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Detleme Makalesi

Havacilik sektoriiniin TR33 bolgesinde stirdiiriilebilir kalkinmaya etkisi: Bolgedeki
havalimanlarinin degerlendirilmesi

Giilagt1 Sen®?

Oz. Tirkiye'de havacilik sektoriiniin gelisimi 20107l yillardan sonra hizlt bir ivme kazanmis ve ilkenin siirdiiriilebilir kalkinmasinda etkili
olmustur. Ozellikle bolgelerin siirdiiriilebilir kalkinmasinda, gelisen havaciligin bir sonucu olarak iilkenin kuzeyinden giineyine, batisindan
dogusuna farkli sehirlerde agilan havalimanlar etkili olmustur. Bu havalimanlarinin ilkeye, bélgelere ve sehirlere olan ekonomik, politik,
cevresel, kiiltiirel ve sosyal katkilar artis gstermistir. Ancak TR33 bolgesinde yer alan havalimanlarinin strdirtlebilir kalkinmaya etkilerinin ne
sekilde oldugu/olabildigi/ olabilecegi durumu daha 6nce aragtirilmamustir. Bu ¢alismada nitel arastirma yontemlerinden kesifsel durum calismast
yapilarak, havacilik sektériiniin bélgedeki siirdiiriilebilir kalkinmaya etkisi arastirilmaktadir. Ozellikle bolgede havacilik faaliyetleri kapsaminda
acilan havalimanlari ve bu havalimanlarina yapilan ucuslar incelenmektedir. Bolgede yer alan havalimanlarinin durumu belirli dénemlerde ciddi
belirsizliklerle karsilagmis; belitli dénemlerde kapatilmig ve tekrar acilmistir. Bu durumun, bolgenin surdurilebilir kalkinmasinda nasil bir etki
yaptgi bilinmemektedir. Buradan hareketle arastirmada, amagl 6rneklem modeli kullanilarak bélgede bulunan havalimanlarinin son bes yillik
faaliyetleti durum analizine tabi tutulmustur. Bélgede yer alan ve arastirmada analize tabi tutulan havalimanlari sivil uguslarin gerceklestirildigi
Usak Havalimani ve Kitahya Zafer Uluslararast Havalimant’dir. Bu arastirmada, havalimanlarinin strdirilebilir kalkinmaya olan etkileri
aragtirtlmakta ve bu kalkinmanin artirilmasi icin Oneriler aktarilmaktadir.

Anahtar Kelimeler: Sturdirilebilir kalkinma, bélgesel kalkinma, havacilik sekt6rii, TR33 bolgesi havalimanlari.

Review Paper

Impact of aviation sector on sustainable development in TR33 region: Evaluation of airports
in the region

Abstract. The development of the aviation sector in Tirkiye has gained rapid momentum after the 2010s and has been effective in the
sustainable development of the country. In particular, the airports opened in different cities from the north to the south and from the west to
the east of the country as a result of developing aviation have been effective in the sustainable development of the regions. The economic,
political, environmental, cultural and social contributions of these airports to the country, regions and cities have increased. However, the
impact of the airports in the TR33 region on sustainable development has not been investigated before. In this study, the impact of the aviation
sector on sustainable development in the region is investigated by conducting an exploratory case study from qualitative research methods. In
particular, the airports opened within the scope of aviation activities in the region and the flights to these airports are examined. The status of
the airports in the region has faced serious uncertainties in certain periods; they have been closed and reopened in certain periods. It is not
known how this situation has affected the sustainable development of the region. Based on this, the activities of the airports in the region in
the last five years were subjected to a situation analysis using a purposeful sampling model in the research. The airports in the region that are
analyzed in the research are Usak Airport and Kiitahya Zafer International Airport, where civil flights are carried out. In this research, the
effects of airports on sustainable development are investigated and suggestions are given to increase this development.

Keywords: Sustainable development, regional development, aviation sector, TR33 region airports.
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Havacilik sektiriiniin TR33 bilgesinde siirdiiviilebilir kalkinmaya etkisi

1. GIRIS

Surdurilebilir kalkinma, diinyanin sosyal ve ekonomik déniistimiine rehberlik eden temel strateji haline
gelmektedir (Shi vd., 2019, s. 7157). Gegmisten giiniimiize Uretim ve ekonomik etkinlige odakli yiiriitilen kalkinma
cabalari, gelir dagilimi ve yoksunlugun ortadan kaldirilmasi gibi sosyal acidan ele alinan stratejik model olarak 6n plana
ciktigt ifade edilebilir (Girltik, 2010, s. 86). Stirdurilebilir kalkinmanin bir model olarak tilkelerin kalkinmasinda etkili
olabilecegi uluslararas: stirdiiriilebilirlik toplantilarinda ele alinirken, bélgelerin kalkinma calismalarinda kullanilmasi
oldukea yenidir. Bolgesel kalkinma, zaten giinimiiz baglaminda kritik bir durumdadir; ¢ok sayida kriz (finansal, gida
ve enetji) zamanin ekonomik paradigmasint yeniden degerlendirmeye ve istthdam, toplumsal ilerleme, yasam kalitesi
ve dogaya saygl alanlarinda gelecek nesillere birakilan yerine getirilmemis vaatleri nasd daha iyi ele almnacagini
degerlendirmeye zotlamaktadir (Jovovic, 2017, s. 257). Dolayistyla bolgesel kalkinmanin strdirilebilirlik ile ele
alinmast, zorluklarin tstesinden gelinmesi acisindan 6nemli olabilir.

Bolgesel stirdurilebilir kalkinmanin degerlendirilmesi karmagik ve ¢ok yonli bir konudur. Bunun sebebi bircok
bireysel cevresel, sosyal ve ekonomik faaliyet ve bilgi 6gesinin ve bu bireysel 6geler arasindaki sayisiz etkilesimin
anlastlmasint gerektirmesidir (Roberts, 2000, s. 515). Bolgesel stirdiirtlebilirlik, firma veya kurulus diizeyindeki
geleneksel daha kiictik 6lcekli surdirilebilitlik programlarinin bolgesel bir odaga dogru Slgeklendirildigi bir cerceve
saglamaktadir. Bu durum bélgedeki isletmeleri, Gniversiteleri, belediye otoritelerini ve vatandag gruplarint bélgesel
odakli bir ¢aba icinde bir araya getirmeye zorlamaktadir (Potts, 2010, s. 714). ifade edilen gruplar arasinda havacilik
sektoriniin birincil aktérleri olarak ele alinan havayolu sirketleri ve havalimam isletmeleri de sayilabilir. Bélgenin
sturdiirtlebilir kalkinmasinda havacilik sektériiniin faaliyetleri ciddi anlamda etkili olabilmektedir. Havacilik sektéria
bolgedeki istthdami destekledigi gibi, bolgeye ziyarete gelen insan hareketliliginin saglamasinda 6nemli rol
oynamaktadir.

Bu calismada ele alinan bélge, Tiirkiye’nin IBBS’de (Istatistiki Bolge Birimi Siniflandirmast) diizey 2 bolgesinde
yer alan TR33 bélgesidir. Bolgede, Afyonkarahisar, Kitahya, Manisa ve Usak illeri yer almaktadir. Bélgede havacilik
faaliyetleri kapsaminda havalimanlari bulunmaktadir. Bélgede ti¢ askeri ve iki sivil olmak tizere toplam bes adet hava
alant  bulunmaktadir. Afyonkarahisar, Akhisar ve Kiitahya'da havaalanlari, sivil havaalanlart ise Altintas
(Afyonkarahisar-Kutahya-Usak illerinin ortak kullanimina yonelik Zafer Bolgesel Havalimant) ve Usak'ta yer
almaktadir (Zafer Kalkinma Ajanst, 2016, s. 91). TR33 Bélgesi'nin farkli sosyo-ekonomik ve cografi ézellikler gosteren
illerden olusmasi, bélgeyi siirdurilebilir sehitlesme politikalarinin degerlendirilmesi agisindan 6nemli bir drneklem
alani haline getirmektedir (Meydan, 2025, s. 229). Bu sehirlesmede, bolgede bulunan havalimanlarinin katkist etkili
olabilir. Ancak havalimanlarinin kuruldugu yillardan itibaren sektére ve tilke ekonomisine katkilarinin ekonomik ve
politik agidan tartismalara sebep olmast dikkat ¢ekmektedir. (Thlas Haber Ajanst, 2024), (Arasl, 2025). Dolayistyla bu
calismada TR33 bolgesindeki havalimanlarinin siirdiirtilebilir kalkinmaya etkileri arastirilmaya calisiimaktadir.

Stirdirilebilir kalkinma, insan refahini ilerletmeye yonelik baghligs temsil etmektedir (Moran vd., 2008, s. 470).
Havacilik sektériiniin TR33 bolgesindeki stirdiriilebilir kalkinmaya etkilerinin incelendigi bu ¢alismada, bolgedeki
havalimanlari ele alinmaktadir. Havalimanlarinin bolgenin strdirtlebilitligi yonelik etkileri ¢esitli olabilmektedir.
Havaliman etki analizi ¢ergevesi genellikle dért ana etki tiiriind icermektedir. Bunlar; (1) havaalaninin isletimiyle ilgili
dogrudan etkiler; (2) bolgedeki tedarikgilerin operasyonlariyla ilgili dolaylt etkiler; (3) dogrudan ve dolayli operasyonlar
tarafindan olusturulan faaliyetle ilgili tetiklenen etkiler; (4) havaalaninin bélgesel kalkinma tzerindeki daha genis
roluyle ilgili kataliz6r etkiler siralanabilir (Halpern & Brathen, 2011, s. 1145). Bir bélgede havalimanlarinin isletilmesi,
havalimaninda calisacak kisiler dolayinda dogrudan bélgenin istthdamina etki ederken, bélgedeki mevceut tedarikgileri
(havalimani alt yapisy, elektrik, su temini vb.) dolayl olarak etkilemektedir.

Havalimanlarinin stratejik olarak belitli bolgelere yapilmasi, hava tasimaciligi faaliyetlerinin Slgegini, o bélgedeki
yolcu sayist ve ucak trafigi Gizerinden dogrudan iliskilendirilerek strdiiriilebilir kalkinma ilkelerinin etkin bir sekilde
uygulanip uygulanmadiginin degerlendirilmesini saglamaktadir (Szaruga & Zaloga, 2022, s. 932). Hava tagimaciliginin
hareketliligi bulundugu bolge ekonomisine, kiiltiiriine, sosyal faaliyetlerine katki saglamaktadir. Bu hareketliligin TR33
bélgesinin stirdtrtlebilir kalkinmasina etkisinin nasil olduguna yénelik bir calisma literatiirde mevcut degildir.
Dolayistyla bu ¢alismada amag, havacilik sektoriiniin TR33 bolgesindeki stirdtriilebilir kalkinmaya etkisi tizerinden
bolgede bulunan havalimanlarinin degerlendirilmesidir. Amagli 6rneklem modeli ile derinlemesine incelemede
bulunan bu arastirmanin ilk bélimiinde havacilik sektSriintin strdiirilebilir kalkinmaya etkisi TR33 bolgesi acisindan



Sen

ele alinmaktadir. Tkinci boliimde ise arastirilan bolgede faaliyetlerine bakilmaksizin bolgede bulunan Zafer Havaliman

ve Usak Havalimanit olan sivil havalimanlaridir.

2. KAVRAMSAL CERGEVE

Surdurtlebilirlik terimi aslen ekoloji alanina aittir ve bir ekosistemin neredeyse hi¢ degismeden zaman icinde
varligini siirdiirme potansiyelini ifade etmektedir. Kalkinma fikri eklendiginde, kavram artik ¢evre agisindan degil,
toplum ve sermaye ekonomisi acisindan da ele alinmaktadir (Jabareen, 2008, s. 181). Strdirilebilir kalkinmanin
savunuculart neyin strdirilecegi, neyin gelistirilecegi, cevre ve kalkinmanin nasil iliskilendirilecegi ve ne kadar streyle
iliskilendirilecegi konusundaki vurgularinda farklilik gbstermektedir (Parris & Kates, 2003, s. 559). (Munasinghe, 2009)
ortaya koydugu stirdiirtlebilir kalkinma tg¢geni ¢alismasinda, strdiiriilebilitligin G¢ alanda iktisadi, sosyal ve cevresel
olarak ele almaktadir. Tktisadi alanda biiyiime, etkinlik, istikrar; sosyal alanda giiclendirme, katilim ve danisma,
kurumlar ve yonetisim; esneklik/biyogesitlilik, dogal kaynaklar, kitlilik konulari t¢genin koselerini olugtururken,
yoksulluk, esitlik, siirdirtlebilirlik ve iklim degisimi ticgenin merkezinde yer almaktadir. Cinki strdirilebilir
kalkinmanin, 6zellikle merkezde yer alan sorunlarin, ortaya konulan ti¢ boyutta ele alinmasi gerektigidir (Munasinghe,
2009, s. 34-35), (Yeni, 2014, s. 186). Surdurtlebilir kalkinmanin sosyal, ¢evresel ve ekonomik temellerinin stki bir
sekilde birbirine bagli oldugu ve bu sistemler arasinda sembolik bir iliski kurmay1 amaglayan daha kapsayict bir modele
dogru kalkinmay: yeniden yonlendirmek icin potansiyel bir yol olarak kabul edilmektedir (Dhahri & Omri, 2018, s.
65).

Cevresel, teknolojik ve sosyal gelismeler, gelecekteki stirdiiriilebilirlige ulagsmak icin énemlidir. Havacilik
endistrisi giiriltilye, kirlilige ve karbon emisyonlarina neden olmakta ve bu durum havacilik endistrisinin
strdurilebilirligini engellemektedir. Ancak stirdirtlebilirlik yalnizca cevresel sorunlarla degil, aynt zamanda kirlilik ve
iklim degisikliginin saglik, refah, kiltiir ve gecim kaynaklarini 6nemli Slgtide etkilemesi nedeniyle sosyal ve ekonomik
kalkinmayla da ilgilidir (Qiu vd., 2021, s. 2448). Dolayistyla havacilik endiistrisinin siirdiiriilebilir kalkinma tizerindeki
etkisi, ekonomik, ¢cevresel ve sosyal boyutlardan ele alinarak aciklanabilir. Bu baglamda havaciligin sektorel ve bolgesel
kalkinmaya katkiari, aynt zamanda cevreye olan etkileri ve toplumlarin genel refahina olan katkilari, literatiirle

desteklenen analizler ve akademik ¢alismalar 1s181nda daha derinlemesine incelenebilir.
2.1. Havacilik Sektorii ve Siirdiiriilebilir Kalkinma

Havacilik sekt6ri, diinya capinda turizm ve kargo talebindeki blylimeye bagl olarak son birkag yildir istikrarlt
sckilde buyimeye devam etmektedir. Dolayisiyla bircok bélgede sosyal kalkinmaya ve ekonomik biiyiimeye katkida
bulunan énemli bir kalkinma sekt6rii olarak kabul edilmektedir. Havacilik sektérd, sektérin deger zinciri boyunca
dogrudan ve dolaylt olarak milyonlarca kalifiye ve yart kalifiye kisiyi istthdam etmektedir (Dube, Nhamo & Chikodzi,
2021, s. 92). Sektorin, tlkelerin ve bolgelerin strdiiriilebilir kalkinmasinda etkili oldugu; ancak bu dogrultuda alan
yazinda calismalarin sinirlt oldugu gorilmektedir. Ozellikle sektériin siirdiirtilebilir kalkinma anlaminda ekonomik
faydalarin stirekli vurgulandigy; sosyal acidan faydalarinin ele alinmadids; cevresel anlamda ise olumsuzluklarinin 6n
planda oldugu ve teknolojik ilerlemelerine vurgu yapidmadigr disiiniilmektedir (Walker & Cook, 2009, s. 378).

Strdirilebilir  kalkinmayi, havacilik endiistrisi agisindan  tanimlamak  gerekmektedir. Hava tasimaciligt
sisteminde siirdtrtlebilir kalkinma, dogrudan istthdam, artan baglanti, ticaret ve turizmden ekonomik faydalar elde
ederken, sosyal gelismeler yaratmak ve cevresel maliyetleri en aza indirmek anlamina gelmektedir (Wang & Song,
2020, s. 3). Havacilik sekt6ri, ticaret, turizm, lojistik ve sanayi gibi bircok sektdrii etkilemekte, ekonomik, gevresel ve
sosyal surdiriilebilirligin saglanmasinda 6nemli bir rol oynamaktadir. Bir diger ifadeyle hava tasimaciligi, ulagim
altyapisinin 6nemli bir parcast olarak kabul edilmektedir ve uzun vadeli ekonomik biylime tizerinde de biytk bir
etkiye sahip olmaktadir. Havaalanlart yerel ekonomiye 6nemli 6l¢tide katkida bulunmakta ve bir ilkenin kiiresel
ekonomiye entegrasyonunu kolaylastirmakta ve ayrica topluma sosyal faydalar saglamaktadir (Chourasia, Jha & Dalei,
2021, s. 5).

Havacilik sektériinin strdirilebilir kalkinmaya etkisinde, bolgesel kalkinma séz konusunu oldugunda
cogunlukla ekonomik agidan ele alinmaktadir. Bélgesel ekonomik kalkinma agisindan, 6zellikle havaalanlarinin 6nemli
kalkinma aract oldugu vurgulanmaktadir. Ayrica, bolgesel buyiklik, issizlik, endiistriyel ve egitim yapilari ile iklimi
kontrol ettikten sonra, havalimani etkisi gii¢li ve 6nemli olmaya devam etmektedir. Yapilan arastirmalarda,
havaalanlarinin  hem insanlart hem de mallart tastyarak bolgesel kalkinmaya katkida bulundugunu ortaya
konulmaktadir (Florida, Mellander & Holgersson, 2015, s. 209). I§sizligin azaltilmasi, egitim yapilarinda degisim, iklim
kontroliniin sirekliligi, insan ve mal hareketliligi g6z 6ntinde bulunduruldugu, sektériin bolgesel kalkinmaya etkileri
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sadece ekonomik ac¢idan degil, sosyal ve cevresel acidan ele alinmasi, derinlemesine incelenmesi gereken bir konu
olmaktadir. Bu dogrultuda havalimanlarinda stirdirilebilir kalkinma uygulamalarinin ekonomik, sosyal ve cevresel
acidan ele alinmast gerektigi ifade edilebilir. Buna ilaveten bu uygulamalarin benimsenmesi, havalimaninin finansal ve
operasyonel faydalarini iyilestirmektedir (Chourasia, Jha & Dalei, 2021, s. 5). Boylece havalimanlarinin siirekliliginin
saglanmasi ve faaliyetlerini artirmast da miimkiin olabilmektedir.

Havacilik sektori, 6zellikle bolgesel ve kiiresel ekonomik biiytime ile dogrudan iliskilidir ve kiiresel ticaretin
gelismesine 6nemli Sl¢tide katkt saglamaktadir. Ancak stirdiiriilebilir kalkinmaya etkisinde sosyal ve cevresel etkiler de
ortaya konulmalidir. Bu dogrultuda havacilik sektSriiniin bir bolgenin strdiriilebilir kalkinmaya etkisi su sekilde
siralanabilit;

e Havaciligin gelisimi, 6zellikle bélgeler arast ve uluslararasi hava yolu baglantilari ile turizmin gelismesini
destekler ve bu durum, ekonomik kalkinmaya destek saglar.

e Bir bolgedeki siirdurilebilir kalkinmanin énemli Slgiitlerinden biri ¢evresel stirdiriilebilirliktir ve havacilik
sektori, cevresel etkiler bakimindan 6nemli bir sektérdur.

e Havacilik sektori, bir bolgenin toplumsal refah ve esitlikci gelisme hedeflerine ulagilmasinda kritik bir rol
oynayabilir.

Havacilik sektort, tlkelerin strdiriilebilir kalkinmasinda kritik rol oynamaktadir. Havaciligin gelisimi ile
bélgesel kalkinma i¢in 6nemli firsatlarin artacagt gorilmektedir. Bu dogrultuda, sektérde siirdirilebilir kalkinmanin
ekonomik, cevresel ve sosyal etkiler dikkate alinarak stirdurdlebilirlik acisindan daha dengeli bir yaklasim
benimsenmesi gerektigi ifade edilebilir.

2.2. TR33 Bolgesinde Havacilik Faaliyetlerinin Onemi

TR33 Bolgesi, Tiirkiye’nin Kuzey Ege kesiminde ve Istatistiki Bélge Birimi Siiflandirmast (IBBS), Diizey 2
siniflandirmasinda yer alan; Usak, Manisa, Kiitahya ve Afyonkarahisar olmak tizere dort ilden olusan bélgesidir
(Tirker, 2024). Bolge, Szellikle tarim, sanayi ve lojistik agisindan stratejik bir éneme sahiptir. Bolge illeri, biiyiik
metropoller, ticaret merkezleri ve limanlar arasinda dogal bir baglantt olusturmaktadir. Tirkiye'nin en buyiik sehirleri
olan Antalya, Istanbul, Ankara ve Izmir arasinda yer almaktadir (Koker, Koruca & Sulukan, 2018). Usak, Kiitahya ve
Afyonkarahisar illerinde ise havalimani bulunmaktadir. Bélgenin denizyolu baglantist ise genellikle Tzmir liman
tzerinden yapilmaktadir. Ayrica Manisa'da bir lojistik merkezi bulunmaktadir (Zafer Kalkinma Ajansi, 2013).

Ulastirma altyapistnin stirdiiriilebilir kalkinma tizerindeki etkisi buytktir (Wang vd., 2018, s. 1172). Uygun
sekilde gelistirilmis bir ulasim altyapisi, belitli bir alan tGizerinde uyarici bir etkiye sahip olabilir, ekonomik faaliyette ve
cevre ile ilgili rekabette artisa yol agabilir. Ozellikle bélgesel Slgekte, yol altyapisinin durumu ve ana iletisim arterleriyle
uyumlulugu, bir¢ok yazara gére bélgenin potansiyel yatirimeilar ve isletme sahipleri icin ¢ekici olmast icin gerekli bir
kosuldur; ancak bu durum, diger bolgelerin bélgeye girisine veya kalifiye isgticiiniin disar1 cikisina da katkida
bulunabilir (Prus & Sikora, 2021, s. 279). TR33 bolgesinde acilan ve faaliyet gésteren havalimanlari, ulastirma
altyapisint  desteklerken, bolgedeki diger altyapt projelerinin  gelismesine zemin hazirlayabilir.  Ornegin,
havalimanlarinin kara yolu ve demir yolu aglari ile entegrasyonu, bélgenin lojistik kapasitesini artirabilir.

Kiresel havacilik, surdirilebilit kalkinmanin katalizériidiir ve turizmle bitlikte insan kaynaklarin, isletmeleri,
topluluklart ve yardimel ticaretleri bir araya getirmektedir (Prasad, 2019, s. 1). Bolgesel Kalkinma Ulusal Stratejisi
(BGUS) Madde 578'de turizmdeki eksikliklerin giderilmesi icin; havacilik sektriiniin turizm sektoriyle uyum icinde
calismast, belediye hizmetlerinde asgari standartlarin korunmast (kanalizasyon, ulasim, artma vb.) ve turizm
sektoriinde hizmet verecek insan kaynaginin kapasitesinin belitlenmesi ifade edilmektedir (Zafer Kalkinma Ajanst,
2010).

Ulagim altyapisi, bir bolgeye olan i¢ gé¢in cekici faktorlerinden biri olarak da ele alinmaktadir (Dayar &
Sandalct, 2016, s. 2056). Buna ilaveten kir ve kent arasindaki ulasim olanaklarindaki gelismeler iletici etmenler olarak
da adlandiridmaktadir (Yilmaz, Goktirk & Kok, 2017, s. 325). 2024 yilinda TUIK tarafindan yayimlanan Adrese Dayalt
Nifus Kayit Sistemi (2023) sonuglarina gére TR33 Bolgesi’nin niifusu 3.179.735’e ulasmustur.



Tablo 1. TR33 Bélgesi 2022-2023 Niifus Bilgileri (Tiirkiye Istatistik Kurumu (TUIK), 2025)

. ) Yillik Degisi
il / Bolge / Ulke 2022 Yili Niifusu 2023 Yih Niifusu 1e Degisim
(Binde)
Afyonkarahisar 747.555 751.344 51
Kiitahya 580.701 575.674 87
Manisa 1.468.279 1.475.716 5
Usak 375.454 377.001 4t
TR33 Bolgesi 3.171.989 3.179.735 24
Tiirkiye §5.279.553 85.372.377 .

>

Bir bélgenin stirdurtlebilir kalkinma gostergelerinde niifus orant 6nemlidir. Cinkd bdlgesel kalkinmanin
hiikiimetin, ama her seyden 6nce her bélgenin kendine 6zgi 6zelliklerini ve sorunlarint daha iyi bilen o bélgenin
halkinin sorumlulugunda olmasi gerektigi ileri stirilmektedir (Rezende & Sinay, 2016, s. 400). TR33 bélgesinin ntifus
orani incelendiginde, bdlgenin siirdirilebilir kalkinmast agisindan kayda deger bir degisim gorillmemektedir. TR33
bolgesinin diger strdirilebilir kalkinma gostergeleri incelendiginde, tarim (Yildiim & Karaaslan, 2015), turizm
(Oztiirk, 2024), maden (Dayar & Sandalct, 2016), enetji (Oduncu, 2025), ulasim (Taskin, Saylan & Azimov, 2021)
konularinda ele alnabilecegi gérulmektedir. Kalkinma stirecinde ilkelerin  tim bolgeleri ayni  diizeyde
gelismemektedir. Bazt bélgeler diger bolgelere gére tretim, yatirim, gelir ve gelir dagilimi, egitim, saglik, kentlesme,
nifusun dagilimi gibi ¢ok sayida kalkinma géstergesi acisindan nispi olarak dezavantajli durumda kalabilmektedir
(Keskin, 2023, s. 3). TR33 bolgesi stirdiiriilebilir kalkinma agisindan etkili olabilecegi diistiniilen ve turizm basta olmak
lzere nifus hareketliligini artirmak amaciyla havalimanlart kurulmustur. Bu calismada literatiirde daha 6nce ele
alinmamis olan bolgedeki havalimanlar incelenmektedir.

TR33 bolgesindeki havacilik faaliyetlerinin, bolgedeki sanayi, ticaret ve turizm sektorlerinde hareketlilik
baslattig, bu sebeple bélgeye i¢ gbciin artabilecegi ifade edilebilir. Buna ilaveten yerli ve yabanct yatirimeilarin bélgeye
ilgisi de artabilir. Ozellikle sanayi ve lojistik sektoriindeki isletmeler, havaalanlarinin sagladigr kolay ulasim sayesinde
daha buyik pazarlara agilabilir. Tirkiye geneli bolgelerin Gayri Safi Katma Deger katki siralamasi gbz Oniinde
bulunduruldugunda, TR33 Bélgesi 9. Sirada yer alarak gayri safi katma degere katkist %3,6’dir. Bu oran, bélgenin
buyiime orani gosterdigini ortaya koymaktadir (Yidirim & Karaaslan, 2015, s. 43). Ancak bu biyiime oraninda,
havacilik faaliyetlerinin ne kadar etkili oldugu bilinmemektedir. Bir diger ifadeyle bélgenin biiyime oraninda havacilik
sektoriinlin etkisinin biytk oldugunu gdsteren ¢alismalar bulunmamaktadir.

Havacilik sektord, tasimaciligin en kolay alternatifi olarak tlkeler arast tasimacilikta 6ncii olmustur. Kiiresel
olarak 1980’li yillardan sonra serbestlesme hareketlerinin artmast ve 2003 yilinda Tirkiye’de serbestlesmenin
artmasiyla bolgesel havacilik politikalart 6nem kazanmustir. Bu tarihten sonra havayolu tasimaciliginda kayda deger bir
buyime baslamistir (Yilmaz, 2020, s. 118). Tirkiye’de 2003 yilindaki ticari serbestlesme, Tirk Sivil Havacilik
Sanayii'nin (TSAI) gelisim siirecinde bir déniim noktast olmustur. 2002 yilina kadar sadece Tiirk Hava Yollart iki
merkezden yirmi bes noktaya i¢ hat ucuslart diizenlenmekteydi. Havacilikta serbestlesme adimlariyla birlikte 6zel
sitketler de tarifeli i¢ ve dis hat ucuslar isletmeye baslamistir (Deveci vd., 2022, s. 94).

Havalimanlari hava tasimaciliginin en 6nemli altyapisi olup ulagim aglari icinde en 6nemli diigiim noktalarindan
birisidir (Goékdalay & Kose, 2021, s. 2249). Turkiye’de havacilik faaliyetlerinin hizli gelisimiyle, bolgesel havacilik
politikalart yiriitilmeye baslanmistir. Bu dogrultuda 2012 yilinda Tirkiye’nin ilk bolgesel havalimani olan Zafer
Havalimani acilmistir (Utikad, 2012). 2024 yili itibariyle Sivil Havacilik Genel Mudurligl, Havaalanlart Daire
Bagkanligi’nin yayinladigi rapora gore Tuirkiye’de sivil hava trafigine agik 58 havaalani bulunmaktadir (SHGM, 2024).
Genellikle 'bolgesel' havalimanlari olarak adlandirilan bu havalimanlari, uluslararast baglanuyi ve dolayisiyla ekonomik
bliyiimeyi artirmaya caligan yerel hitkiimetler tarafindan sahiplenilmekte veya desteklenmektedir (Pot & Koster, 2022,
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s. 2). Bu calismada ele alinan TR33 bélgesinde havalimanlarinin yapim asamasindan faaliyetlerine gecis stirecine kadar,
bolgesel kalkinmaya destek amaciyla yapildigr belirtilmistir. Ancak, bolgesel kalkinma i¢in énemli olan sadece bir
havalimanina sahip olmak degil, havalimani faaliyetlerinin buytkligi ve Slcegidir. Bu dogrultuda, niifus buyukliga,
endistri yapilari, insan sermayesi ve ileri teknoloji gibi diger faktdrler kontrol edildiginde, havalimanlarinin etkisinin
boélgesel kalkinmada olumlu ve 6nemli olmaya devam ettigini gérilmektedir (Florida, Mellander & Holgersson, 2015,
s. 197).

Bélgesel havayolu projesi ile hem sektériin biiyiimesine hem de ilave istihdam ve vergi artisiyla iilkenin sosyal
ve ekonomik gelisimine katki saglanmistir (Battal, Yilmaz & Ates, 2000, s. 3). Hava tagimacilig, ulasim sisteminde
onemli bir faktérdiir. Uzun mesafelerde hizh seyahatleri mimkiin kilmanin yani sira, hava tagimaciligi agindaki
tyilestirmeler ekonomik biiylime ve yerel ekonomi kalkinma i¢in bir strateji olarak 6nerilmektedir. Havaalant ulasim
sistemi de yerel ekonomik kalkinmay: cesitli mekanizmalar araciligtyla etkileme potansiyeline sahiptir. Havalimanlari,
bélgeyi daha cekici hale getirmesi bolgesel bir kolaylik olarak yorumlanirsa, bu tir etkiler artan cekicilik nedeniyle
ntfus artisina yol acabilmektedir (Tveter, 2017, s. 63). Bolgedeki niifus artis faaliyetlerinin, yalnizca bolgesel ekonomik
gelisimle sinirlt kalmayip, aynt zamanda ulasim, ticaret, turizm ve sosyal yap: lzerinde de 6nemli etkiler yaratmasi

mumkindiir.

Bolgeler genellikle sinirlart igerisinde bir havalimanina sahip olmaktan buylik gurur duyarlar. Politika yapicilar,
bazilart ne kadar kiigiik olursa olsun, havalimanlarint stirdiirmek icin biylik ¢aba harcamaktaditlar (Pot & Koster,
2022, s. 1). Guniimiizde bir¢cok hikiimet, tilkenin bolgeleri arasindaki baglantiyi iyilestirmek i¢in kamu alaninda hava
tastmaciligt politikalart formile etmektedir. Bunlarin en 6nemlileri; (1) ekonomik, tretken kalkinma, istthdam ve
zenginlik yaratma vb. gibi argimanlar (2) sosyo-politik, bolgesel entegrasyon ve uyum gibi faktdrlerdir (Olariaga, 2021,
s. 396). TR33 bélgesinde havacilik faaliyetlerinin gelistirilmesi ve bolgenin stirdirtlebilir kalkinmasina katk: saglamak
amaciyla bolgesel kalkinma ajanst 6rnek verilebilir. Bolgenin siirdirilebilir kalkinmast amaciyla 2009 yilinda Zafer
Kalkinma Ajanst kurulmus ve 2010 yilinda faaliyetlerine baglamugtir (Oztiirk, 2024, s. 27).

Zafer Kalkinma Ajansi, bolgenin yasam kalitesini artirmak ve strdirilebilir kalkinmay: saglamak amaciyla
calismalar yiriitmektedir. Tirkiye genelinde TR33 Dtuzey 2 bdlgesinin, diger bélgelere oranla sosyo-ekonomik
bakimdan daha hizli bir gelisme kaydettigi ve s6z konusu gelismede Zafer Kalkinma Ajanst’nin 6zellikle 2010 yilindan
itibaren bélgenin kalkinmasina katki ve destek verme ¢abalarinin etkili oldugu ifade edilebilir (Pektas & Demirkol,
2018, s. 80).

Bélgede Kalkinma Ajanslar faaliyet raporlart incelendiginde, bélgede havacilik sektériiniin gelisimine yonelik
faaliyetler bulunmamaktadir. Hedeflenen caligmalar TR33 bolgesinin kentsel yasamin canlandirilmasmna yonelik
altyapilarin glglendirilmesi, bélgede 6nemli sektérlere yonelik faaliyetlerin yiiriitilmesi, mesleki ve teknik egitimin
gliclendirilmesine yoneliktir (Balcioglu, 2020, s. 292). Bu ¢alismalarin havacilik sektériine yonelik artirilmast ve bélge
havalimanlarinin gelisimini destekleyerek, stirdtrtlebilir kalkinmaya bu yénde de katk: saglanmasi 6nemlidir. Havacilik
sektoril, dogrudan istihdam yaratma kapasitesine sahip bir sektdr olarak yerel is giicii i¢in de istthdam imkénlari
sunmaktadir. Béylece yerel ekonomilerdeki issizlik oranlarini diigtirebilecegi 6ngérilmektedir. Havalimanlari, ayrica
bélgesel turizm ve lojistik sektorlerini besleyerek, daha fazla istthdam ve ekonomik biiylime yaratabilecek olanaktadir.
Zafer Kalkinma Ajanst’'nin 2024-2028 Bolgesel Plan’nda yer alan gelir getirici faaliyetlere yonelik hedeflerden biri
turizm faaliyetleriyle gelirlerin artirdmasidir (Zafer Kalkinma Ajanst, 2025, s. 14). Bolgesel havalimanlari, turizmin
cografi yayihimi acisindan 6nemlidir ve TR33 bolgesindeki havalimanlarinin, kalkinma ajansinin turizm hedefini

desteklemesinde rolu vardir.
3. METODOLOH

Bu arastirmada nitel aragtirma yontemleri kullanilmaktadir. Nitel aragtirma, olgularin ortaya ciktiklart baglam
veya algilanabilecekleri perspektifler acisindan olgularin dogasinin incelenmesi olarak ifade edilmektedir (Busetto,
Wick & Gumbinger, 2020, s. 14). Bu yontem, konuya iliskin farkli degerlere ve ilgi alanlarina sahip kisilerin géreceli
bakis acilarini belirlemek ve analiz etmek icin yararhidir (Voyer vd., 2015). Arastirmada, nasil ve nicin sorularina
odaklanmakta, arastirmacinin olaylar tzerinde kontrolintn olamadifl, olayin ya da olgunun kendi dogal yasam
cercevesinde calisildigt bir yontemdir (Subast & Okumus, 2017, s. 420).

Bu arastirmada nitel arastirma yontemlerinden durum calismasi yontemi ile yayinlanmis birincil arastirmalardan
bilgi toplayarak, daha 6nce hi¢ ele alinmamis havacilik sektériiniin TR33 bolgesinde strdirilebilir kalkinmaya
etkilerinin arastirilmast hedeflenmektedir. Bu hedefe ulasabilmek icin bu bélgelerde bulunan havalimanlari, amagh
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orneklem modeli ile incelenmektedir. Amaclt 6rneklem modeli, hedeflenen arastirmanin konusunu olusturan durum
hakkinda derinlemesine bilgi toplamaktir. Amagli 6rneklemede Ornekleme birimlerinin secimi 6zneldir; ¢linki
aragtirmact kendi deneyimine ve yargisina glivenmektedir (Guarte & Bartios, 2016, s. 277). Arastirmada, Ttrkiye’nin
ulusal havacilik otoritesi Sivil Havacilik Genel Mudurligi’nin (SHGM) arsivlerinden ve Devlet Hava Meydanlari
(DHMI) raporlarindan veri kullanilmaktadir. SHGM, Tiirkiye Cumhuriyeti Ulastirma ve Altyapt Bakanligr'na bagl
olarak sivil havacilik alaninda diizenleyici ve denetleyici otoritedir. Tirkiye'deki hava tagimacilit faaliyetlerinin glivenli,
diizenli ve uluslararast standartlara uygun sekilde yiiriitiilmesini saglamakla gorevlidir. DHMI, Tiirkiye Cumhuriyeti
Ulasurma ve Altyapt Bakanligi'na baglt olarak Tirkiye'de havalimanlarinin isletiimesinden ve hava trafiginin
yonetilmesinden sorumlu devlet kurumudur. Buradan hareketle, bu calismanin ilk asamasinda, havacilik sektériinde
strdirilebilir kalkinma etkileri TR33 bolgesi agisindan ele alinarak aktarilmakta ve sonrasinda bolgede bulunan, sivil
ucus faaliyetlerini stirdiiren Kiitahya Zafer Uluslararast Havalimant ve Usak Havalimani derinlemesine arastirilarak,
havalimanlarinin stirdiiriilebilir kalkinmaya etkileri tartistimaktadir.

4. TR33 BOLGESINDE BULUNAN HAVALIMANLARININ DEGERLENDIRILMESI

TR33 Bolgesi'nde Usak Havalimani ve Zafer Havalimani olmak tizere iki adet havalimani bulunmaktadir. Bu
havaalanlari disinda bélgeye yakin illerde de havalimanlart bulunmaktadir. Ornegin Denizli Cardak Havalimani ve
Izmir Adnan Menderes Havalimani, TR33 Bélgesi'ne de hizmet vermektedir (Zafer Kalkinma Ajanst, 2016). Bir
dénem sivil hava tasimaciligi yapan Afyon Havalimant ise ginimiizde sadece askeri havalimani olarak hizmet vermeye
devam etmektedir. 2019 yerel segimlerinde bu havalimaninin sivil uguslara acilmast gindeme gelmistir. Nitekim tim
dinyayt etkisi altina alan ve havacilik sektoriine etkisi biyiik olan Covid-19 salgint ile havalimanlarinin durumu
belirsizliklerle karst karstya kalmistir. Ancak o tarihten bu yana, bélgede yer alan havalimanlarinin canlandirilmast
konusunda ciddi stkintilar oldugu gézlemlenmistir. Bu konuda 6zellikle Devlet Hava Meydanlari Isletmesi’nin
yayinladigi faaliyet raporlari incelenmistir. Yayinlanan rapordan elde edilen verilerin sonuclarinin degerlendirilmesi
icin bélgedeki havalimanlarina yonelik caligmalar ve stirdiiriilebilir kalkinma faaliyetleri incelenmistir. Kiitahya Zafer
Uluslararast Havalimant i¢in Zafer Kalkinma Ajanst’nin galismalari, Usak Havalimam icin Tirkiye Buyiik Millet
Meclisi’nde ifade edilen c¢alismalar ele alinmustir. Bélgedeki havalimanlarinin, bdlgenin strdirtlebilir kalkinmasina

etkilerinin ortaya konulmasi ve gelecek senaryolarinin ortaya konulabilmesi amactyla, havalimanlari degerlendirilmistir.
4.1. Kiitahya Zafer Uluslararas1 Havalimani

Turkiye’nin ilk bolgesel havalimani olan Kiitahya Zafer Uluslararast Havalimani, Kitahya ilinin Altintas
ilgesinde 2012 yilinda hizmete acilan ve acildigi tarih itibariyle Ttrkiye’nin dérdiinct biyik havalimanidir. Sivil
havalimani statiisinde olan Zafer Havalimani’nin ICAO (Uluslararas: Sivil Havacilik Organizasyonu) kodu LTBZ,
IATA (Uluslararast Hava Tasimaciligi Birligi) kodu KZR ve en yakin merkeze uzakligt 40 km ile Kitahya’dir. Zafer
Havalimant’nin teknik bilgileri Tablo 2’de verilmistir.

Tablo 2. Zafer Havalimani Teknik Bilgileri

Isletici Yap-Islet-Devret
Pist Sayis1 1

Pist Uzunlugu 3.000 m X 45m
Apron Kapasite 3 Ugak Park Alan
Toplam Kapali Alan 27.726 m?
Toplam Terminal Alam1 17.620 m?
Toplam Faaliyet Alani 3.248.890 m?

Kitahya-Afyonkarahisar-Usak illerine hizmet vermesi sebebiyle bolgesel havalimant olan Zafer Havalimanr’nin
acilmasinin amaglarindan biri, bolgenin sturdirilebilir kalkinmasini desteklemektir. Kiitahya ve Afyonkarahisar iller,
termal tesisleri ile 6n plana ¢tkan ve yerel turizme katki saglayan sehirlerdir. Afyonkarahisar ili, termal-kaplica turizmi
ile termal turizmin baskenti olarak ele alinmakta (Cetin, 2010, s. 1506), kara ve demiryolu ulastm aglarinin oldukga
elverisli olmast sebebiyle yerel diizeyde hizmet vermektedir (Tas, 2012, s. 140). Kitahya, jeotermal kaynaklart
agisindan Tiirkiye’nin en zengin illerinden olmakla birlikte yeterli turizm ivmesi saglayamamis (Onder, Ozgelik &
Odabast, 2010, s. 49), bolgede agilan Zafer Havalimani ile turizm potansiyelini artirabilme giicii olan sehirlerden biridir
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(Sapcilar & Tlyasov, 2021, s. 39). Yerel turizm acisindan desteklenen bu sehirlere, Zafer Havalimani yabanci turist
¢ekmek ve bolge ekonomisine katkida bulunmak hedeflenmistir.

Tirkiye’de havalimanlarinda havacilik faaliyetlerine yonelik arastirmalar her yil Devlet Havalimanlar Faaliyet
Raportlarinda yaymlanmaktadir. 2023 yili faaliyet raporunda Turkiye’de sivil ucak trafigine acik 58 havalimani
degerlendirmeye alinmistir. Buna gére 58 havalimanina inis-kalkis yapan ucak sayisy; i¢ hatlarda 869.404, dis hatlarda
ise 816.473 olmak tizere toplam 1.685.877 olmustur. Ugak semasinda bir 6nceki yila gbre %13,3 oraninda bir artis
gozlemlenmistir. 2023 yilinda i¢ hat %10,6, dis hat ise %16,2 oranindadir. 2023 yilinda toplam ugak sayist icindeki i¢
hat ucak sayisinin payt %52'dir. Zafer Havalimani ugak trafiginin 2019-2023 yillar1 arasinda i¢ hat ve dis hat ucak
trafigi Tablo 3’te gosterilmektedir (DHMI, 2024).

Tablo 3. Zafer Havalimani 2019-2023 Ucak Trafigi

Yil IgHat DigHat Toplam  Degisim (Yiizde)

2019 664 229 893 -

2020 362 74 436 51,17
2021 639 48 687 57,56
2022 1.204 269 1.473 114,41
2023 5.144 438 5.582 278,95

2019 yihinin son geyreginde ortaya ctkan ve kisa siirede tim diinyay: etkileyen Covid-19 pandemisi, seyahat
pazari i¢in arz ve talep zincirindeki kesintiler nedeniyle diinya ¢apinda bir ekonomik dusiis dalgast baslatmustir. Bu
digiistin biyiik havalimanlarina gore boélge havalimanlarini daha ¢ok etkiledigi bilinmektedir. Salgin sebebiyle,
havacilik endustrisinde tiim faaliyet alanlarinda ve endiistri ile iliskili nerdeyse tiim sektorlerde is kayiplart olmus;
sonucunda bu durumun sektdre yansimasi yolcu ve kargo gelirleri basta olmak tizere, yolcu biletlerinin iadesi, artan
sabit maliyetler ve yerde duran ugaklarin park tcretlerindeki gider artiglart vb. olmustur (Nhamo vd., 2020, s. 89).
Salginin Zafer Havalimant’nda gériilen etkileriyle Tablo 3’te goriildiigi gibi 2020 yilinda ugak trafigi bir 6nceki yila
gore nerdeyse yart yartya dislis yasanmustir ve %51,17 azalis gbrillmektedir. Salgin sonrast normallesme siireclerinin
kiiresel anlamda yavas ilerlemesinden dolayi, 2021 yilinda i¢ hat ucak trafigi artis gérilmesine ragmen, dis hat
ucuslarinda disis gorilmektedir. Bir 6nceki yila gore toplamda %57,56 artis gbzlemlenmektedir. 2022 yilt itibariyle
ucak trafiginde ciddi bir artig gbrilmektedir. Bir 6nceki yila gére toplam ugus sayisinda %114,41 artis goriilmektedir.
Bu oran 2023 yilinda daha da artarak %278,95 olarak tespit edilmistir.

DHMI 2023 Faaliyet Raporu’na gore 2023 yilinda “i¢ hat yiik (kargo+posta+bagaj) trafigi %7; dis hat yiik
(kargo+postatbagaj) trafigi ise %06,8 oraninda artmustir”. Rapora gbre Zafer Havalimant yolcu trafigi Tablo 4’te

goOsterilmistir.

Tablo 4. Zafer Havalimani 2019-2023 Yolcu Trafigi

Yil igHat DigHat Toplam  Degisim (Yiizde)

2019 57.741 24.285 82.026 -
2020 9.605 7.040 16.645 79,7
2021 18.615 4.314 22.929 37,75
2022 28.723 28.374 57.097 149,01
2023 36.986 48.776 85.762 50,20

Covid-19 pandemisi sebebiyle 2020 yilinda yolcu trafiginde %79,7 dists yasanmistir. 2021 yili itibariyle ise bir
onceki yila gore yolcu trafiginde artis baslamus, 2022 yilinda %149,01 artis goriliirken, 2023 yilinda bir 6nceki yila
gore %50,20 artis gérilmektedir.

2023 yilinda Trkiye geneli “57 havalimanin, 838.757 tonu i¢ hat ve 3.609.108 tonu dis hat olmak tizere, toplam
4.447.865 ton yik (kargo+postatbagaj) trafigi gerceklesmis olup, 6nceki yila gbre %06,8’lik bir artis gerceklesmistir™.
Zafer Havalimanr’na ait yiik trafigi ise Tablo 5’te gosterilmektedir.



Tablo 5. Zafer Havalimani 2019-2023 Ytk Trafigi — Ton (Kargo+Posta+Bagaj)

Yil Ig Hat DigHat Toplam  Degisim (Yiizde)

2019 486 534 1.020 -

2020 81 157 238 76,66
2021 182 85 267 12,18
2022 266 517 782 192,88
2023 335 983 1.318 68,54

2019 yilinda 1.020 ton olan toplam yiik trafiginin, 2020 yilinda tiim dinyay: etkisi altina alan salgin sebebiyle
238 ton oldugu gorilmektedir. Bir diger ifadeyle %76,66 oraninda bir disis gorilmektedir. 2021°de baglayan
normallesme sitirecinde, bir 6énceki yila ciddi bir artis gérillmemektedir. 2022 yilinda ise bir énceki yila gére %192,88
artis gorulmektedir. 2023 yilinda yiik trafigi, bir 6nceki yila gbre artmaya devam etmistir.

4.1.1. Kiitahya Zafer Uluslararas1 Havalimant’nin siirdiiriilebilir kalkinmaya muhtemel etkileri

Havalimanlarinin bolgeye olan katkilari acisindan Kiitahya Zafer Uluslararast Havalimant’nin ticari yatirimlarda
artts, bolge ekonomisine katkisi, lojistik altyapinin gelisimi, turizm faaliyetlerinde artis ve istthdama katkist acisindan
TR33 bolgesinde siirdirilebilir kalkinmaya etkileri olmustur. Zafer Havalimani ingaati basladigi glinden itibaren
bélgeye istihdam saglamaya baglamistir. Havaalant insaati ve isletmesi, ingaat is¢iliginden hizmet sektérine kadar genis
bir is giicii talebine yol agmustir. Insaatin basladigi giinden itibaren bolgeye yapilan yatirimlarin, 6zellikle de termal
tesislerin sayisinda artis olmustur. Havalimaninda gorevlendirilen personel ve yeni agilan termal tesislerdeki
personeller bélge halkinin kalkinmasina dolayisiyla bélgenin kalkinmasina yardimer olmugtur (Ugar & Akman, 2019).
Zafer Havalimaninin gelecegine yonelik toplantilarin yapilmasi, ekonomik gelisme adina énemli bir adim olarak ifade
edilitken, havalimani baglantt yollarinin genisletilerek kaliteli bir kara ulagimina sahip olunmasi da bdlgenin
gelismesinde ve refah seviyesinin yiikselmesinde etkili olmustur (Zafer Kalkinma Ajansi, 2016, s. 90).

Zafer Bélgesel Havalimani'min kullanimi agildigt yildan itibaren hizla artmaktadir. Tum dinyada sektort aynt
anda olumsuz etkileyen Covid-19 pandemisine ragmen, i¢ hat ve dis hat yolcu ve yik tasimaciliginda artis devam
etmistir. Bolgeyi temsil eden ulusal siiregler ve hizli tren projeleri, yeni karayolu yapim calismalart ve Snerilen
programlar gibi farkli yatrimlar gbz 6ninde bulundurulabildigi, Zafer Havalimani'ndaki kullanimin artirilacagy
belirtilir. Havaliman’nin hizli tren-otoyol ve konvansiyonel demiryolu entegrasyonlarinin saglanmasi ile bolgenin
strdirtlebilir kalkinmasinda olduk¢a 6nemli adimlarin atilabilecegi 6ne siirtilebilir (Zafer Kalkinma Ajansi, 2016, s.
91).

4.2. Usak Havalimani

1998 yilinda hizmete acilan Usak Havalimani, ge¢misten giiniimuze belirli dénemlerde uguglara kapatilmis ve
belirli dénemlerde tekrar agilmistir. Acildigt yildan itibaren 2001 yilina kadar hizmet veren ve Bakanlar Kurulu’'nun
16.10.2001 tarihli “Kuruluglarca 2002 yilinda alinacak ilave tasarruf tedbirleri” konulu talimatlar1 dogrultusunda zarar
ettigi gerekgesiyle 31.01.2002 tarihi itibariyle kapatilan Usak havalimani (Karaca, 2015, s. 27), 2006 yilinda tekrar
acilmis ve uguslara baslanmustir. Yolcu azligi nedeniyle 2006 yilindan 2011 yilina kadar tekrar kapatilan havalimani,
2014 yilina kadar tarifeli ucuslara kapatimistir (Doganay & Deniz, 2014, s. 15). 2012 yilinda Zafer Havalimant’nin
hizmete ac¢ilmasi nedeniyle ucuslart durdurulan, 2012 ve 2013 yillarinda hizmet disinda birakilan havalimani, yerel
halkin baskist sebebiyle 2014 yilindan itibaren tekrar uguslara acilmustir (Karaca, 2015, s. 45). ICAO kodu LTBQ,
IATA kodu USQ ve sehir merkezine uzaklig 7 kilometredir. Havalimant’min teknik bilgileri Tablo 6’da gésterilmistir.

Tablo 6. Usak Havalimani Teknik Bilgileri

Isletici Devlet Hava Meydanlari Isletmesi
Pist Sayis1 1

Pist Uzunlugu 2.560 m X 45m

Apron Kapasite 1 Ugak/saat

Toplam Terminal Alani 1.460 m?

2014 yili 6ncesinde tarifesiz uguslarin yapildigt Usak havalimaninin yurtdist uguslarda pek kullanidlmadigy; 2007—
2012 yillart arasint iceren dénemde dis hatlara sadece 28 ugus yapildigt gériilmektedir. Bu uguslarin da “charter flight”
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olarak adlandirilan tarifesiz ucuslar seklinde oldugu, cogunlukla Usak iline 6zel amaclt ya da saglik amacli seyahatler
ile organize sanayi bolgelerinde faaliyet gosteren firmalar ile ticaret amaciyla yapildigt ifade edilmektedir (Doganay &
Deniz, 2014, s. 17). 2014 yilindan itibaren Usak Havalimani ve Istanbul Sabiha Gokgen Havalimani arasinda karsilikls
seferler diizenlenmeye baglanmustir. 2014 ve 2015 yillarinda havalimanina yapilan ucuslar incelendiginde,
havalimaninin kapasitesini yeterli kullanmadig1 gériilmektedir (Yalcin, 2018, s. 100).

Devlet Havalimanlar: 2023 Faaliyet Raporu verilerine gore, Tiirkiye genelinde sivil ticari ugak trafigine agtk 57
havalimanina inen-kalkan ugak trafigi bulunmaktadir ve bu havalimanlart arasinda Usak Havalimani 2023 yilinda
toplam trafigi 5.771°dir. Usak Havalimani ucak trafiginin 2019-2023 yillar1 arasinda i¢ hat ve dis hat ucak trafigi Tablo
7’de gosterilmektedir (DHMI, 2024).

Tablo 7. Usak Havalimani 2019-2023 Ucak Trafigi

Yl I¢Hat DigHat Toplam  Degigim (Yiizde)

2019 6.704 9 6.713 -

2020 6.861 11 6.872 2,36
2021 5.400 11 5.411 21,26
2022 6.016 20 6.036 11,55
2023 5.768 3 5.771 4,39

Covid-19 pandemisi 2019 yilinin son ¢eyreginde ortaya ¢ikmast, 2020 yilinda havacilik endustrisinde diinyada
ilk kez gértilmemis kiiresel bir etki yaratmustir. Salgin, diinya capinda seyahat ve turizm endustrisi tizerinde yikict bir
etkiye sebep olmustur (Dube, 2022, s. 1). Bu etki, Usak Havalimani’nda 2020 yili yolcu trafiginde gérilmektedir. Tablo
8de goruldigi gibi 2020 yilinda yolcu trafiginde bir énceki yila gére azalma gérilmektedir. 2020 yili sonrasinda
ucuslarda ciddi azalma gérilirken (%99,30 disis), 2022 yilinda yolcu trafigi tamamen durmustur. Salgin sonrasinda
sektoriin toparlanmasinda tim havacilik isletmeleri farkl stratejik kararlar vermistir ve bunlardan biri de yolcu sayist
yitksek olmayan bélgelere ucuslarin yapilmamasidir. Buradan hareketle, Usak Havalimant’nda yolcu sayist azhigindan
dolayt havayolu sirketlerinin bdlgeye ucus yapmadigini ifade etmek mimkindiir. 2023 yilinda ise havalimanint toplam
56 yolcu kullanmustir.

Tablo 8. Usak Havalimani 2019-2023 Yili Yolcu Trafigi

Yil Ic Hat DigHat Toplam  Degisim (Yiizde)

2019 27.475 508 27.983 -
2020 6.792 708 7.500 73,19
2021 52 - 52 99,30
2022 - - - -
2023 30 26 56 -

2023 yilinda Tirkiye genelinde “57 havalimaninda toplam 4.447.865 ton yuk (kargo+posta+tbagaj) trafigi
gerceklesmistir”. Usak Havalimant’na ait yiik trafigi ise Tablo 9’da gosterilmektedir. Usak Havalimant ytk trafigi
Covid-19 pandemisi sonrasinda disis ile karsilasmis (%099,84 dusis) ve 2022 yilinda ucuslarin durdurulmasiyla yik
trafigi de durmustur.

Tablo 9. Usak Havalimani 2019-2022 Yik Trafigi — Ton (Kargo+Posta+Bagaj)

Yil I¢Hat DigHat Toplam  Degisim (Yiizde)

2019 197 12 209 -
2020 51 13 64 69,37
2021 0,1 - 0,1 99,84
2022 - - - -
2023 0,5 0,2 1 -

4.2.1. Usak Havalimans’nin siirdiiriilebilir kalkinmaya muhtemel etkileri

TR33 Bélgesinde yer alan Usak ili 1966 yilinda Ankara ve Izmir sehirleri arasinda devlet karayolu tamamlanmast
ile kentsel gelisme goriinir bir sekilde baslamis ve bu gelisme 1980 yilinda hizli bir ivme kazanmustir (Adigiizel &
Balta, 2021, s. 20). Gelisen ve biytiyen bir il olarak aldigi gbcler, 6grenci sayisindaki artis ilin nifusunu artirmistir.
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Usak’ta ulasim sorunlarinin ¢6zimd icin glinlimiz sartlarinda rayli sistem uygulamalari kullanilmaktadir (Kara, 2019,
s. 59). Bir diger ulasim modu hava yolu tasimaciligidir. Yolcu taleplerinin gore degiskenlik gésterdigi ifade edilerek,
kuruldugu yildan bu yana bir acilan bir kapatilan Usak Havalimani, 2014 yilinda tarifeli seferlerin baglamastyla bolgeye
katki saglanacagi digintlmuistur. Ancak 2019 yilinda gérillen Covid-19 pandemisi ile uguslarin tekrar durduruldugu
havalimani, bélgenin strdirilebilir kalkinmasina yonelik tartismalara yol agmustr.

Acildigt yildan itibaren ¢ok kez uguslart durdurulan Usak Havalimani, ciddi bir problem olarak Ttrkiye Biyik
Millet Meclisi’nde soru 6nergesi olarak verilmistir (Arasl, 2023). Zafer Havalimani agildigt icin kapatildigi ifade edilen
Usak Havalimant’nin yolcu uguslarina acilmast kent icin ciddi bir prestijdir. Ancak havalimaninin ucuglara agilmasi ve
tekrar kapanmast sorunu siirekli yasanmaya devam etmektedir. Problemlerin ¢6ziimiinde havalimant icin 6nerilen
stratejilerden biri ‘stokaj havalimani projesinin’ uygulanmast konusudur. Stokaj havalimani projesi, uzun siire
havalimaninda kalan ucaklarin durumuyla ilgilenmek anlamina gelmektedir. Bir diger ifadeyle, bir haftadan daha uzun
bir siire meydanda kalacak ucaklarin bakim, onarim islemlerini yapmak ve olast el konulmus bir ugak olmasi
durumunda da ucagin hukuki ve mali islemleri ile ilgilenmektir (Airport, 2023). Stokaj islemi Covid-19 pandemi
déneminde operasyondan ¢ekilmek zorunda kalinan Ttrk Hava Yollart Anonim Ortakhigt (THY A.O.) ugaklarinda
uygulanmistir. Havalimaninda bekleyen ugaklara stokaj alma islemleri yapimistir. Stokaj esnasinda periyodik kontrol
bakim kartlari yayinlanmig, kartlarin uygulanmast esnasinda bakim birimlerinin karsilastiklart zorluklar icin ucak ve
motor imalatcilart ile koordineli olarak ¢oztimler gelistirilmistir. Ucaklarin sefere verilebilmesi i¢in stokajdan ¢ikarma
kartlar yayinlanmustir. Siire¢ boyunca ugak imalatgilarinin, havacilik otoritelerin ve diger havacilik iist kuruluslarinin
tavsiyeleri yakindan takip edilerek gerekli tedbitler alinmustir. Sefere verilen ugaklarin planh bakim islemlerinin
Otelenebilmesi konusunda imalat¢t yaymlart ve Sivil Havaciik Genel Mudurligi genelgelerine uygun sekilde
miuhendislik ve planlama ¢alismalart yapilmustir (Turkish Technic, 2021, s. 42). Usak Havalimani icin stokaj projesi,
bélgedeki yerel yonetimler ve halk tarafindan istenmemektedir (Usakolay, 2023).

Usak Havalimanr’na yonelik havacilik faaliyetlerinin artirilmast, bélgeye yapilacak yatirimlarda ve bolgenin
sturdiirtlebilir kalkinmasinda etkisi olacagi disiinilmektedir. Ancak bu durumun strdirilebilirliginin saglanacagini
garantileyen herhangi bir ¢alisma gérilmemektedir. Bu dogrultuda basta Usak Havalimant isletmecisi olmak tizere,
havacilik paydaslart ve ilgili kalkinma ajanslart ile calismalarin yuriitiilmesi gerekmektedir. Tim bu sonuglardan
hareketle, Usak Havalimant’nda istikrarh ucuslar saglanmasi ve havalimaninin diger tim sektotleri destekleyecegi ve
béylece TR33 bolgesinin strdirilebilir kalkinmasinda énemli rol oynayacagi degerlendirilmektedir.

5. SONUC

Surdurilebilir kalkinma gelecekteki ekonomik, sosyal, kiiltiirel, cevresel, teknolojik kalkinma i¢in temel bir
ihtiyactir ve giinimiizde havacilik endustrisinin temel konusu olarak ele alinmaktadir. Hava tagimaciligi, mallarin hizli
ve glvenli taginmasi, uluslararast ticaretin artmast icin 6nemli bir altyapidir ve bolge tastmaciliginin gelistirilmest,
bélgeye olan niifus hareketliliginin artmasi, ticaretin canlanmast ve stirdirtlebilir kalkinmaya katki saglamast acisindan
etkilidir. Bu dogrultuda Tirkiye’de TR33 bolgesinde havacilik faaliyetleri, bolgede sivil uguslarin baglatilabilmesi i¢in
acilan havalimanlari ile baslamistir. Ancak agildiklart tarihlerden beri havalimanlarinin yolcu talepleri 6ne strtlerek
tam faaliyete gecememesi, istline 2019 yilinda sektérii durma noktasina getiren Covid-19 pandemisi ile gelecege
doniik belirsizliklerin artmast ve giiniimiizde bu havalimanlarina yonelik ciddi stratejik planlarin uygulanamamast,
bélgenin stirdirilebilir kalkinmasinda beklenen etkiyi gdstermedigini ortaya koymaktadir.

TR33 bolgesinde, sivil hava tasimaciligi yaparken uguslari durdurulan ve askeri havalimani olan Afyon
Havalimani, ticari ucuglara bir acihip bir kapatilan Usak Havalimani ve Tiurkiye’nin ilk bolgesel havalimant olarak
beklenilen ivmeyi kazanamayan Zafer Havalimani bulunmaktadir. Bolgenin ulasim altyapisinin glicli olmasi, diger
bolgelerle baglantisinda 6nemli ticaret noktast olmasi, turizm agisindan potansiyelinin bulunmast ve giin gectikce gb¢
alan bir bolge olmasi sebebiyle, bolgedeki havalimanlarinda uguslarin sirekliliginin saglanmasi ve ugus sayilarinin
artirtlmasi, bolgenin cazibesini artirabilecegi ve strdirilebilir kalkinmada 6nemli bir rol oynayabilecegi ifade edilebilir.

TR33 bolgesinde havacilik faaliyetlerinin artirilmasina yonelik yapilacak faaliyetlerde talep yetersizligini ortadan
kaldirabilmek adina, yerel yonetimlerin bélgede stratejik stirdirilebilir kalkinma planlari dogrultusunda havacilik
isletmeleri ile birlikte kararlar almalari gerekmektedir. Ornek olarak yerel yonetimlerin bélgedeki ticaret ve turizm
faaliyetlerinin canlandirilmast adina calismalarini stirdiiriitken, havacilik isletmelerinin bélgeye gerceklestirilecek
ucuslarda istikrarlt olmalart saglanmalidir.
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TR33 bolgesinde yer alan havalimanlarinin bolgeye katkilarint artirabilmek igin altyapr yatirimlari yeterlidir;
ancak stratejik planlarin yapilmast ve uygulanmasi biyik bir zorunluluk olarak gérilmektedir. Bu dogrultuda hedef
odakli ugus planlamalarinin yapilmasi, bir diger ifadeyle sezona yénelik ucuslar planlanabilir. Ozellikle sezonun yogun
oldugu dénemlerde havayolu sirketlerine inis-kalkss, yer hizmetleri, yakit gibi alanlarda indirim veya tesvik saglanmast
mumkindir. Bélgede ucus okulu, bakim-onarim merkezi (MRO), hava ambulans hizmeti gibi alternatif kullanim
olanaklarinin gelistirilmesi, havalimanlarinin kullanilmasi agisindan etkili olabilecegi diisinilmektedir.

Bolgede yer alan iki sivil havalimaninin faaliyetlerinin arttirilmasi, yurt dist ve metropol baglantilarinin
gelistirilmesi acisindan O6nemlidir. Bu baglantilarin gelistirilmesi, bolgenin strdirilebilir kalkinmasina dogrudan
katkida bulunacagi dusunilmektedir. Usak Havalimani'nin yil boyunca faaliyette olmasi, Zafer Havalimani’nda ise
ucus yapilan nokta sayisinin artirilmast ile yeni firmalarin ve hizmetlerin boélgeye ¢ekilebilir. Bu dogrultuda, TR33
bolgesinde gerceklestirilen havacilik faaliyetlerinin, bir diger ifadeyle havacilik sektérintn, bolgenin strdirilebilir
kalkinmasinda etkili olabilecegi beklenebilir.
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Abstract. An aircraft maintenance training is provided through vocational courses and higher education institutions in Tirkiye, as it is
worldwide. In Turkiye, vatious institutions, including the Faculty of Aviation and Astronautics, Aviation Vocational High Schools, Civil
Aviation Colleges, and university-affiliated Vocational Schools, provide aircraft maintenance training. Technicians in mechanical and avionics
fields are trained through these programs. University-level departments such as Airframe and Engine Maintenance, Aircraft Maintenance and
Repair, Aviation Electrics and Electronics, and Aircraft Technology provide curricula aligned with industry requirements and international
standards. One of the challenges faced in the aviation industry is the recruitment and participation of women in technical roles. Statistical data
clearly reveals a significant gender imbalance in the aviation workforce, with women representation markedly lower than that of males. The
gender imbalance is even more pronounced in the aircraft maintenance industry, where women remain significantly underrepresented in
technical positions. This underrepresentation also extends to other areas of the aviation industry, including roles such as pilots, flight attendants,
and air traffic controllers. This study aims to examine the enrollment trends of women students in aircraft maintenance departments at
universities in Tirkiye. Thetrefore, the study employs quantitative and descriptive research design. Enrollment data from aircraft maintenance
departments at universities in Tirkiye was collected between 2020 and 2024 and analyzed using frequency and percentage distributions to
examine gender-based trends. The findings indicate that women enroll in these departments at significantly lower rates than their male
counterparts, and that there is a persistent gender gap in technical aviation education.

Keywords: Aircraft maintenance, maintenance technician, maintenance education, women in aviation.

Arastirma Makalesi

Hava araci1 bakiminda kadinlar: Hava araci bakim egitiminde cinsiyet analizi

Oz. Ugak bakim egitimi, diinyada oldugu gibi Tirkiye’de de mesleki kurslar ve yiksekogretim kurumlart araciligiyla verilmektedir. Tirkiye’de
Havacilik ve Uzay Bilimleri Fakilteleri, Havacilik Meslek Liseleri, Sivil Havacilik Yitksekokullart ve tniversitelere baglt Meslek Yiiksekokullart
gibi gesitli kurumlar ugak bakim egitimi sunmaktadir. Bu programlar araciligiyla mekanik ve aviyonik alanlarda teknisyenler yetistirilmektedir.
Govde-Motor Bakim, Ugak Bakim ve Onarimi, Havacilik Elektrik ve Elektronigi ile Ugak Teknolojisi gibi tiniversite diizeyindeki bélumler,
sektor ihtiyaglari ve uluslararast standartlarla uyumlu mifredatlar sunmaktadir. Havacilik sektériiniin karstlastigt 6nemli zorluklardan biti, teknik
alanlarda kadimlarin istihdami ve bu alanlara katliminin artirilmastidir. Istatistiki veriler, havacilik is giiciinde ciddi bir cinsiyet dengesizligi
oldugunu agtkea ortaya koymaktadir; kadinlarin temsil oran, erkeklere kiyasla belirgin sekilde disiiktiir. Bu durum, pilot, kabin memuru ve hava
trafik kontrolorii gibi alanlarda dahi gbzlemlenirken, 6zellikle ugak bakim sektdriinde kadinlarin temsili ¢ok daha siurlidir. Bu ¢alisma,
Thrkiye’deki tiniversitelerin ugak bakim bélimlerine kadin égrencilerin kayit egilimlerini incelemeyi amaglamaktadir. Bu dogrultuda ¢alisma,
nicel ve betimsel bir arastirma deseni benimsemektedir. Tiirkiye’deki tiniversitelerin ugak bakim bélimlerinden 2020-2024 yillart arasindaki kayit
verileri toplanmis ve cinsiyete dayali egilimleri analiz etmek amaciyla frekans ve yizde dagiimlar kullanidmistir. Bulgular, bu béliimlere kadin
ogrencilerin erkek 6grencilere kiyasla belirgin bicimde daha diisiik oranlarda kayit yaptirdigint ve teknik havacilik egitiminde kalict bir cinsiyet
farkinin varligint stirdiirdéiglini ortaya koymustur.

Anahtar Kelimeler: Ucak bakimi, bakim teknisyeni, bakim egitimi, havacilikta kadin.
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Women in aircraft maintenance: A gender analysis in aircraft maintenance training

1. INTRODUCTION

Aircraft maintenance operations are carried out to ensure that aircraft completes their flights safely and
effectively. It must be lowered to prevent problems or malfunctions that may occur before, during, or after the flight.
Carrying out aircraft maintenance operations in accordance with the specified rules and order is of great importance
for the aircraft to complete the flight safely (Gunes, Turhan, & Yorik Actkel, 2022). An efficient maintenance system
is an important factor in achieving the airline's cost objectives. Minimal flight cancellations, delays and air returns to
be obtained by the efficient implementation of necessary maintenance will benefit organizations in this way (Van den
Bergh, De Bruecker, Belién, & Peeters, 2013). Maintenance operations are carried out by maintenance technicians in
hangars and aprons with expertise and necessary competencies. Some of the competencies that maintenance

technicians should have, technical competencies, safety culture, human factors, and English language proficiency.

An examination of job advertisements for maintenance technicians, along with relevant studies, reveals that
the number of women employed in the aircraft maintenance industry remains considerably lower than that of men.
This is observed despite the understanding that gender should not be regarded as a determinant in recruitment
preferences. Increasing the women's workforce in every industry for the welfare of society will positively affect
women's employment. The fact that the gender balance in business life is not fully achieved causes women to be
weak in terms of workforce in most professions. According to the research, it is seen that the women workforce is
insufficient in the aviation industry. When the data is examined, it is seen that the women workforce rate among
maintenance technicians and airline managers is less than 5%. This percentage indicates high levels of gender
imbalance in the maintenance technician and airline management professions. Among the pilots, the women
workforce is between 5% and 10%. The reason for this may be due to the excess of gender imbalance because of
seeing maintenance technician and pilot as a masculine job (Lutte, 2019).

Aviation has historically been a male-dominated field. However, it was their sister, Katherine Wright, who
encouraged the Wright brothers, who built bicycles and are considered as the beginnings of aviation, to pursue their
dream of flying. Although he was the first man to take to the air, it was only five years later that a woman flew the
plane. Even though women have been in the aviation industry almost as long as men, it is still a very male-dominated
field (Wilson, 2004). Studies have explored factors influencing this gender disparity, revealing that women's
perceptions of physical limitations, career appropriateness, work environment safety, social acceptance, and
advancement opportunities are interconnected Men's perspectives on these issues differ significantly from women's,
particulatly regarding work environment safety and social acceptance (Clark, Newcomer, & Jones, 2018).
Interestingly, research shows no statistically significant difference between men and women in most factors
influencing the selection of aviation maintenance programs, with both genders citing passion, interest, and aptitude
as primary motivators (Habig & Marete, 2023). To address this gender imbalance, exploring effective strategies
employed in other STEM fields to attract women may provide valuable insights for enhancing women participation
in the aviation maintenance industry (Rouscher, 2021). Ferla and Graham investigated why women are
underrepresented in the commercial aviation sector. Interviews and reviews of agency reports revealed that women
face vatrious barriers to entry, career advancement, and the workplace. The study highlights the aviation sector's
inadequate recruitment and retention of women, which could negatively impact sector growth. It also recommends
inclusive policies and supportive practices to increase female employment (Ferla & Graham, 2019). The study
"Reshaping Gender in Airline Employment" indicates that gender equality policies in the aitline industry are largely
limited to the pilot profession, hindering their inclusion in other professional groups. The study's analysis, conducted
with a feminist poststructuralist approach, argues that traditional gender roles are strongly present in airline discourse
and that more holistic policies encompassing all professions are necessary for organizational transformation (Smith,
Cohen, Kimbu, & de Jong, 2021). Newcomer et al. (2018) examined men's perceptions of women's suitability for this
field, career advancement opportunities, workplace safety, and social acceptance in aircraft maintenance engineering,
one of the professions with the largest employment imbalance among women. Responses from 587 men were
analyzed, and significant differences were found between men's and women's perceptions of job security and social
acceptance (Newcomer, Clark, Button, & Weiland, 2018). Eitelberg examined the rise of women and minority groups
in the military aviation maintenance field. The study addresses the growing role of these groups in military
maintenance technicians and evaluates the potential impacts and challenges of this approach (Eitelberg, 1990).
According to Boeing data, 649000 pilots, 690000 maintenance technicians and 938000 cabin crew will be needed until
2042. Considering these numbers and the competency expectations of the aviation industry, it is inevitable to develop
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women's employment in the aviation industry (Boeing, 2023). Fewer than 20% of aviation employees are women.
Occupations with the most significant gender gap in aviation; pilot, maintenance technician and senior management
positions. The occupations with the highest gender gap are airline pilots (5%), maintenance technicians (2.6%) and
aviation managers (3%). While women constitute 47% of the total workforce in the USA, they constitute 31.4% of
the total number of employees in Turkiye (Lutte, 2021), (TSI, 2023). In Turkish civil aviation organizations, the rate
of women employees by occupation is 65% in cabin services, 30% in engineers, 3.5% in pilots and 1.7% in
maintenance technicians (Directorate of General Civil Aviation, 2018). One of the main concerns regarding the issue
is that the proportion of women working in aviation has not changed significantly over time. Although it is pleasing
that the total number of women employees holders has increased in the last 60 years, there has been a very small
change in the ratio of women to total employees. Over a 60-year period, the percentage of women commercial pilots
has changed by about 1% per decade and increased by about 0.5% in maintenance technicians (Lutte, 2021).

According to Federal Aviation Administration (FAA) data, the rate of women employees in 2020 is 79.2% in
cabin crew, 19.7% in dispatchers, 16.8% in air traffic controllers, 11.6% in engineers, 5.6% in pilots and flight
engineers and it is 2.6% in maintenance technicians (Lutte, 2021). As the results show, the ratio of women employees
is the least in maintenance technicians. The five biggest barriers to women working in aviation are; negative culture,
cost of entry, family/life/work balance, training-related issues and lack of support (Lutte & Mortison, 2022). In
addition, implicit prejudice, discrimination, lack of women in leadership positions, and the need to provide more

suppott to young people are also barriers for women to work in aviation (Lutte, 2021).

According to International Civil Aviation Organization (ICAO) data, as of 2021, only approximately 3% of
aircraft maintenance technicians worldwide are women. FAA data shows that the proportion of women in
maintenance technicians has reached only 2.6% over the last 60 years, and the increase is very slow (FAA, 2022). It
is emphasized that women still face a significant underrepresentation in technical fields other than piloting, with rates
remaining around 3% in senior positions (Yantkoglu, Kili¢, & Kii¢tikonal, 2020). In Tirkiye, 32% of technician
candidates taking the SHY-66 module exams are in the avionics category, while 68% are in the mechanical category.
The overall distribution of licensed technicians is approximately 70% in the A category, 25% in the B1/B2 categoty,
and 3% in the C category. While the study does not specitically focus on gender ratios, it does imply that the
proportion of women remains low within candidate profiles (Ates, Kafali, & Lik, 2018).

In a study conducted by Neset Vefa Erden in SHY-145 licensed maintenance organizations in Turkiye, 362
employees were surveyed, examining the effects of manager support on creativity and finding no differences in
demographic characteristics, including gender. The study did not examine participation trends by gender (Erden,
2025). Reports from international organizations such as ICAO and EASA address the structure of maintenance
technician licensing systems and gender-based participation/data issues (Tyagi, Tripathi, & Bouarfa, 2023). There is
no numerical or time-series quantitative analysis based on the proportion of women students in aircraft maintenance
training in Turkiye. Studies have addressed topics such as SHY-66 exams and management support, technical
competence, or student/exam perception (Ates, Kafali, & Lik, 2018), (Erden, 2025).

As can be seen from the results of the research, the rate of women employees working as maintenance
technicians is quite low compared to other departments. In order to increase the number of women working as
maintenance technicians, it will be necessary to increase the interest of women students in training institutions serving
in this field and to make improvements in this sense. In this study, the number of women students studying in aircraft
maintenance training departments of higher education institutions serving in Tirkiye was analyzed, the analyses were
interpreted, and solution suggestions were presented.

2. MATERIALS AND METHODS

Aircraft maintenance technicians are categorized as mechanical maintenance technicians and avionics
maintenance technicians. Technicians trained in these relevant categories may be licensed and authorized based on
their education and qualifications. Aircraft maintenance training in Ttrkiye, as in the rest of the wotld, is provided by
university faculties, vocational schools, and vocational schools of higher education. In addition to these, industry-
supported vocational courses also provide training for maintenance technicians. The creation and implementation of
licensing processes for aircraft maintenance technicians are the responsibility of each member state under the Chicago
Convention. In European Union countries, the licensing of maintenance technicians is conducted under the
European Union Aviation Safety Agency (EASA) Part 66 regulations. According to EASA Part 66, maintenance
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technician licenses are classified into three categories: A, B, and C. These categories are further divided into

subcategories according to mechanical, avionics, and aircraft/engine types.

* The Category A license authorizes the technician to perform scheduled line maintenance and simple defect
rectification and to issue a maintenance release certificate.

* The Category B1.1 license permits maintenance on aircraft structures, power units, and mechanical systems,
and the issuance of a maintenance release certificate.

¢ The Category B2 license allows maintenance on avionics and electrical systems and the issuance of a
maintenance release certificate.

* The Category C license authorizes the issuance of a maintenance release certificate following base
maintenance operations (EASA, 2021).

This study focuses on gender-based enrollment trends in university-level aircraft maintenance programs in
Tiurkiye. The analysis covers depattments such as Aircraft Maintenance and Repair, Airframe and Engine
Maintenance, Avionics, Aviation Electrical and Electronics, and Aircraft Technology. These programs prepare
students for licensing and employment in various aircraft maintenance categories defined by EASA.

The data used in this study was obtained from the Council of Higher Education (CoHE), which oversees
higher education institutions in Tirkiye. The study used a quantitative and descriptive research design.

Frequencies and percentages were used to assess the number of male and female students enrolled in each
department and to identify gender disparities in enrollment. Student data were collected based on enrollment numbers
during the academic years of 2020-2021, 2021-2022, 2022-2023, 2023-2024, and 2024-2025. Data from all 29

universities in Tirkiye that provide aircraft maintenance education were individually gathered.
The analysis method included:

* Calculating the gender distribution (men/women) for each university and department individually,

* Consolidating the data to determine the overall gender distribution,

* Expressing the distributions as percentages (%0) to enable a comparative evaluation of men and women
students.

Gender classification was applied according to the official categorization in CoHE data system as “men” and
“women”. Since the data used in this study were anonymized and published collectively by CoHE, ethical approval
was not required. The scope of the study was limited to universities and did not include industry-supported vocational

courses or other training institutions.

The findings highlicht the underrepresentation of women in technical aviation training programs and
contribute to a broader discourse on gender equality in aviation education. In this study, data publicly available on
the official website of the Turkish Council of Higher Education (CoHE) were used and analyzed.

3. FINDINGS
3.1. Aircraft Technology Departments

Aircraft Technology departments are one of the programs that train aircraft maintenance technicians. The
education period of this program, which is available in 23 universities in Tiirkiye, lasts two years. In these departments,
which aim to train A-category maintenance technicians, students receive theoretical and practical training. The
number of women students who preferred these departments in 2020 is 111 (8.75%), 162 (11.05%) in 2021, 176
(10.76%) in 2022, 251 (16%) in 2023, 270 (15.79%) in 2024 and the total number is 970 (12.65%). These values are
given in Figure 1.
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Figure 1. Gender Distribution among Students in the Aircraft Technology Departments

When the data are examined, the number of women students who prefer the department tends to increase,

albeit at low rates, with fluctuations over the years.
3.2. Aircraft Maintenance and Repair/Airframe and Powerplant Maintenance Departments

In Tturkiye, bachelor programs that provide education for mechanical maintenance technicians are academically
referred to as Aircraft Maintenance and Repair or Airframe and Powerplant Maintenance departments. There are 12
universities in Turkiye that train in the Aircraft Maintenance and Repair/Airframe and Powerplant Maintenance
departments. Students in these departments are mainly trained in aircraft fuselage structures and power systems.
Graduates of this department work with the title of aircraft mechanic technician. In these departments, which aim to
train B1.1 category maintenance technicians, students receive theoretical and practical training. The number of
women students who preferred these departments in 2020 is 44 (9.38%), in 2021 31 (7.64%), in 2022 54 (9.78%) in
2023 60 (12%), in 2024 90 (14.13%) and the total number is 279 (10.86%). These values are given in Figure 2.
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Figure 2. Gender Distribution among Students in the Aircraft Maintenance and Repair Departments
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When the data is examined, it is seen that the number of women students studying in these departments is
lower than in other departments providing aircraft maintenance training. Although the rate of students preferring
departments has not changed dramatically over the years, the rate of women students has never reached 15% in any
year.

3.3. Aviation Electric and Electronics/Avionics Departments

Due to the rapid development in electronic and computer technology, the performance of the aircraft designed
today is increasing day by day. An aircraft's electrical and electronic systems and components are vital to flight safety
and efficiency. For this reason, maintenance personnel who will work in Aviation Electrical and Electronics/Aircraft
Electrical and Electronics should have received sufficient training and have the necessary competencies. In Tirkiye,
bachelor programs that provide training for avionics maintenance technicians are academically designated as Aviation
Electric and Electronics or Avionics departments. Students who graduate from these departments are entitled to
receive the title of aircraft avionics technician. An aircraft avionics technician is a maintenance technician who
performs the necessary tests on aircraft structures and components, troubleshooting, assembling electronic
components, and adjusting fuses and electrical control surfaces (Gunes, Turhan, & Acikel, 2020).

There are 10 universities in Turkiye that provide training in Aviation Electric and Electronics/Avionics
departments. Students in these departments study both theoretical and practical subjects, primarily concentrating on
aircraft electrical and electronic systems and components. In these departments, which aim to train B2 category
maintenance technicians, students receive theoretical and practical training. The number of women students who
preferred these departments in 2020 is 70 (18.57%), in 2021 70 (20.41%), in 2022 91 (20.27%), in 2023 100 (24.54%),
in 2024 132 (24.54%) and the total number is 463 (21.75%). These values are given in Figure 3.

Aviation Electric and Electronics
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Figure 3. Gender Distribution among Students in the Electric and Electronics /Avionics Departments

It is observed that the number of women students training in these departments is higher than the other
departments that provide aircraft maintenance training. Although the rate of students who prefer departments has
not changed dramatically over the years, the average rate of women students is around 21%.

3.4. All Aircraft Maintenance Departments

There are 45 universities in Ttrkiye that provide aircraft maintenance training. In these universities, aircraft
maintenance training is given to cover categories A, B1.1 and B2. When the student numbers of the relevant
departments are examined for the years 2020, 2021, 2022, 2023 and 2024 the rate of women students is 8.75%,
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11.05%, 10.76%, 16%, 15.79% in Aircraft Technology departments, 9.38%, 7.64%, 9.78%, 12% and 14.13% in
Aircraft Maintenance and Repair/Airframe and Powerplant Maintenance departments, 18.57%, 20.41%, 20.27%,
24% and 24.54% in Aviation Electric and Electronics/Avionics divisions. When we look at the general total, the rate
of women studying in 45 universities is 10.61%, 11.87%, 12.18%, 10.75% and 17.05% according to the years. These
values are given in Figure 4.

All Aircraft Maintenance Departments

Aircraft Technology | 8.75%  11.05%  10.76% 16%  L1579%

Aircraft Maintenance and Repair 9.38%  7.64% 9.78% 12% _
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Figure 4. Gender Distribution among Students in All the Aircraft Maintenance Departments

According to the data, although the number of women students in universities providing aircraft maintenance
training shows an increasing trend over the years, the departments with the highest women-student ratio are Aviation
Electric and Electronics/Avionics depattments. Similarly, although it shows an increasing trend over the years, the
departments with the lowest women-student ratio are Aircraft Maintenance and Repair/Airframe and Powerplant
Maintenance departments.

4. RESULTS AND DISCUSSION

Aircraft maintenance training is carried out in universities, vocational courses and training programs of airline
companies in Tirkiye. In parallel with the development of the aviation industry, the need for well-trained aircraft
maintenance technicians with professional competencies will increase in the coming years. According to Boeing data,
690000 maintenance technicians will be needed by 2042 (Boeing, 2023). In an industry where the need is so high, the
training and employment of women technicians is of great importance for the future of world aviation. Unfortunately,
when the current practices are examined, the number of women employees working in the aviation industry is quite
low, but this number is even lower among maintenance technicians. Although the rate of women maintenance
technicians is below 5% wotldwide, the rate of women technicians is 2.6% according to the FAA data, and 1.7%
according to the data of the Directorate of General Civil Aviation Tirkiye (Lutte, 2019; Lutte, 2021; Directorate of
General Civil Aviation, 2018). There are professional and cultural reasons behind this inadequacy. The ratio of women
employees is at least in maintenance technicians. The five biggest barriers to women working in aviation are; negative
culture, cost of entry, family/life/work balance, training-related issues and lack of support (Lutte & Morrison, 2022).
Apart from these, prejudice, discrimination in the workplace, low employment of women in leadership positions, and
insufficient support for young people are also barriers for women to work in aviation (Lutte, Women in Aviation: A
Workforce Report 2021 Edition., 2021). Furthermore, the data indicates that women in the industry are significantly
more likely to have both a lower guaranteed income and a lower gross monthly income than men, which further
contributes to gender disparities in employment and retention (Harvey, Finniear, & Greedharry, 2019). Some of the
barriers affecting women students’ participation in vocational education and training were social-cultural factors, lack
of role models and poverty (Andiema & Manasi, 2021). Apart from these reasons, the perception of maintenance
technician as a job that requires intense physical strength, inadequacies in employment policies, and incomplete or
inadequate promotions about the profession can be listed.
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In order to increase the number of women maintenance technicians, it will be necessary to increase the number
of women students in universities and training programs providing training in this field. Furthermore, international
regulatory bodies also emphasize inclusive training and licensing standards. As stated in the ICAO Assembly
Resolutions in Force (2016), ICAO’s policies on personnel licensing and training provide a foundational framework
for inclusive approaches that can facilitate women's entry into aviation professions. Equal opportunities in education
should be integrated into ICAQO’s international standards (ICAO, 2016). In this way, the employment of women
technicians will be increased and at the same time, women technicians will be provided to work more competently.
As the results of the study show, the average rate of women students studying in departments providing aircraft
maintenance training in Turkiye is 12.65% in Aircraft Technology departments, 10.86% in Aircraft Maintenance and
Repair/Airframe and Powerplant Maintenance departments, and 21.75% in Aviation Electric and
Electronics/Avionics departments. Although the number of women students has increased over the years, it is still
very insufficient in training programs. The insufficient number of women students means that the number of women
employees will be insufficient in the coming years. Considering the increasing number of flights, the number of
aircraft and the number of airports, this situation will create a big problem for the future of aviation in terms of the
number of employees and their competencies in the short and long term. In order to eliminate the problems related
to the subject and to increase the interest and participation of women students in the universities and training

programs that provide aircraft maintenance training, solution suggestions are listed as follows.

e To increase interest in aircraft maintenance departments, promotions are made by more effective and
approptiate persons/units,

e Developing industry-supported collaborations and incentive programs,

e Extending career days in pre-university education institutions,

e Establishing an effective alumni/student interaction network,

e Encouraging employment programs for women employees,

e Increasing the number of women trainers in aviation maintenance training,

e Developing incentive programs such as scholarships and educational aid for women students,

e Developing aircraft maintenance areas to be more open to students within safety and security standards.

To promote gender diversity in aircraft maintenance, upcoming research should adopt a comprehensive

strategy that includes cross-cultural analyses to identify globally best practices, as well as longitudinal studies of
educational programs to assess the retention and career advancement of women students. Research should assess the
impact of women role models, mentoring programs, and employer policies (such as flexible working options and
anti-discrimination strategies) on recruitment and retention, while also examining societal perceptions and
misconceptions that deter women from pursuing careers in this industry. Additionally, research could examine the
effectiveness of financial incentives (such as scholarships and job guarantees) and technological innovations (such as
automation and ergonomic equipment) in mitigating perceived barriers. Further research on the implementation of
ICAO's inclusive education standards and early STEM education initiatives is necessary to challenge stereotypes and
foster sustained interest. Finally, policy evaluations should investigate how regulatory frameworks (including gender
quotas and diversity programs) affect workforce representation. Future studies emphasizing actionable outcomes
such as data-driven hiring methods, industry collaborations, and advocacy for systemic reform can contribute to the

closing of the gender gap and provide a sustainable and inclusive future for the aviation maintenance field.
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Abstract. As human activities expand across Earth orbit, the Moon, and other celestial bodies, the governance of critical space resources has
become a pressing issue, exposing persistent gaps in current international regulatory mechanisms. This paper advances a policy-oriented vision
for equitable and resilient space governance, grounded in sustainability principles and ethical imperatives. Through the lens of key domains—
ranging from spectrum allocation and orbital debris mitigation to planetary surface rights and data governance—it explores how the discourse
on space resources reveals deeper challenges for multilateral coordination, institutional leadership and strategic foresight in a multipolar world.
The study underscores the need for adaptive international frameworks that align with both technological advancements and shifting geopolitical
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system, and leading space policy institutes—it calls for a globally engaged, integrative and forward-looking governance vision for outer space.
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Arastirma Makalesi

Uzay kaynaklarinin adil yonetisimine dogru: Siirdiiriilebilirlik ve direnglilik odakl
bir politika ¢ergevesi

Oz. Diinya yoriingesi, Ay ve diger gok cisimlerinde insan faaliyetlerinin artmastyla birlikte, kritik uzay kaynaklarinin yénetisimi acil bir mesele
haline gelmis; mevcut uluslararast diizenleyici mekanizmalardaki kalict bosluklari gozler 6niine sermistir. Bu makale, stirdiirtilebilirlik ilkeleri ve
etik zorunluluklar temelinde sekillenen, adil ve direngli bir uzay yonetisimi icin politika odakli bir vizyon sunmaktadir. Spektrum tahsisi ve
yoriinge enkazinin azaltilmasindan gezegen yuzey haklarina ve veri yonetisimine kadar uzanan temel alanlar cercevesinde, uzay kaynaklari
etrafindaki séylemin ¢ok kutuplu bir diinyada ¢ok tarafli koordinasyon, kurumsal liderlik ve stratejik éngdriiye dair daha derin zorluklart nasil
ortaya koydugunu incelemektedir. Calisma, hem teknolojik ilerlemelerle hem de degisen jeopolitik kogsullarla uyumlu, uyarlanabilir uluslararast
cercevelerin gerekliligini vurgulamaktadir. Kapsayict yonetisim icin temel ilkeleri ortaya koymakta ve bu vizyonun hayata gecirilmesi adina
stratejik liderlik ile kiiresel ortakliklart savunmaktadir. Avrupa Birligi, Birlesmis Milletler sistemi ve 6nde gelen uzay politika enstitiileri gibi
kiresel ve bolgesel aktorlerin politika yaklagimlarindan yararlanarak, dis uzay icin kiiresel 6lgekte etkin, butiinciil ve gelecege doniik bir yonetisim
vizyonu ¢agrisinda bulunmaktadir.

Anahtar Kelimeler: Uzay yonetisimi, stirdurilebilirlik ve direnglilik, gezegensel sorumluluk, uzay kaynaklarinin diizenlenmesi, uluslararast
uzay politikast.
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1. INTRODUCTION

The rapid expansion of space activities, driven by both governmental and commercial initiatives, has
heightened the urgency of regulating access to and the use of space resoutrces. From spectrum management to
planetary surface rights, the legal and policy frameworks surrounding these resources remain fragmented. With the
increasing intensity of activity in Low Earth Orbit (LEO), the launch of lunar exploration programs, and the
emergence of In-Situ Resource Utilization (ISRU) ventures, a robust and cooperative regulatory architecture is
essential to prevent conflict, ensure safety, and promote sustainability.

Simultaneously, as states become more reliant on space-based infrastructure for communication, navigation,
environmental monitoring, and crisis response, resilience emerges as a necessary complement to sustainability. Space
systems must not only endure but also adapt, recover, and continue operating under stress or disruption (Jakhu et al.,
2017), (Tronchetti, 2015).

International efforts led by actors such as the United Nations Office for Outer Space Affairs (UNOOSA), the
Organization for Economic Co-operation and Development (OECD), and the Hague International Space Resources
Governance Working Group demonstrate the global policy interest in shaping the future governance of space
resources. However, diverging national practices—particularly the emergence of national space resource legislation—
and contrasting normative visions among stakeholders complicate consensus-building. These tensions underscore
the need for a cooperative, yet adaptive, governance model that acknowledges both legal pluralism and geopolitical
realities (United Nations Office for Outer Space Affairs, n.d.), (OECD, 2019), (OECD, 2020), (The Hague WG,
2020).

Given the increasingly pluralistic legal environment, the emergence of a single, universally binding regime
appears unlikely in the near term. Instead, governance norms are being formed incrementally through a patchwork
of national initiatives, multilateral dialogues, and non-binding instruments. Each trajectory favors particular actors
and value systems, influencing outcomes for governments, private sector players, and multilateral institutions alike.
This evolving governance landscape reinforces the importance of shared principles—such as equity, sustainability,

and resilience—as stabilizing anchors amid competing interests and asymmetries.

The 2023 UNOOSA report on space resource activities highlights the persistent divergence in national
interpretations and legal positions among Member States, particularly concerning the relationship between Article 11
of the Outer Space Treaty and the permissibility of resource extraction (United Nations Office for Outer Space
Affairs, 2023). While consensus exists around the principle of non-appropriation of celestial bodies, divergent

approaches to licensing, registration, and benefit-sharing expose a legal grey zone within the evolving space economy.

Importantly, the report cautions that existing international treaties do not explicitly regulate the extraction and
utilization of space resources, leaving significant gaps in enforcement, liability, and equitable access. It further notes
that Member States have not reached agreement on whether additional legally binding instruments are required, or if
soft-law approaches suffice for the time being. In response to these regulatory gaps and uncertainties, a proposal for
an 18th Sustainable Development Goal (SDG) explicitly targeting outer space has been advanced. Although not yet
adopted, this proposal signifies the increasing recognition of outer space as a vital domain requiring effective
regulation for sustainable development (Losch et al., 2024).

Global space governance must evolve to reflect the growing importance of space as a strategic enabler of
societal resilience, economic transformation, and planetary stewardship. While several regional and thematic
frameworks have begun to acknowledge these imperatives, many fall short of delivering globally actionable
mechanisms. Nonetheless, they offer valuable reference points by embedding responsible principles and cooperative
norms.

For instance, the European Union’s Space Strategy for Europe and the proposed EU Space Act call for a
unified legal approach that enhances safety, resilience, and sustainability (European Commission, 2025), (European
Commission & High Representative of the Union for Foreign Affairs and Security Policy, 2023). These initiatives
aim to harmonize regulatory practices across Member States by promoting a single market for space activities,
enabling commercial actors to operate across borders within a consistent, transparent, and secure legal environment.
They also introduce mandatory licensing, debris mitigation standards, and resilience safeguards for critical space

services—elements that could serve as foundational components of broader international governance models.
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The ESPI2040 report (European Space Policy Institute, 2022), a regionally influential and forward-looking
strategic framework, recognizes space not merely as an economic sector, but as a foundation for integrated progress
across climate, defense, energy, digital infrastructure, and beyond. Expanding upon such initiatives, an inclusive global
governance framework should strike a careful balance between innovation and responsibility, grounded in the
principles of equity, transparency, and adaptability. This approach can leverage European policy thought leadership
as a reference point, while advancing cooperative governance models aligned with the realities of a multipolar world—

where diverse state and non-state actors share responsibility for sustaining space as a global commons.

This perspective also aligns with key multilateral instruments such as the Outer Space Treaty (United Nations,
1967), the Long-Term Sustainability Guidelines (United Nations Office for Outer Space Affairs, 2019), and even
underutilized frameworks like the Moon Agreement (United Nations, 1979)—each contributing to a foundation for
building international consensus. High-level political dialogues, including the G20 Space Economy Leaders Meetings,
further reflect a growing global appetite for cooperative regulation. By integrating these efforts into a forward-looking
global framework, space governance can transition from aspirational declarations to operational mechanisms.

This paper draws on a qualitative review of treaties, policy instruments, and expert literature. It proceeds as
follows: Section 2 discusses sustainability frameworks for space resource utilization; Section 3 addresses resilience in
governance frameworks; Section 4 outlines key regulatory challenges; Section 5 explores enabling and disruptive
technologies; Section 6 proposes core principles; Section 7 presents strategic governance pillars; Section 8 discusses
leadership and global partnerships; and Section 9 concludes with space policy recommendations.

2. SUSTAINABILITY IN SPACE RESOURCE UTILIZATION

Sustainability, in the context of space resources, refers to the responsible and long-term use of outer space
assets, ensuring that today’s activities do not compromise the ability of future generations to access and benefit from
these resources. This encompasses the sustainable extraction and utilization of space-based materials, the active
mitigation of orbital congestion, and the protection of celestial environments from irreversible harm. Achieving
sustainability requires binding multilateral agreements, robust compliance mechanisms, and shared technological

standards that emphasize preservation and stewardship over short-term commercial gains.

Global discussions on sustainability increasingly focus on critical issues such as orbital debris mitigation, the
protection of scientific heritage sites (e.g., the Apollo landing zones), and equitable access to and benefits from space-
derived data. The United Nations' Long-Term Sustainability Guidelines (LTSGs), endorsed by the Committee on the
Peaceful Uses of Outer Space (COPUOS), provide a widely recognized—though non-binding—baseline for
advancing sustainable space practices at the international level (United Nations Office for Outer Space Affairs, 2019),
(Aliberti et al., 2023).

In a broader context, the ESPI vision stands out as it advances a more expansive understanding of sustainability
by linking space governance to planetary objectives, including the European Green Deal, Net-Zero targets, and the
UN Sustainable Development Goals (SDGs). It highlights the transformative role of space-based capabilities—
particularly Earth Observation, Positioning, Navigation and Timing (PNT), and SATCOM—in supporting
sustainable agriculture, mobility, energy systems, and climate-resilient cities. Sustainability must also guide the design
of next-generation space infrastructure, including low-impact satellites and space-based solar power systems, aligning
technological progress with ecological and ethical standards.

Ensuring sustainability in the evolving NewSpace ecosystem necessitates the extension of international norms
and standards to include non-traditional actors. Mechanisms such as public-private collaboration, voluntary codes of
conduct (Chrysaki, 2020), extended licensing protocols (Reif, 2002), and shared stewardship agreements are essential
to prevent commercial momentum from outpacing collective stewardship and global governance capacity.

While sustainability safeguards the long-term viability of space activities, resilience ensures their functionality
amid disruption. Together, they form the dual pillars of a responsible, future-proof space governance paradigm.
Emerging technologies—discussed in Section 5—such as Al-enabled debris mitigation and blockchain-based

registries, offer practical tools to help operationalize sustainability measures.
3. INTEGRATING RESILIENCE INTO SPACE GOVERNANCE

Resilience complements sustainability by focusing on the ability of space systems, policies, and infrastructures

to withstand and recover from disruptions—whether due to natural phenomena, operational accidents, or geopolitical
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tensions. As space becomes an essential domain for communications, navigation, and security, ensuring resilience
requires the strategic planning of redundancies, the cultivation of international collaboration, and the development

of response strategies for systemic shocks.

A global vision for space governance must emphasize resilience not only in infrastructure but also in policy
and strategic decision-making. It entails strengthening institutional capacity, diversifying and federating industrial
supply chains, and building robust education and talent pipelines. A resilient space ecosystem must be capable of
withstanding economic and political volatility, fostering innovation under uncertainty, and securing independent

access to critical technologies.
This includes resilience in:

¢ Infrastructure: Redundant satellite constellations and modular space stations;
¢ Governance: Institutions capable of adapting to emerging threats or technological shifts;
o Legal frameworks: Norms and agreements that remain robust as commercial and geopolitical conditions

evolve.

Embedding resilience into regulatory discourse ensures that space activities are not only sustainable in principle
but also viable in practice when confronted with unforeseen challenges. This contributes directly to the long-term
stability of the space environment. The protection of critical infrastructure—such as navigation satellites,
communication relays, and climate-monitoring platforms—is vital to both national security and global welfare.
Establishing multilateral early warning systems for potential cyberattacks, collisions, or hostile interference would
enhance collective resilience. Such systems must be framed not only as technical safeguards, but also as instruments

of space diplomacy—upholding human rights and ensuring equitable global access to essential services for all.

A practical example of resilience-oriented governance is the European Space Agency’s Space Safety
Programme (European Space Agency, 2023), which addresses hazards ranging from space weather and near-Earth
objects (NEOs) to orbital debris and re-entry risks. The programme embodies a proactive, systems-level approach to
risk mitigation through international data sharing, multi-domain monitoring, and autonomous decision-support
mechanisms. Such initiatives provide operational blueprints for mainstreaming resilience into space governance
frameworks.

Complementing this operational approach is the normative vision advanced by the Space Renaissance Initiative
(SRI), which promotes a humanist ethos for space development—emphasizing equity, sustainability, and the long-
term expansion of human civilization beyond Earth not only as a scientific or economic imperative, but as a moral
one (Space Renaissance Initiative, 2016). Echoing Enlightenment ideals and the concept of an 'Open World,' the SRI
advocates for a cultural and philosophical renaissance that frames outer space as the next frontier for realizing
humanity’s ethical expansion and planetary resilience. From this standpoint, outer space is not merely a realm of
extraction or competition, but one of shared human responsibility—where resilience is most effectively amplified
through practical commitments such as interoperable infrastructure, transparent data systems, and collective

preparedness platforms made accessible to all through multilateral cooperation.
4. REGULATORY CHALLENGES IN CRITICAL RESOURCE DOMAINS

As space activities expand across otbital, cislunar, and planetary environments, regulatory frameworks are
under mounting pressure to adapt. The proliferation of NewSpace actors, the diversification of mission profiles, and
the emergence of contested operational domains demand proactive legal and governance responses. This section
outlines key regulatory challenges in managing critical space resources—including electromagnetic spectrum
coordination, orbital traffic control, planetary protection, surface rights, and data governance. Addressing these
challenges is essential to ensure coherent and enforceable legal frameworks in an increasingly complex space
ecosystem.

4.1. Spectrum Allocation and Coordination

The electromagnetic spectrum is a finite and increasingly congested resource that is essential for satellite
communications. The International Telecommunication Union (ITU) allocates global radio frequencies and satellite
orbits through coordination among Member States to prevent harmful interference (International
Telecommunication Union, 2020). However, the surge in NewSpace actors and the deployment of mega-

constellations have significantly intensified spectrum competition. This trend raises critical concerns regarding
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equitable access, dynamic spectrum sharing protocols, and protection from cross-service interference. Incorporating
ITU-R regulations, spectrum priority rights, and the outcomes of World Radiocommunication Conferences (WRC)
into broader coordination frameworks is vital. As cislunar and deep space missions continue to expand, forward-
looking spectrum governance must priotitize interoperability and open data access across operational domains.

4.2. Orbital Debris and Traffic Management

The increasing risk of collisions in LEO necessitates robust space traffic management (STM) policies,
underpinned by comprehensive Space Situational Awareness (SSA) capabilities. The Inter-Agency Space Debris
Coordination Committee (IADC) (Inter-Agency Space Debris Coordination Committee, 2021) provides technical
guidelines for debris mitigation; however, these remain non-binding. The U.S. Space Policy Directive-3 and European
Space Agency (ESA)’s Clean Space initiative represent steps toward operational STM frameworks (White House,
2018), (European Space Agency, 2022), yet they lack international enforceability. Effective STM must include pre-
launch registration, conjunction assessment standards, post-mission disposal protocols, and real-time deconfliction
procedures. As commercial NewSpace activity accelerates, a globally harmonized STM regime—particularly for
shared orbital shells—will be critical to ensuring long-term sustainability.

4.3. Lunar and Planetary Surface Rights

The Outer Space Treaty (1967) prohibits national appropriation of celestial bodies (United Nations, 1967), yet
it remains silent on the extraction of space resources. The Artemis Accords (NASA, 2020) support the utilization of
resources such as lunar water ice and asteroidal minerals under the framework of international law, but they have not
achieved universal acceptance. This legal gap creates uncertainty for both public and private actors planning in-situ
resource utilization (ISRU) missions. Key regulatory concerns—also raised by the Moon Village Association (MVA)
and other stakeholders—include legal certainty, resource claim notification procedures, and the protection of heritage
sites such as the Apollo landing zones (Moon Village Association, 2020). With rising interest in cislunar infrastructure,
coordinated multilateral frameworks will be essential to prevent territorial disputes and safeguard non-discriminatory

access.
4.4. Access to Lagrange Points

Lagrange points such as Earth-Moon L1 and L2 are strategic quasi-stable zones valuable for scientific
observatories, refueling depots, and deep space relay stations. Although no formal regime currently governs their use,
proposals have been made to treat them as limited commons requiring cooperative management (Boley & Byers,
2021). As lunar orbital and transfer infrastructure expands, regulatory issues such as station-keeping rights, shared
access protocols, and mission interference thresholds will require international attention. Anticipatory regulation will
be essential to prevent monopolization or congestion of these high-value gravitational zones.

4.5. Environmental Protection of Celestial Bodies

The COSPAR planetary protection guidelines aim to prevent biological contamination of celestial bodies
(COSPAR, 2021). However, these standards were designed primarily for scientific missions and may fall short in
effectively regulating commercial-scale space activities. A multilateral preservation regime should address both
forward and backward contamination, incorporate planetary protection Category IV classifications, and support
astroecological assessments. Balancing scientific access, environmental stewardship, and the rights of NewSpace
actors will be essential to uphold the intrinsic value and biological integrity of extraterrestrial environments.

4.6. Human Safety in Lunar and Orbital Habitats

With human outposts becoming viable in orbital, lunar, and deep space environments, globally harmonized
standards for life support, crew safety, and emergency response will become essential. NASA’s Human Exploration
and Operations Mission Directorate and ESA’s Space Safety Programme represent initial steps toward the
development of coordinated human safety frameworks for space infrastructure (NASA, 2021), (European Space
Agency, 2024). Future regulatory efforts should address radiation dose limits; habitat protocols across in-space, lunar,
and LEO environments (ISLEO); crew conduct codes; and dual-use emergency response procedures. The growing
convergence of commercial, governmental, and international actors underscores the need for a shared human safety

baseline.
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4.7. Intellectual Property and Data Rights

As NewSpace actors increasingly contribute to space exploration and data generation, issues surrounding
Intellectual Property Rights (IPR) and data sovereignty raise complex jurisdictional challenges. The Agreement on
Trade-Related Aspects of Intellectual Property Rights (TRIPS) provides a global framework for IP protection, but its
applicability to outer space remains unsettled (von der Dunk, 2019). Policymakers must balance incentives for
innovation with obligations to open science and the stewardship of space as a global commons. Key considerations
include the extraterritoriality of IPR, dual-use data governance, and the preservation of space-derived knowledge as
a shared public good.

Clear and cooperative governance mechanisms are needed to support the sustainability of these intangible
space resources in response to growing commercial and scientific activity. As rapid technological progress continues
to outpace the evolution of international norms and institutions, proactive and inclusive policymaking will be essential
to reconcile national interests with collective responsibilities in the space domain. Balancing rapid technological
progress with the slower evolution of international norms and institutions remains a key challenge; proactive and
inclusive policymaking will be essential to align national interests with collective responsibilities in the space domain.

5. EMERGING ENABLERS AND DISRUPTIVE TECHNOLOGIES

The convergence of digital, biological, and physical technologies is reshaping how space resources are accessed,
governed, and utilized. As Artificial Intelligence (Al), High-Performance Computing (HPC), blockchain, quantum
communication, and digital twins advance across the space sector, their implications for sustainability, resilience, and
equity are profound. These technologies offer significant promise—enabling autonomy, operational efficiency, and
mission safety—but they also introduce complex legal, ethical, and strategic challenges that existing regulatory
frameworks are ill-equipped to handle.

Al and HPC facilitate onboard autonomy, predictive analytics, and the real-time processing of massive datasets,
transforming space traffic coordination, anomaly detection, and mission planning. In combination with edge
computing architectures, these tools are essential for autonomous surface operations on the Moon or Mars, while
also enhancing their operational capacity on Earth through advanced remote sensing and Earth observation
applications. To effectively manage these advanced capabilities, regulatory frameworks must clearly define liability
and accountability rules for Al-driven decisions, particularly those affecting collision avoidance, orbital management,

and overall system resilience.

Blockchain technologies present new opportunities for transparent registries, supply chain verification, and
secure data provenance—particulatly relevant in distributed and multi-stakeholder mission contexts. To fully realize
these benefits, blockchain governance will require new international agreements that standardize the cross-border
recognition of distributed registries and clearly define their legal validity.

Quantum communication, another emerging enabler, introduces ultra-secure links for critical navigation,
reconnaissance, and command-control systems. However, its integration into space systems also presents novel
geopolitical challenges related to technological disparities and verification protocols. Therefore, international
agreements must proactively establish clear standards for quantum encryption to mitigate potential geopolitical

tensions stemming from asymmetric secure communication capabilities.

Digital twins and bio-regenerative systems enhance risk mitigation and long-duration habitability by providing
immersive simulation environments for operational rehearsals and closed-loop life-support management. These
advanced tools are instrumental for building resilient cislunar infrastructure and future deep-space outposts,
significantly strengthening mission safety, sustainability, and operational efficiency.

However, governance mechanisms must anticipate and embed principles of accountability, safety, and equity.
Issues such as explainability in Al, liability in autonomous systems, and equitable access to enabling digital
infrastructure demand urgent multilateral attention. A global, anticipatory governance approach is essential to ensure
that emerging technologies reinforce shared norms rather than entrench asymmetric access or control over space-
derived value.

A particulatly salient dimension concerns Al-generated knowledge (European Parliament and Council, 2024).
HPC and machine learning models increasingly derive insights from raw telemetry and sensor data, raising unresolved
questions of intellectual property, jurisdiction, and attribution. As this fast-paced digital transformation unfolds,
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regulators must address the ownership of Al-derived outputs, accountability in automated decision-making, and the

cross-border enforceability of space data rights.

In summary, emerging enablers necessitate policymakers to move beyond reactive rulemaking toward
foresight-based governance. This includes engaging expert communities, developing testbeds, and coditying
interoperability standards. These technologies must be incorporated into governance frameworks from the outset—
not retrofitted after deployment. Expanding on initiatives like the EuroMoonMars field campaigns (Foing et al., 2022)
can inform these discussions by offering simulated environments to test emerging technologies and foster innovation
in the space sector—generating insights directly applicable to anticipatory policy development. By embedding
technological enablers within a shared vision for responsible innovation, the global space community can ensure that

disruption leads to collective benefit rather than systemic fragmentation.

6. PRINCIPLES FOR EQUITABLE AND INCLUSIVE SPACE GOVERNANCE

In parallel with foundational instruments such as the Outer Space Treaty (1967) and the Moon Agreement
(1979), a new wave of national legislation —such as the U.S. Commercial Space Launch Competitiveness Act (2015)
(United States Congress, 2015), Luxembourg’s Space Resources Law (2017) (Government of Luxembourg, 2017), and
the United Arab Emirates’ Federal Law No. 12 (2019) (United Arab Emirates, 2019)— demonstrates a deliberate
move by individual states to establish domestic legal clarity regarding space resource utilization. While generally
consistent with the Outer Space Treaty’s permissive framework, these unilateral initiatives signal the emergence of a

fragmented legal landscape.

Several international efforts have sought to bridge this emerging normative divide. Notably, The Hague
International Space Resources Governance Working Group (2015-2020) proposed a set of Building Blocks intended
to promote shared principles without imposing binding obligations. Similarly, UNOOSA’s Legal Subcommittee has
facilitated ongoing discussions, acknowledging both the potential and legal complexity of off-Earth resource
extraction (United Nations Office for Outer Space Affairs, n.d.). The OECD Space Forum has likewise examined
the economic and policy dimensions of resource activities beyond Earth (OECD, 2019).

These multilateral initiatives highlight the difficulty of reconciling commercial imperatives with collective
governance. The diversity of stakeholders involved—ranging from national governments and private industry to civil
society—further complicates the path toward a single, unified global regime. Instead, these developments point to
the need for a pluralistic yet principled approach: one that acknowledges legal diversity while advancing equitable
access, transparency, and accountability at international level.

A credible and effective regulatory vision must be anchored in universally shared principles: inclusivity,
transparency, interoperability, accountability, and stewardship. As governance mechanisms evolve, they must support
equitable access for emerging space nations and private actors alike. International frameworks should avoid both legal
ambiguity and regulatory capture, while providing clarity, predictability, and stability to all stakeholders.

Equity demands more than mere access alone; it entails inclusive representation in agenda-setting, norm
development, and benefit-sharing. Global leadership should advance capacity-building initiatives, open standards,
and shared research and development/innovation (R&D/I) platforms. The principle of stewardship must guide

resource utilization, ensuring that today’s exploitation does not foreclose opportunities for future generations.

Inclusivity must also confront structural disparities across gender, generation, geography, and socio-economic
status. Transparency fosters institutional trust, while interoperability enables seamless cross-border technical
collaboration. Legal and institutional accountability reinforces these principles by ensuring that all actors are held
responsible for their actions.

6.1. Core Principles of Equity

e Intergenerational Justice: Space activities must consider the long-term sustainability of the orbital
environment and celestial bodies, ensuring that opportunities remain available for future generations.

e Proportionality and Capacity: Rules and responsibilities must reflect the differing capabilities of spacefaring
and non-spacefaring nations, without excusing inaction or diminishing shared responsibilities.

e Common Benefit Doctrine: Building upon Article I of the OST, the use of outer space must serve the
interests of all humankind, supported by mechanisms that enable equitable access to data, resources, and

economic returns.
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6.2. Mechanisms to Enable Fair Participation

Open Access Registries: Establish transparent and internationally accessible registries for resource claims,
orbital slot allocations, and lunar surface activities to promote accountability and mitigate geopolitical tensions.
Benefit-Sharing Models: Formulate international agreements that mandate a portion of the economic returns
from space resources be allocated toward global development goals or shared technology programmes.

Global Commons Framework: Designate certain domains, such as Lagrange points, polar lunar regions, or

high-value orbits, as common heritage areas with specific protections and cooperative usage regimes.

6.3. Governance Integration

Ensure that space governance is integrated into broader discussions on sustainability, resilience, and socio-
economic justice. This includes aligning policies across interrelated domains such as climate change adaptation,
disaster risk management, digital infrastructure, and energy transitions.

Promote joint initiatives between space and non-space sectors to ensure that regulatory evolution reflects real-
wortld interdependencies, such as satellite-enabled smart agriculture, resilient supply chains, and secure digital

connectivity.

6.4. Multilateralism and Institutional Anchoring

Strengthen the role of international bodies such as the UN Committee on the Peaceful Uses of Outer Space
(COPUOS), ITU, and UNOOSA in setting norms, facilitating dispute resolution, and fostering inclusive
multilateral dialogue.

Establish pathways for greater involvement of non-traditional actors (e.g., Global South, indigenous

communities, private sector) in the shaping of international space law and governance.

These principles provide the ethical and operational foundation upon which a globally legitimate and forward-

looking governance framework can be built. Collectively, they form the normative guidance and ethical compass for

the strategic governance pathways explored in the following section.

7. A GLOBAL GOVERNANCE PROPOSAL FOR SPACE RESOURCES

As space becomes a critical domain underpinning economic development, environmental monitoring,

scientific advancement, and global security, the imperative for a unified, anticipatory, and adaptive global governance

model grows stronger. The current landscape—characterized by fragmented regulatory regimes and asymmetrical

capabilities—risks exacerbating global inequalities and compromising the long-term sustainability of outer space.

This paper advances a governance vision centered on four strategic pillars:

Equity and Inclusiveness: Ensure that both spacefaring and non-spacefaring nations have a meaningful
voice in rule-making processes and equitable access to the benefits derived from space resources.

Resilience and Adaptability: Promote legal and institutional frameworks capable of evolving alongside rapid
technological and geopolitical changes, including the rise of new actors and new domains (e.g., in-orbit
servicing, lunar ISRU).

Integrated Multilateralism: Advocate for governance mechanisms that are embedded across policy
sectors—Ilinking space with climate, energy, health, mobility, and security—and anchored in transparent and
inclusive multilateral institutions.

Responsible Leadership and Capacity Building: Call upon leading space actors to assume stewardship
roles in facilitating technology transfer, developing global public goods, and supporting emerging space nations
through open standards and cooperative missions.

Such leadership must also extend to the development of shared security protocols and early-warning systems.

These measures are essential to protect critical space infrastructure—such as navigation, communications, and Earth

observation assets that underpin essential services and global stability. Framing these efforts as part of a global

commons protection agenda reinforces the responsibility of space actors to uphold human rights and ensure the

uninterrupted provision of public goods worldwide.
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This governance vision is not yet realized. The present study aims to initiate this global dialogue, advocating
for coordinated leadership, partnership-based diplomacy, and a renewed mandate for international institutions such
as COPUOS, ITU, and UNOOSA to serve as central platforms for implementing shared space governance goals.

8. RESPONSIBLE LEADERSHIP AND GLOBAL PARTNERSHIPS

Beyond norms and protocols, the space domain urgently needs visionary leadership. States and international
bodies must spearhead a new governance paradigm that is anticipatory, cooperative, and anchored in shared global
values. This includes the development of shared security protocols and early-warning systems to safeguard critical
infrastructure as global commons, thereby reinforcing the space sector’s vital role in protecting human rights and

ensuring the continuity of essential public services worldwide.

In shaping this vision, European policy thought leadership offers valuable normative and institutional
precedents. Although tailored to its regional context, the European approach rooted in precautionary environmental
principles, multistakeholder governance models, and an emphasis on peaceful cooperation can serve as a strong
reference point for building globally inclusive governance frameworks that balance innovation, responsibility, and
equity.

Achieving equity in space governance requires a careful balancing of national interests, commercial freedoms,
and collective planetary stewardship. Establishing global partnerships and exercising responsible space leadership
must go hand in hand with the co-creation of soft law instruments, the strengthening of verification and enforcement
mechanisms, and the strategic use of multilateral forums to bridge geopolitical divides. The establishment of open
registries, community-led oversight bodies, and public interest safeguards can reinforce legitimacy and accountability.
These partnerships must not only formulate policy but also deliver impact through interoperable standards, shared

monitoring mechanisms, and equitable access to strategic infrastructure.

Building on these collective efforts, a future-proof model of space governance can emerge—capable of shaping
responsible global norms through inclusive practices and shared principles, even in the absence of universal
jurisdiction.

9. CONCLUSION

This paper advocates for a bold global vision: a space governance architecture that is cooperative, adaptive,
and inclusive—anchored in human rights, scientific responsibility, and long-term planetary stewardship. Achieving
this vision requires prioritizing global partnerships that effectively integrate governmental leadership, commercial
innovation, civil society oversight, and academic expertise in a coordinated and strategic manner.

Space domain expertise must serve as the foundation of policymaking and be integrated in both
transdisciplinary and interdisciplinary ways to avoid superficial or siloed approaches driven by actors lacking technical
understanding. Instead, co-created, overarching governance models are needed—ones that reflect the diverse and
inclusive narratives of a broad range of stakeholders and promote systemic connectivity across sectors and disciplines.
Such an approach must also evolve in tandem with the new wave of technological convergence reshaping the space
domain—from artificial intelligence and quantum technologies to biotechnology and digital infrastructure—which is
redefining how space resources are accessed, governed, and utilized.

While regional frameworks remain limited in scope, they can serve as testbeds for governance innovation. In
this context, European policy models grounded in multilateralism, safety-first principles, and regulatory coherence
offer valuable precedents that can inform global frameworks. Although tailored to their specific local contexts, such
initiatives highlight the potential of regionally tested, globally relevant standards to serve as stepping stones toward a

more inclusive and enforceable international governance architecture.

This vision calls upon leading space nations, institutions, and commercial actors to assume proactive
stewardship roles in shaping a globally inclusive, sustainable and resilient future. It involves co-creating frameworks
for technology transfer, shared infrastructure, and open access to space-derived public goods, particularly in support
of emerging space nations. Central to this vision is the establishment of shared security protocols and multilateral
eatly-warning systems that protect critical infrastructure as global commons, upholding not only the stability of the
space environment but also the continuity of public services and human rights worldwide.

By embedding equity and solidarity into cooperative missions, open standards, and multilateral engagements,

global stakeholders can co-create a future-proof space governance model—one that fosters an inclusive ecosystem
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where the benefits of space are equitably accessible and resilient across regions, generations, and geopolitical
boundaries.

Scope and Limitations:

This paper does not seek to provide a definitive legal regime or comprehensive institutional architecture.
Rather, it offers a structured policy vision rooted in equity, ethical governance, and anticipatory resilience. Legal and
institutional references are included to contextualise—not resolve—the current regulatory dynamics, and are by no
means exhaustive.

Instead, it adopts a novel integrative framing that treats sustainability and resilience as mutually reinforcing
grounding principles—positioned not merely as thematic goals, but as actionable pathways for aligning diverse
stakeholders across sectors and jurisdictions. By coupling long-term planetary stewardship with adaptive governance
capacities, this dual lens facilitates the emergence of inclusive and future-proof regulatory approaches.

Importantly, this contribution also serves as a precursor study to gauge interest and identify potential
collaborators for further elaborating the proposed vision. It aims to inform and inspire policy dialogue toward
identifying strategic pathways and co-creating practical governance models and regulatory frameworks, whilst
supporting the long-term evolution of cooperative, inclusive, and future-ready space governance.
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Roketlerde kanat geometrisinin statik stabiliteye etkilerinin sayisal olarak incelenmesi
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Oz. Bu calismada, roket sistemlerinde kullanilan farkli kanatgik geometrilerinin statik kararlilik tizerindeki etkisi sayisal analiz yoluyla
arastirllmustir. Roket sistemlerinde aerodinamik kararliligin saglanmasi, 6zellikle yiiksek hizlt ucus sirasinda sapma ve kararsizligin 6nlenmesi
icin buyik 6nem tagimaktadir. Bu baglamda, ileri stpirilmiss delta, ileri siptrilmis delta, eliptik ve trapez olmak tizere dort farkli kanatcik
geometrisi hem OpenRocket similasyonlart hem de ANSYS Fluent tabanli Hesaplamali Akiskanlar Dinamigi analizi kullanilarak
degerlendirilmigtir. OpenRocket, roketin basing merkezini (CP) ve kiitle merkezini (CG) belitlemis ve statik marjlart hesaplamistir. Her kanatcik
tipi icin kaldirma kuvveti, stiriikleme kuvveti ve moment degerleri HAD analizi yoluyla elde edilmistir. Ayrica, elde edilen veriler MATTL.AB'da
olusturulan bir ucus dinamigi modeline beslenerek zamanla degisen yonelimleri analiz edilmistir. Sonuglar, eliptik kanatctklarin minimum
stritkleme katsayilartyla en verimli ¢6zimi sundugunu, ileri siiptirilmus delta kanatlarin ise irtifa ve kaldirma performanst agisindan stiin
oldugunu gostermistir. Calismanin sonuglari, roket tasarim sirecinde stabilizatotlerin optimum se¢imi icin mithendislik tabanli 6neriler
sunmaktadir.

Anahtar Kelimeler: Roket acrodinamigi, kanat geometrisi, statik marj, HAD, OpenRocket.
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Numerical investigation of the effects of wing geometry on static stability in rockets

Abstract. In this study, the effects of different fin geometries used in rocket systems on static stability were investigated through numerical
analysis. Ensuring aerodynamic stability in rocket systems is crucial for preventing yaw and instability, especially during high-speed flight. In
this context, four different fin geometries—forward-swept delta, forward-swept delta, elliptical, and trapezoidal—were evaluated using both
OpenRocket simulations and ANSYS Fluent-based Computational Fluid Dynamics (CFD) analysis. OpenRocket determined the rocket's
Center of Pressure (CP) and center of mass (CG) and calculated the static margins. Lift, drag, and moment values for each fin type were
obtained through CFD analysis. Furthermore, the obtained data were fed into a flight dynamics model created in MATLAB to analyze their
time-varying orientations. The results showed that elliptical fins offer the most efficient solution with minimum drag coefficients, while forward-
swept delta wings are superior in terms of altitude and lift performance. The results of the study provide engineering-based recommendations
for the optimum selection of stabilizers in the rocket design process.

Keywords: Rocket aerodynamics, wing geometry, static margin, CFD, OpenRocket.
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Roketlerde kanat tiplerine gore stabilite analizi

1. GIRIS

Roket teknolojisi, havacilik ve uzay endustrisindeki en 6nemli mithendislik disiplinlerinden biridir ve insanligin
uzay ugusu hayalini ger¢eklestirmesini saglar (Huang & Huzel, 1992), (Fortescue, Swinerd, & Stark, 2011), (Sutton &
Biblarz, 2016). Hem askeri hem de sivil amaglarla kullanilan roket sistemleri yapisal biitinliik, itme giici iretimi, yon
kontrolii ve aerodinamik kararlilik gibi cesitli teknik unsurlarin koordinasyonu sayesinde etkin bir sekilde calisir
(Anderson, 2010), (Sadraey, 2012). Ozellikle ucus kararliligt hem giivenlik hem de ugus hassasiyeti agisindan bu
sistemler icin 6nemli bir performans gostergesidir (Abzug & Larrabee, 2002), (Barokah v.d., 2024), (Barnard &
Philpott, 2010).

Fizelere ucus sirasinda etki eden aerodinamik kuvvetler ile tasarim ve gidim parametreleri tasarimlarda
belirleyici bir rol oynar. Kararlilik, 6zellikle transsonik ve siipersonik hizlarda sistemin sapmalardan kurtulma
yetenegine dogrudan baghdir (Ruffles & Dakka, 2016), (Wibowo, Sutrisno, & Rohmat, 2018). Bu baglamda, kuyruk
sistemleri tasartimda kilit bir rol oynar ve roketin hem aerodinamik kararliligint hem de yon kontroliinii saglar (Sutton
& Biblarz, 2016), (Abzug ve Larrabee, 2002).

Roket kararliligini belirleyen temel parametrelerden biri basing merkezi (CP) ile agitlik merkezi (CG) arasindaki
mesafedir. CP etkili aerodinamik kuvvetlerin uygulama noktasini temsil ederken, CG roketin kiitle merkezinin
konumunu temsil eder (Anderson, 2010). CP'nin CG'nin arkasindaki konumu, sistemin pozitif bir statik marja sahip
oldugunu, yani roket ekseni etrafinda olusabilecek sapmalardan kurtulma egiliminde oldugunu gésterir (Barokah v.d.,
2024), (Bordachev, 2023). Ancak bu denge yalnizca kiitle dagilimina degil ayn1 zamanda kanatlarin geometrik yapisina
da baglidir (Boumrar & Djebali, 2019).

Bu baglamda, literattirde roket kararliligi tizerine ¢ok sayida deneysel ve sayisal ¢alisma yiritilmistir. Smith
ve Johnson farkli kanat tiplerinin yitksek hizlarda CP (konum dizlemi) konumu tzerindeki etkisini riizgar tiineli
testleri ve Hesaplamalt Akiskanlar Dinamigi (HAD) analizleri kullanarak arastirmis ve delta kanatlarin stipersonik ugus
icin daha uygun oldugunu gostermistir (Ruffles & Dakka, 2016). Barokah v.d. eliptik, trapezoid ve delta kanatlarin
kaldirma kapasitelerini karsilastirarak, trapezoid kanatlarin kiiciik roketler icin kararlilik ve performans sagladigini
gostermistir (Barokah v.d., 2024). Boumrar ve Djebali, CP konumunun degiskenligini analiz etmis ve HAD verilerini
kullanarak kanat tasariminin kararhlik Gzerindeki etkisini dogrulamistir (Boumrar & Djebali, 2019).

(Wibowo, Sutrisno, & Rohmat, 2018) calismast delta kanat kontroliiniin ytksek irtifa ucus kogsullarinda
tirbllanslt akislar tGzerindeki etkisini deneysel olarak dogrulamustir. Cesnik v.d. kompozit kanat malzemelerinin
elastikiyetinin dinamik stabilite tzerindeki etkisini arastirmis ve dinamik davramisa odaklanan ileri siipiirme
kanatlarinin aeroelastik etkilerini analiz ederek bu kanatlarin 6zellikle kiicik sapmalarda daha disik séniimleme
sagladiklarini gdstermistir (Cesnik, Hodges, & Patil, 1990).

Sayisal modelleme agisindan bakildiginda, HAD roket acrodinamiginde en yaygin kullanilan analitik araclardan
biri haline gelmistir (ANSYS, , 2020), (Sutton & Biblarz, 2016). ANSYS Fluent gibi karsilastirma araclart acrodinamik
kuvvet dagilimlarini, basing farklarini, sinir tabakast olusumunu ve kaldirma/surukleme kuvvetlerini hesaplamada
yitksek dogruluk sunar (Cesnik, Hodges, & Patil, 1996), (Bordachev, 2023). Ancak, HAD analizinin giivenilirligi, ag
kalitesi, uygun sinir kosullari ve tiirbtilans modeli secimi gibi faktérlere baglidir (Anderson, 2010), (Boumrar & Dijebali,
2019). Bu nedenle, farkli kanat geometrilerinin bir HAD ortaminda karsilastirmali analizi hem sayisal dogruluk hem
de mithendislik karar destegi agisindan 6nemlidir.

Ayrica, OpenRocket gibi actk kaynakli simtilasyon araclari 6n tasarim ve ilk kararlihik analizi icin pratik ¢bztimler
sunar (OpenRocket, 2023). CP ve CG hesaplamalarinin kolay yapiabilmesi, bu yazilimin mithendislik egitiminde ve
tasarim meraklilari arasinda yaygin olarak kullanilmasini saglar. Ancak, OpenRocket hizlt ve karmasik tirbiilansh akis
kosullarinda sinirli dogruluk sagladigindan sonuglarin HAD kullanilarak dogrulanmasi gerekmektedir (Barokah v.d.,
2024), (Boumrar & Djebali, 2019).

Bu calismada, OpenRocket yazilimi kullanilarak yapilan 6n analizler ve ANSYS Fluent tabanlh HAD
simulasyonlari araciligiyla dort farkll kanat geometrisinin (trapezoid, eliptik, geriye dogru taranmis delta ve ileriye
dogru taranmus delta) roketin statik kararhligr tizerindeki etkisi kapsamli bir sekilde incelenmistir. Kaldirma kuvveti,
strtikleme, CP-CG konumu ve statik matj tlim analizlerde karsilastirilmigtir.
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2. YONTEMLER

Bu calismada, dort farkli kuyruk (kanat) geometrisine sahip bir roket modelinin kapsamli bir analizi simiilasyon
yontemleri OpenRocket ve HAD kullanilarak gerceklestirilmistir. Elde edilen aerodinamik kuvvet degetleri
MATLAB'da olusturulan bir ugus dinamigi modeli kullamlarak zamanla degisen kararlilk acisindan da
degerlendirilmistir.

2.1. Geometrik Modelleme

Roket govdesi ve kanatlart SolidWorks yazilimi kullanilarak ti¢ boyutlu olarak modellenmistir. Roket gévdesi
konik 6n kisma sahip silindirik bir yapiya sahiptir. Roket gévdesinin uzunlugu, ¢ap1 ve kiitlesi tiim varyantlarda sabit
tutulmus, yalnizca kanat geometrisi degistirilmistir. Bu baglamda dort kanat tipi test edilmistir (Rahman v.d., 2013),
(Roberts, 2000):

e Eliptik Kanat (Sekil 1),

e Trapez Kanat (Sekil 1),

e  Geriye Ok acili Delta Kanat (Sekil 1),
e One Ok Agitli Delta Kanat (Sekil 1).

Eliptik Geriye Ok Acili Delta

Trapez One Ok Agih Delta

Sekil 1. Kanat Geometrilerinin ve Roket Tasariminin 3B Cizimi

Her kanat, simetri saglamak icin gévdeye 90° aciyla yerlestirilmistir. Ttm kanatlar ayni alana (yaklasik 0,006 m?)
sahip olacak sekilde degistirilmistir. Bu durum geometrik parametrelerin acrodinamik performans tizerindeki etkisinin
ayrt ayrt degerlendirilmesine olanak saglamistir.

2.2. Ag Yapist ve HAD Modellemesi

Geometrik modeller ANSYS Meshing ile altt ylizli hiicreler kullanilarak yapilandirilmistir. Smir tabakasinin
etkisini 6zellikle kanat-g&vde araytiziinde daha dogru bir sekilde temsil etmek icin sisirilmis katmanlar kullanilmistir.
Ag kalitesi ortalama hticre boyutu 10 mm, toplam hiicre sayist yaklasik 1,25 milyon, asimetri (sapma) 0,25’ten kii¢tk,
ortogonal kalite 0,85’ten biiyiik olacak sekilde yapilmustir (Faery, Strozier, & Ham, 1981), (Mahmood & Das, 2019).
Sekil 2’de mesh yapilart gosterilmistir.

Sekil 2. ANSYS Programinda Mekanik R1 Araciligi ile Mesh Yapist Olusturulan
Farkli Kanat Tiplerine Sahip Roketlerin Mesh Goriintileri
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Ag bagimsizligi analizi ¢6zunirlik sapmasinin %0,1'den az oldugunu ve son analizde dgiinci ag
konfigiirasyonunun tercih edildigini géstermistir.

(C6ztm Kurulumunda kullanilan modeller ve ayarlamalar sunlardir:

e Turbulans Modeli: k-w SST,

o  Akis Turl: Kararl, Sikistirilamaz, Newtoncu,

e  Sinir Kosullar:

o  Giris: Sabit hiz (343 m/s — Mach 1, deniz seviyesi kosullari),
e  Cikis: Sabit cikis basinct,

e Duvarlar: Kaymayan kosullar.

k-w SST tirbiilans modeli sinir tabakasindaki yitksek dogrulugu ve ana akista kararli ¢6zimler tretebilme
yetenegi nedeniyle 6zellikle kanat analizi icin tercih edilen bir yontemdir.

2.3. OpenRocket ile Statik Kararlilik Analizi

OpenRocket actk kaynakli bir roket simiilasyon yazilim: ve kanat tasariminin etkilerini degerlendirmek icin
pratik bir aragtir. Statik sinir degerleri CP (basing merkezi) ve CG (kiitle merkezi) konumlarina gére otomatik olarak
hesaplanabilir (OpenRocket, 2023). Bu ¢alismada, dort farklt kanat tipi icin asagidaki parametreler elde edilmis ve
karsilastirdmistir: Kiitle merkezi (CG), basing merkezi (CP) , statik matj (boyut olarak), maksimum kalkis yiiksekligi
(Apogee, m), maksimum hiz (m/s) karsilastrilan verilerdir NASA Glenn Research Center, t.y.-a), (NASA Glenn
Research Center, t.y.-b). Tlgili detaylar Sekil 3’te gosterilmistir.

1

B eaioy  1TPE2 51 s
2 e (Mach | 51 mvs (Mach 1.344)

Sekil 3. OpenRocket ile Olusturulmus Farkli Kanat Tiplerindeki Roketlerin Kitle Merkezi (CG),
Basin¢ Merkezi (CP), Statik Marj (Boyut Olarak), Maksimum Kalks Yiksekligi (Apogee, m),
Maksimum Hiz (m/s) Verileri

Tium varyantlar icin motor karakteristikleri yalnizca aerodinamik farkliliklar dikkate alinarak sabit tutulmustur.
Elde edilen veriler HAD hesaplamalarinin sonuglartyla bitlikte analiz edilmistir.

2.4. MATLAB'da Zamansal Kararlilik Analizi

Bu calismada, ANSYS Fluent yaziliminda gerceklestirilen HAD analizlerinden elde edilen aerodinamik tiirevler
ve kuvvet/moment verileri, MATLAB ortaminda gelistirilen ti¢ serbestlik dereceli (3-DOF) bir roket ucus modeli
icine entegre edilmistir. Bu model, Newton-Euler hareket denklemleri temel alinarak olusturulmus ve sistemin zamana
bagli yonelimsel kararliligt analiz edilmistir.

Modelde kullanilan temel parametreler su sekildedir: Ucus hizi u0=450 m, kiitle m=12,2 kg, boylamsal atalet
momenti Iy=3,98 kg, hava yogunlugu 0=1,225 kg/m3, referans ylizey alani S=0,7666 m? ve ortalama aerodinamik
kord uzunlugu ¢=0,132 m olarak tanimlanmustir. Aerodinamik tiirevler HAD ¢iktilar1 dogrultusunda; kaldirma egimi
katsayist CLa=4,81, egim momenti katsayist CMa=—0,81 ve yalpa momenti tiirevi CMq=—450 olarak belirlenmistir.

Bu verilere dayanarak olusturulan .4 durumu matrisi, asagida verilen bicimde sistem haline getirilmistir:

0. E'qu[]sf:'LO
iy 1 ) 0
A — 0.5pu0ScCiq 0.5pupSe” Chyy 0
Ly 2Uyyuo

0 1 0
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Model, MATLAB ortaminda durum uzayi (state-space) modeli olarak ¢6zlimlenmis; baslangi¢c hiicum agist
o=5° olan bir durum i¢in sistemin zamana baglh davranist analiz edilmistir. Elde edilen grafiklerde;
e Hiicum agistnin (o) zamanla azalarak sontimlendigi,
®  Yalpa hrzinin (q) pozitif bir tepe degere ulasip kisa stirede sifira yaklastigy,
e Pitch acisinin (0) ise zamana bagl olarak dengeli bir artis gésterdigi
gozlemlenmistir. Ek olarak, sistemin 4 matrisine ait 6zdegerler hesaplanmis ve tim 6zdegerlerin reel kisminin negatif

ctkmast sistemin boylamsal eksen etrafinda asal kararlt oldugunu dogrulamistir. Bu durum hem eliptik hem de ileri ok
acili delta kanath konfigiirasyonlar icin 6zellikle belirgindir.

2.5. Kargilagtirmali Degerlendirme Yontemi

Her kanat tipi i¢in asagidaki parametreler karsilastirmalr tablolar ve grafikler kullanilarak degerlendirilmistir:

e Statik marj (boyut olarak),

e Maksimum kalkis yitksekligi (Apogee, m),

e Kaldirma katsayisi (CL),

e Ucak suriitkleme katsayist (CD),

e (P ve CG arasindaki mesafe,

e HAD kullanilarak elde edilen basing dagilima.

Veriler OpenRocket ve ANSYS Fluent sonuglariyla karsilastirilmis ve literatiitle tutarlilik saglamak icin sayisal
dogruluklart dogrulanmustir (Barokah v.d., 2024).

3. SONUCLAR

Bu bélimde, dort farklt kanat tipinin (eliptik, trapez, ileri ok acili delta ve geri ok acili delta) bir roketin
aerodinamik ve dinamik kararhhigr tGzerindeki etkileri ¢esitli analiz yontemleriyle elde edilen veriler kullanilarak
degerlendirilmistir. OpenRocket simiilasyonlarindan elde edilen statik marjlar ANSYS Fluent ile gerceklestirilen HAD
analizlerinden elde edilen basing ve akis dagilimlart ve MATLAB'da modellenen ucgus dinamikleri grafiksel olarak
sunulmus ve karsilastirmali olarak yorumlanmustir.

3.1. OpenRocket Sonuglari

OpenRocket simiilasyonlart roketin agirlik merkezi (CG) ve basing merkezi (CP) noktalarindan tiiretilen her
kanat tipi icin statik marj degerlerini ve bu degerler arasindaki farklar saglamustir. Statik matj sistemin ilk sapmaya
karst kararliiginin 6nemli bir géstergesidir. Bununla ilgili ana sonuglar agagida verilmistir:

e Eliptik kanat konfiglirasyonu en ytiksek statik marj1 sunarak onu en kararli konfigiirasyonlardan biri haline
getirmistir.

e One dogru egimli delta kanatlar yiiksek irtifadaki en boy oranlariyla dikkat cekmelerine ragmen sinira yakin
bir statik matj saglamistir.

e Geriye dogru egimli delta kanatlar ve trapez kanatlar benzer marj degetleriyle orta dizeyde stabilite
saglamustir.

e Tim konfigiirasyonlar genellikle 1,66 ile 1,67 arasinda pozitif statik marjlar saglayarak ucus stabilitesi i¢in

temel kosullart saglamistir.

Sekil 4'teki grafikler, dort farkli konfiglirasyon icin statik marjlarin karsilastirmalarint gostermektedir.
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Sekil 4. Statik Marj Karsilastirmastnin Bir Grafigi
3.2. HAD Sonuglar1

ANSYS Fluent ile ger¢eklestirilen HAD analizleri her bir kanat geometrisinin aerodinamik performansini
aciklamistir. Kanat profillerinden ve basing dagilim egrilerinden elde edilen gorsellestirmeler akis ayrimi, kaldirma
kuvveti tiretimi ve siiriikleme alanlarinin incelenmesine olanak saglamistir. Yapilan analizlerden elde edilen sonuglar
asagida verilmistir.

e FEliptik kanat en dusiik toplam striklenme katsayisint (yaklastk 10°) sergilemis ve yuksek aerodinamik
verimlilik g6stermistir.
o Tleriye dogru egimli delta kanat cok yiiksek kaldirma ve tepe noktast degerleriyle yiiksek performansli bir yapi

sergilemistir.
e Geriye dogru egimli delta kanat yiizeyde daha kararli bir basing dagilimi saglayan geriye dogru akis ayrimi
sergilemistir.

e Trapezoid kanat dengeli kaldirma ve stiriklenme degetleriyle kararli ancak orta diizeyde verimli bir yapi
sergilemistir.
Sekil 5 ve Sekil 6’daki grafikler sirasiyla, dort farkhi kanat profiline gbre basing egrilerinin ve hiz vektor
egrilerinin kargilastirmalarint géstermektedir.
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Sekil 6. Kanat Profillerinin ve Hiz Vektér Egrilerinin Gortintiileri

3.3. MATLAB Dinamik Stabilite Sonuglar1
OpenRocket ve HAD ile elde edilen aerodinamik parametreler MATLAB ortaminda gelistirilen bir ucus
dinamigi modeline entegre edilmistir. Sistemin hticum ags1 (o), egim hizi (q) ve egim agst (0) zaman icinde analiz
edilmigtir. Grafikler (Sekil 7) bu parametrelerin on saniyelik bir ugus senaryosundaki zamansal evrimini
gostermektedir. Bu kisimda elde edilen veriler asagidaki sonuglart ortaya koymaktadir:
e Tim konfigiirasyonlar zamanla su formiille verilen ilk sapmadan kurtulabilen kararl bir yap: sergilemektedir:
o=5°.
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e Tleri hareket eden delta konfigiirasyonu daha biiyiik bir genlige ancak daha hizli bir séniimleme salinimina

sahiptir.
e Eliptik ve trapez kanatlar disiik genlige ve yavas bir séniimleme tepkisine sahip daha yumusak bir gecis profili
sergilemektedir.
e Sistemin Gzdegerleri tiim konfigiirasyonlar i¢in negatif bir reel kisim sergileyerek kararli bir davranigt
dogrulamaktadir.
Eliptik .
e Hiicum Agisi (Angle of Attack) Geriye Ok Actl Delta
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Sekil 7. Hiicum Agist, Egim Hizt ve Egim Acisinin Zaman Serisi Diyagramlart
3.4. Genel Degerlendirme

Bu caligmada, akis tabanlt HAD ve MATLAB kullanilarak farkli kanat geometrilerine sahip roketlerin kararliligy,
aerodinamik verimliligi ve dinamik davranist incelenmistir. Sonuglarin karsilastirmali degerlendirmesi asagida
sunulmustur:

3.41. Verimlilik

HAD analizinden elde edilen veriler eliptik kanatlarin en diigiik aerodinamik diren¢ katsayilarini (CD)
sagladigint gostermistir. Akis dagilimi analizi sinir tabakast ayrismasinin 6nlendigini ve eliptik kanatlar tizerinde basing
dagiliminin daha homojen oldugunu géstermistir. Bu nedenle, eliptik kanatlar diistik aerodinamik direncin 6nemli
oldugu uzun mesafeli ucuslar icin uygun bir se¢imdir.

Ote yandan, delta kanatlar yiiksek hizlarda akist ve diisiik dalga direncini kontrol etme kabiliyetleriyle 6ne cikar.
Mach 0,3'teki simtlasyonlar geriye ok acili delta kanada sahip roketin maksimum 5 m/s hiza ulastiini gostermistir.
Bu bulgu literatiirde yiiksek hizli ugus icin delta kanatlara yonelik tercihin dogrulugunu teyit etmektedir (Anderson,
2010).
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3.4.2. Irtifa ve kaldirma kuvveti

OpenRocket simiilasyon sonuglari geriye ok acili delta kanatli roketin 2.240 m maksimum irtifaya ulastigin
gOstermistir. Bu sonu¢ delta kanat geometrisinin yitksek kaldirma kuvveti (CL) uretme kabiliyetinden
kaynaklanmaktadir. Eliptik kanatlar 2.154 m, trapez kanatlar 2.154 m ve 6ne ok acili delta kanatlar 2.133 m irtifaya
ulagmustir; ki bu etkileyici bir sonugtur. Bu sonugla tutarli olarak, geriye ok acilt delta kanat tasarimi zorlu ylksek irtifa
gorevleri icin en iyl ¢6zimi sunmaktadir.

3.4.3. Statik kararlilik

Statik matj degetlerinin analizi tim konfiglirasyonlarin 1,6-1,7 kalibre araliginda gtvenli bir kararlilik marjt
sundugunu gostermektedir. Ayrica, trapez kanatlar daha tutarlt bir CG-CP pozisyonunu koruyarak hiz araliginda daha
az degisken bir kararlilik sergilemistir. Geriye ok acili delta kanatlar da yitksek hizlarda 6nemli bir statik kararlilik
gOstermis ve bu statik kararhilik 6zellikle belirgin olmustur. Bu durum delta geometrisinin siipersonik hizlara gegiste
de bir avantaj saglayabilecegini diisiindiirmektedir (Barokah v.d., 2024).

3.4.4. Dinamik olarak kararlik

MATLAB'da gerceklestirilen ti¢ serbestlik dereceli durum uzay: analizi kanat tipine baglt olarak dinamik ugus
tepkilerini ortaya koymustur. Eliptik ve trapez kanatlar hiicum agisindaki kii¢iik degisikliklere daha yumusak ve daha
sénimla  tepkiler gostermistit. Bu konfiglirasyonlar Oncelikle distik frekansl salinimlarin hizli bir sekilde
séniimlenmesi yoluyla uzun vadeli ucus karatlihigr saglar. Ote yandan, geriye ok agilt delta kanatlar agresif ancak hizl
bir tepki sergilemistir. Bu durum, yitksek manevra kabiliyeti gerektiren gérevlerde avantaj saglarken, ayni zamanda
hassas kontrol algoritmalarina olan ihtiyact da gdstermektedir. Bununla birlikte, geriye ok acili delta kanatlar kontrol
edilebilirlik icin yeterli stabilite saglamis, ancak distik hizlarda akis ayrilmasina daha yatkin olmustur.

3.4.5. Genel sonuglar

Yapilan tim degerlendirme analiz ve degerlendirmeler 1s1inda asagidaki genel sonuglar ortaya konmustur:

e Yiksek irtifa ve yliksek hizin 6ncelikli oldugu gérevler icin geriye ok acilt delta kanatlar tercih edilmelidir.

e Dusiik acrodinamik siiriiklenme ve verimliligin son derece 6nemli oldugu gérevler icin eliptik kanatlar en
uygun secimdir.

e Stabilitenin kritik oldugu durumlarda trapez kanatlar giivenilir bir ¢6ziim sunar.

e (Ceviklik ve tepki hizt gerektiren gérevler igin 6zellikle geriye ok acili sahip delta kanatlar tercih edilir.
Ozetle, calismada kullanilan OpenRocket, HAD ve MATLAB yéntemleri kanat geometrisinin bir ugagin ugus

Ozelliklerini belirlemede 6nemli bir parametre oldugunu gdsteren daha fazla bulgu saglamistir. Calisma, farkli kanat
tiplerinin avantaj ve sinirlamalarini kargilastirmak icin tasarim siirecinde kullanilabilecek 6nemli mithendislik verileri
sunmaktadir.
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S6z konusu degildir.

VERI VE MALZEME MUSAITLIGI

Bu calismada analiz edilen roket geometrileri SolidWorks ortaminda modellenmis ve ardindan 3B yazict kullanilarak PLA
malzeme ile fiziksel olarak iiretilmistir. Uretilen modeller HAD ve OpenRocket analizlerine paralel olarak dogrulama amach

kullanilmustir. Talep edilmesi halinde 3B model dosyalart (STL formatinda) ve simiilasyon girdileri aragtirmacilara saglanabilir.

GIKAR CATISMALARI

Yazarlar herhangi bir ¢ikar catismalarinin bulunmadigini belirtmektedir.
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