu dalgalanma ugagin hiz verileri, gergek
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ucusun datasindan alindigi i¢in olusmustur. Gergek ugustaki ufak hiz degisimleri Sekil 7°de de goriildigii tizere
gerekli itki hesabindaki dalgalanmaya dolayisiyla yakit tiiketimindeki dalgalanmaya sebep olmustur. Yine inig
asamasindaki yakit tiiketimi itkiyle dogru orantili olacak sekilde degisim gdstermistir. Sekil 3, 4, 5, 7 ve 8’de
2000-2300 saniyeleri arasinda ani dalgalanma oldugu goriilmektedir. Caligmada 14 Nisan 2022 tarihli THY690
kodlu ugusun gercek zamanh ugus verisi dogrudan alindigi i¢in bu dalgalanmanin sebebi tam olarak
bilinmemektedir.

SONUC (CONCLUSION)

Bu calisma kapsaminda; havacilik 6grencilerinin egitiminde, ozellikle ucus mekanigi dersinde
kullanilmak tizere, MATLAB/Simulink ortamimin yetkinligi ortaya konmustur. BOEING B737-700 ucaginin
Istanbul'dan Kahire'ye ugusunun analizi MATLAB/Simulink benzetim ortanu kullanilarak yapilmustir. Irtifa,
diizlemsel koordinatlar ve ugagin hizi gercek ugus verilerinden alinmig olup ortam modellemesi, kaldirma ve
stiriikleme kuvvet katsayilari, itki ve anlik yakit titkketimi modelleri Eurocontrol Experimental Centre’in BADA
(Base of Aircraft Data) projesi kapsaminda yayinladigi hesaplamalara dayanarak yapilmistir. Ugagin seyir
ucusu halinde hizin 240 m/s civarinda, itkinin 30 kN civarinda ve genel CL/CD oraninin literatiire uygun elde
edilmesi benzetim ortaminin gercek testler igin uygun ortam oldugunu ortaya koymustur. Literatiir
incelendiginde, elde edilen sonuglarin kabul edilebilir diizeyde oldugu gorilmiistiir (Keskin vd., 2021). Sonug
olarak, elde edilen sonuglarin gergek ugus verileriyle Ortiisiiyor olmasi MATLAB/Simulink benzetim
ortaminin egitim amaciyla kullanilmasinin 6grencilerin sektoére girmeden oOnceki egitimlerinde yarar
saglayacagini ortaya ¢ikarmistir.

Bu calisma sonrasinda ugus kararliligi ve kontrol, seyrii sefer ve yonelim ve diger havacilik dersleri
kapsaminda hem sabit kanatli hemde doner kanatli hava araglarinin MATLAB/Simulink benzetim ortaminin
aktif kullanilabilirligi {izerine ¢aligmalar yapilmasi planlanmaktadir.
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Bu ¢alismanin ortaya ¢ikmasinda Istanbul Teknik Universitesi, Ugak ve Uzay Bilimleri Fakiiltesi, Ugak
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Gegmisten giliniimiize teknolojinin gelismesiyle havacilik sektoriine olan giiven artmistir. Bu
giiven ise havacilik faaliyetlerine olan taleplerin yildan yila artmasima yol agmistir. Boyle bir
durumda, havacilik faaliyetlerinin gergeklestirilmesi i¢in ihtiya¢ duyulan havalimanlar1 ¢cok daha
onemli bir hale gelmistir. Havalimanlarinin sahip oldugu kapasite problemi ve talebin yildan yila
siddetli artisindan kaynakli olarak amfibik, egitim ve Ozel jet kategorisindeki ugaklarin
havalimaninda ihtiyag¢ duydugu parklandirma talebi (yatiya kalma), yaz aylar1 gibi turizm
faaliyetlerinin arttig1 déonemlerde karsilanamamaktadir. Bu soruna yeni bir havalimani insasi
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With the development of technology from the past to the present, confidence in the aviation
sector has increased. This confidence has led to rise in the demands on aviation activities year by
year. In such a case, the airports needed for the applying of aviation activities have become much
more important. Due to the capacity problem of airports and the significant increase in demand
from year to year, the parking demand required by amphibious, training and private jet aircraft at
the airport cannot be met during periods of increased tourism activities such as summer months.
Although the construction of a new airport is considered as an alternative solution to this
problem, this alternative is often not applicable due to the high need for financing and terrain.
This study presents a different design that requires less cost and less terrain to solve this problem.
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GIRIS

Havacilik tarihine, Wright Kardeslerin 17 Aralik 1903’te ilk havadan agir motorlu ugus denemelerinden
giiniimiize kadar baktigimizda, havacilik sektoriiniin tahmin edilemez oranda gelistigini gorebiliriz.
Baglarda tahtadan ve kanvas kumastan tretilen ucaklar, giiniimiizde daha dayanikli komponentlerle
tiretilmektedir. Havacilik sektoriindeki bu gelisim, gegmisten giiniimiize teknoloji ile paralel bir sekilde
gelmistir ve hala paralel bir sekilde gelismeye devam etmektedir. Havacilik alanmin teknoloji ile
gelismesiyle insanlarin havaciliga olan ilgisi ve giiveni artmustir. Bu giiven beraberinde talebi getirmistir.
Olusan bu talep ise deniz tasimaciligi ve Kara tasimaciligi  gibi modlarin yaninda yeni bir tagimacilik modu
olan havatagimaciligini getirmistir. “Hava tasimaciligrinsanlarin, yiikiin (kargonun) ve postanin yer ve zaman
faydasi saglayacak sekilde, bir hava aract ile havadan yer degistirmesi olarak tanimlanabilir. Baska bir ifade
ile insanlarin velveya yiikiin bir hava aract ile yer degistirmesi faaliyeti hava tasimaciligr hizmeti sayesinde
miimkiin olur.”(Gerede Ender,2002:9 SHGM Havayolu Tasimaciligi ve Ekonomik Diizenlemeler Teori ve

Tiirkiye Uygulamasi)

Hava tagimaciliginda rol alan kurum ve kuruluslara genel olarak baktigimizda; havayollari, hava taksi,
genel havacilik ve balon isletmeleri olarak ayirabiliriz. Bu kurum ve kuruluslar kendi iglerinde de kar amact
giiden ve kar amaci giitmeyen olarak ayrilmaktadir. Ornegin havayollar farkh filo yapilariyla sunduklari
tasimacilik hizmetini kar amaciyla yaparken, bazi kamu kuruluslar1 amfibik tiiriinde olan yangin sondiirme
ucaklartyla kar amaci giitmeden kamu hizmeti vermektedir. Bunlarin yaninda ugus akademilerinin egitim

amaciyla verdigi hizmetleri de soyleyebiliriz.

Havacilik sektoriinde, verilen hizmetlerin ve ulasilmak istenen amaglarin (kar amaci, egitim, kamu vb.)
birbirlerinden farkli olmasi, havacilik sektoriinii bir yandan komplike bir hale getirmistir bir yandan da
sektore duyulan talebi artmistir. Farkli amaglara ihtiya¢ duyularak olusan bu talep, baz1 zamanlarda
karsilanmakta bazi zamanlarda ise karsilanamamaktadir. Bunun en 6nemli nedenlerinden birisi havacilik
faaliyetleri icin ev sahipligi yapan havalimanlaridir. Havalimanlari; hava araglarinin inis ve kalkis
yapabilmesi, bakim ihtiyaglarini giderebilmesi ve yolcu-yiik alimlari gibi faaliyetlerin gergeklestirilmesi igin
gerekli altyapr tesisleridir. Bu tesisler bulundugu bélge, donatildigi teknoloji, sahip oldugu kapasite gibi
faktorlerle iliskili olarak birbirinden farklilik gostermektedir.

HAVALIMANI KAPASITESI

Havalimanlarmin sundugu altyapr ve hizmeti inceledigimizde, diger isletmeler gibi belirli bir kapasiteye
sahip oldugunu soyleyebiliriz. Basit bir sekilde, bir igletmenin sahip oldugu kapasitenin tanimini yapacak
olursak; “Isletmenin belirli bir siire icerisinde mevcut iiretim faktorlerini rasyonel bicimde kullanarak
meydana  getirebilecegi iiretim miktaridir.” (Bulut Atil Zeki,2004:80 Isletmeler Agisindan Kapasite
Planlamast ve Kapasite  Planlamasina Etki Eden Faktorler) Havalimanlari acisindan kapasite,
havalimanlarinda verilen hizmetlerin belirli  bir siire icerisinde sunulabilecegi siirdir diyebiliriz. Fakat

havalimanlarinda tek bir kapasiteden bahsetmek séz konusu olamaz. Ornegin; pist kapasitesi, terminal
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kapasitesi, apron park kapasitesi vb. Bu kapasiteler yaz aylart gibi turizm faaliyetlerinin arttig
donemlerde havacilik faaliyetlerine duyulan talepleri tam anlamiyla karsilayamamaktadir.

Boylesi bir durumda, havacilik sektoriinde rol alan kurum ve kuruluglar sahip oldugu ugak sayilarini
daha da arttirarak bu talebe karsilik vermek isteseler de durumun havalimani kapasitesinden kaynakli
olmasindan dolay1 talepler karsiliksiz kalarak havacilik faaliyetleri daha da sikisik bir hale gelmistir.
Talebin ve ugak sayisinin boyle katlanarak arttigi ve kapasitenin yetisemedigi durumlarda, ilk akla gelen
yeni bir havalimani ihtiyact olsa da havalimanlarinin yiiksek finansman ve yer ihtiyaci dolayisiyla bu sorun

¢ogu zaman ¢oziilemeyip goz ard1 edilmektedir.

BULGULAR
Bahsedilen duruma iliskin olarak yillara gére yolcu trafik grafigi, simiflarina gore kiiresel ugak sayisi
tahmini ve bolgelere gore ortalama havalimani proje maliyetleri incelenmistir ve sirasiyla Sekil 1,2 ve

3’de gosterilmistir.
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Sekil 1. Yillara Gore Yolcu Trafik Grafigi
Kaynak: The World of Air Transport Report in 2019 ICAO
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Ucak sayisi 36,570
27,884 g Turboprob ucaklar
= Bolgesel jetler
- Genis govde
v ik [ Dar govde
3.3% 3.8%
2019 2026 2031

Sekil 2. Siniflarina Gére Kiiresel Ugak Sayist Tahmini
Kaynak: Oliver Wyman Anaizi
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Her Proje ic¢in Ortalama Maliyvet (USD)

Asya Pasifik 808.7
Kuzey Amerika 750.0
Orta Dogu 338.9

Afrika 666.7
Toplam Ortalama 616.1

Sekil 3. Bolgelere Gore Ortalama Havaliman: Proje Maliyetleri
Kaynak: CAPA Airport Constrauction Database

KUCUK GOVDE KATEGORISINDEKI UCAKLAR iCiN OLUSAN APRON PARKI SORUNU

Havaliman1 Kkapasitesinin biiyiik bir kismini ¢ogu zaman havayollar1 kullanmaktadir. Bu durum,
havayollarinin yiiksek cesitlilik iceren filo yapisindan dolayr kaynaklanmaktir ve amfibik, egitim ve &zel
ucaklar gibi daha kiigiik gévdeli ugaklarla yapilan faaliyetlere ¢ogu zaman yer birakmamaktadir. Béylece
havayollarmin  gerceklestirdigi faaliyetlerin disindaki havacilik faaliyetleri nispeten kisitlanmug hale
gelmektedir. Bu kisitlamalardan  biri ise amfibik, egitim ve 6zel jet kategorisindeki ugaklar i¢in apron parki
sorunudur. Ornegin turizm amaglh gelip, havalimaninda belirli bir siire yatiya kalacak kiiiik govdeli bir
Ozel jetin talepde bulunmak istedigi havalimaninin park apronunda yer bulamamasi ve daha uzakta bulunan
bagka bir havalimanina yonlendirilmesini sdyleyebiliriz. Benzer bir durum yangmn sondiirme, arama
kurtarma gibi faaliyetler i¢in kullanilan amfibik ucaklarin ve ugus okullarinda egitim amagli kullanilan
kiiciik gbvdeli ugaklar iginde gegerlidir. Bahsedilen bu sorunun havacilik faaliyetlerine olan etkilerine
baktigimizda; kiigiik govdeli olan o6zel jet, amfibik veya egitim tiriindeki ugaklarinin talep ettigi
destinasyonunun haricinde baska bir havalimanina yonlendirilmesi fazladan yakat tiiketimine neden olacak ve
bu durumda talep sahibi igin maliyetleri arttiracaktir. Ayrica park talebi edilen havalimaninda pist, apron
gibi altyap1 kullanimindan gelir elde eden kurulusun ve ugak temizligi, ugak miihiirleme, yolcu indirme-
bindirme, bagaj yiikleme-bosaltma gibi hizmetleri sunan yer hizmeti kuruluslarin da gelir kaybetmesine yol

acacaktir.

Sonug olarak her agidan maliyete sahip olan havacilik faaliyetlerinin daha fazla maliyete yol agmasi ve bazi
kuruluslarinda gelir elde edememesi her agidan istenilmeyen bir durumdur. Bunlara ek olarak, ucagin
rotasinin  uzamasiyla tiiketilen yakit miktarina paralel olarak atmosfere salinan karbon emisyonunun da
arttigin1 sdyleyebiliriz.  Bu durum cevreye verilen zararin etkisini daha da arttiracaktir. S6z edilen
havalimanlar yaz aylar1 gibi turizm faaliyetlerinin arttig1 donemlerde kapasite sinirina yaklasan, genislemesi

daha fazla miimkiin olmayan ve bulundugu konum dolayisiyla ¢ok talep géren havalimanlaridir.
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Yeni Nesil Havalimam Tasarimi

APRON PARKI SORUNU ICIN ONERILEN CALISMA

Caligmanin adi, Yeni Nesil Havalimani1 Tasarimi’dir. Bu ¢alismanin sunulma gerekgesi hava tagimaciligina
kars1 olusan; egitim, kamu ve kisisel amagh talebin katlanarak artmasiyla amfibik, egitim ve ozel jetlerin
yaz donemi gibi turizm amach faaliyetlerin artmis oldugu yogun zamanlarda, havalimanlarinda park
yeri  bulamamasidir. Tasarim su sekildedir: Park halinde veya hangarda yatiya kalan ugagin bulundugu
zeminin, bir cesit asansor (platform) sistemi araciligiyla zeminin altina insa edilecek olan bir alana
indirilmesidir. Bu alan tizerinde birden fazla ugak park halinde olacaktir. Kullanilmak istenen ugak alanin
360 derecelik hareketiyle platformun hizasma denk getirilip, bir biitiin olan alandan ayrilacaktir ve rayl
sistemle asansoriin igine girecektir. Daha sonra asansor araciliiyla ylizeye c¢ikarilmasi saglanacaktir.
Boylelikle havalimani yilizeyinde sadece bir ugagin kaplayacagi alanin altina birden fazlan ugak sigdirilmis
olacaktir. Bu tasarimdaki amag¢ havalimaninda olusan park yeri sorununu azaltmak igin apron parki

kapasitesinin artirrmini saglamaktir.

A. Tasarmmn Taslak Cizimi

HAVALIMANI APRON YUZEYININ ALTI

X > ASINSOT

Rayli sistem

Sekil 4. Tasarimin Genel Gortintimii

Sekil 4’de c¢alismanin tamitiminda yer alan, zeminin altina insa edilecek alanin sol-iist bakis agisiyla
gosterimi yer verilmistir. Cizimin sol kenarinda kalan metalik cisim, ugagin yiizeye ¢ikartilmasini saglayacak
olan asansorii temsil etmektedir. Ucaklarin altindaki dairesel alan ise 360 derece hareket edebilen bir

platformdur.
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Yeni Nesil Havalimam Tasarimi

Rayli sistem

Sekil 5. Tasarimdaki Unsurlar Sekil 6. Ucagin Rayl: Sistemle Tasinmasi

Sekil 5. ve 6. sag-iist bakis agisiyla asansoriin giris kismini ve ugaklarin istiinde bulundugu 360 derece
donme hareketine sahip olan zemini gostermektedir. Ray sistemi ise yukari ¢ikartilmak istenen ucagi,

asansoriin i¢ kismina taginmasini saglamaktadir.

Sekil 7. Ucagin Asansore Tasinmis Hali
Sekil 7°de yukar1 ¢ikartilmak istenen ugagin asansore tasinmig hali gosterilmektedir.

-y

Sekil 8. Tasarimdaki Siirecin Sonu

Sekil 8’de asansoriin yukari dogru hareketi ile yilizeye ¢ikartilmak istenen ugagm havalimani yiizeyine
ulasmis hali  gosterilmektedir. Sekillerde kirmizi renkte gosterilen ugak tipi egitim, amfibik ve ozel jet
kategorisinde olan biitiin  kiigiik gévdeli ucaklar1 kapsamaktadir.
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B. Tasarimin Faydalari
Bu tasarim sayesinde elde edilmesi 6n goriilen faydalar su sekildedir:
1. Havalimani park kapasitesi arttirilabilir.
2. Park halindeki bir ugagi kotii hava kosullarindan muhafaza ederek ¢iiriime ve paslanmasi azaltilabilir.

3. Park talep sahibinin baska bir havalimanina yonlendirilmesinden kaynakli olarak artan yakit

tilketimini engelleyerek ¢cevreye salinan karbon emisyonunu azaltabilir.

4. Havalimaninda faaliyet gosteren kuruluslarin diger havalimaninda faaliyet gosteren kuruluglara elde

edecegi talebi kaptirmasini engelleyebilir.
5. Talep sahiplerinin memnuniyetsizligini

engelleyebilir. 6.Yeni istihdam olanaklar agabilir.

SONUC

Bu tasarim nihai amag¢ olan egitim, amfibik ve 06zel jet kategorisindeki kiigiik govdeli ugaklar igin
havalimanlarindaki park kapasitesini arttirmis olacaktir. Bu amag¢ dogrultusunda, yeni bir havalimani
yatirrm maliyetinden ¢ok daha az bir maliyetle bu ¢ikt1 elde edilmis olacaktir. Bu tasarim havacilik

sektoriindeki inovasyonu arttirmak ve sektoriin gelisiminde katkida bulunmak igin hazirlanmigtir
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