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JOURNAL INFORMATION

About

International Journal of Aeronautics and Astronautics (IJAA) is refereed and interdisciplinary
journal focused on publication of the original article, essay / review and scientific the
translation aimed at contributing to the field of aviation management and technology in
Turkey and the world. Our journal aims to contribute to science by taking place in national
and international indexes. Journal publication languages are English and Turkish (only for
Social Sciences). Our journal, which adopts an open access policy, can be accessed free of
charge.

International Journal of Aeronautics and Astronautics is a refereed academic journal published
two times a year in June and December months in order to increase the quality of the articles
published in the journal, to organize the publication and review process according to the
expectations of the reviewers and authors, and to manage the processes with the right
publication policy, the journal publication period has been arranged as 2 times a year as of
2023.

Aim and Scope

The International Journal of Aeronautics and Astronautics is a double-blind peer-reviewed
(reviewed by at least two reviewer), open access and online journal, covering all areas of
aviation management and technology. It is an interdisciplinary journal focused on original
articles, essays/reviews, letters to the editor, case reports, book reviews and scientific
translations, aiming to contribute to the field of aviation management and technology in
Turkiye and in the world. Journal publication languages are English and Turkish (only for
Social Sciences). The journal accepts manuscript in every publication period.

The articles in the journal are aimed at researchers, practitioners and undergraduate/graduate
students who are interested in all the main elements of the aviation industry (airlines, airports,
air traffic management, aircraft engineering, mechanical engineering, avionics engineering,
etc.).

Subject Category
The journal presents studies on the following topics under the main areas of social and
technology:

Social Sciences

Safety Management Systems, Air Traffic Management, Air Transportation Management,
Airport Planning and Management, Aviation Management, Aviation Physiology, Aviation
Security, Aviation Law, Aviation Meteorology, Aviation Psychology, Aviation Sector Studies,
Aviation History, Aviation Safety and Security Management, Financial Management in
Aviation, Human Resources Management in Aviation, Aviation Logistics Management,
Organizational Behavior in Aviation, Aviation Marketing Management, Risk Management in
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Aviation, Ground and Cabin Services in Aviation, Airport Design, Airline
Industry/Commercial Aviation, Airline Management, Flight Operations Management.

Technology

Aerodynamics, Aeroelastic Analysis and Design, Fluid Mechanics, Avionic Systems,
Multidisciplinary Design Optimization, Aircraft Maintenance and Repair, Aircraft Propulsion
Systems, Aviation Rules, Aviation Materials, Aviation Training, Aviation and Artificial
Intelligence, Aviation Structures, Human Factors in Aviation, Helicopter Design,
Computational /Experimental Fluid Dynamics/Mechanics, Heat Transfer and Combustion,
Unmanned Aerial Vehicles, Navigation Systems, Measurement and Modeling, Aircraft
Airframe Engine and Maintenance, Aircraft Performance, Aircraft Design, Flight Mechanics,
Flight Dynamics and Control, Satellite Technologies, Gas Turbine Engine, Aviation Oils and
Fuels, Aircraft Engine, Other Aircraft and Technologies.

Publication Language
Full Text Publication Language: Primary Language: English; Secondary Language: Turkish

Manuscripts Submissions

The corresponding author sends his manuscript to the journal via the Turkish DergiPark
System. The submitted manuscript must not have been previously published or under
evaluation. The copyright form and ethics committee permission document should also be
sent with the submitted manuscript.

Article Processing Charge

All charges of the Journal of Aeronautics and Astronautics are covered by Selcuk University.
The publication of articles and the execution of article processes in the journal are free of
charge. No processing fee or submission fee is charged under any other names. As part of its
publication policies, Journal of Aeronautics and Astronautics does not accept sponsorship or
advertisements.

Peer review

The all submitted manuscripts are subject to a peer review process in order to Editorial Board
in making editorial decisions. Thus, the author may improve and increase quality of paper.
Also, it assist the author in improving the paper.

Reviews are double-blind procedure. The least two positive comments should be obtained for
acceptance of the paper. Reviewers may suggest also minor or major revision. If major revision
is decided by reviewers, the revised paper can be sent again to the reviewers for their final
decisions. There are no fees for reviewers.

Reviewers are determined by editor. Editor can also prefer the reviewer’s choice from suggests
of authors. Reviewers must be experts in the subject of paper. There should be no conflict of
interest between the authors and the referees. The authors will definitely not know the name
of reviewers. The editorial board will provide it. Besides, the reviewers also will not know
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each other's identity. The reviewers will evaluate independently of each other. In case the
reviewers make different decisions (accept/decline), the Editor may submit the article to
another reviewer for evaluation.

The Publishing Ethics

The International Journal of Aeronautics and Astronautics adopts the following national and
international standards for research and publication ethics:

1. Turkish Press Law,

2. Law on Intellectual and Artistic Works of Turkish,

3. Higher Education Institutions Scientific Research and Publication Ethics Directive of
Turkish,

4. Committee on Publication Ethics (COPE),

5. Council of Science Editors (CSE),

6. World Association of Medical Editors (WAME),

7. International Committee of Medical Journal Editors (ICMJE)

8. Directory of Open Access Journals (DOAJ)

9. Open Access Scholarly Publishers Association (OASPA)

Plagiarism Prevention Control

All manuscript submitted for publication are reviewed by the “iThenticate” plagiarism
program. As a result of the examination, the plagiarism/similarity rate can be up to 25%.
Manuscript with a plagiarism/similarity rate above 25% are directly rejected by the editorial
board.

Withdraw, Retraction and Publication Malpractice Policy
Before or during the evaluation of the article; The article should be withdrawn by the author
because of the important changeable errors detected by the authors, the editorial board or the
reviewers. For example; double posting of the article by mistake, typographical errors,
incomplete data entry and etc.
The following reasons are the reasons why the article is retracted even if the article is ready
for publication.

e Multiple submissions

e Bogus claims of authorship

e Plagiarism

e Fraudulent use of data etc.
If the article has been published, the reader will see the retraction note of the article
electronically via a link before reaching the original article. He then reaches the original article
with a watermark that says "RETRACTED" on each page.
After the article is published, it may be necessary to change the article for reasons other than
those that require the article to be retracted. In this case, the new version of the article is
published in the last issue of the journal. Necessary explanations for the change are specified
in this new version and a link is made to the previous version.
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Archiving and Data Distribution Policy

The editor ensures that published material is securely archived. The Journal of Aeronautics
and Astronautics sends all published articles it publishes on an open-access basis, without
further intervention from the author(s), to archives, where they are made fully available. The
Author or its funding body may deposit a copy of the Author’s Accepted Manuscript in
archiving sites. The Journal of Aeronautics and Astronautics author license allows reuse with
attribution of the origin of the article (a full citation) for non-commercial use only. For
commercial use, permission from the authors is required.

The Journal of Aeronautics and Astronautics is committed to keeping research articles open
access, with reuse via CC-BY-NC Creative Commons licenses, and to depositing the full-text
content in the archive platforms as well as full open access on
https:/ /dergipark.org.tr/en/pub/ijaa

Archiving Policy: LOCKSS
Repository Policy: Publisher's Own Site

Articles published in Journal of Aeronautics and Astronautics are archived digitally in
LOCKSS. In addition, published articles can be accessed by the author in the institutional
archive of the university (DSpace, AVESIS, etc.), subject archives, or other archives without
the embargo period. So, anyone can access this publication for free.

Journal of Aeronautics and Astronautics (e-ISSN: 2757-6574), is pleased to announce its archive
policy in line with its policy of supporting the dissemination of research results:

e Journal of Aeronautics and Astronautics allows authors to use the final published
version of an article (publisher pdf) for self-archiving (author's personal website)
and/or archiving in an institutional repository after publication.

e Authors may self-archive their articles in public and/or commercial subject-based
archives. There is no embargo period, but the published source should be cited, and a
link should be set to the journal homepage or DOI of the articles.

e Authors can download the output of the article as a PDF document. Authors can send
copies of the article to their colleagues without any embargo.

e Selcuk University Press allows all versions of articles (sent version, accepted version,
published version) to be stored in an institutional or other archive preferred by the
author without embargo.

e The Journal of Aeronautics and Astronautics uses the LOCKSS system to allow
permanent archives to be created. Based on Stanford University Libraries, the LOCKSS
Program provides award-winning, low-cost, open-source digital preservation tools to
provide libraries and publishers with access to permanent and authoritative digital
content. The LOCKSS Program is a library-led digital preservation system built on the
principle of "securing large numbers of copies". The LOCKSS Program develops and
supports libraries using open-source end-to-end digital preservation software.
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Published Version

OA Publishing: Open Access

OAL https:/ /dergipark.org.tr/api/ public/oai/ijaa/

LOCKSS: https:/ / dergipark.org.tr/en/pub/ijaa/lockss-manifest

RSS: https:/ /dergipark.org.tr/en/pub/ijaa/rss-feeds

Embargo: No Embargo

Licence: CC BY-NC 4.0

Copyright Owner: Authors (Authors retain copyright, without restrictions)

Location: Institutional Archive, Crossref, Journal Website, Journal Website, Institutional Site,
Author's Personal Website, Public and/or Commercial Subject Based Archives.

Policy Conditions: The journal should be cited in accordance with the citation and citation
standards. It should be linked to the publisher version with the DOI.

Accepted Version

Embargo: No Embargo

Location: Journal Website, Institutional Site, Author's Personal Website, Public and/or
Commercial Subject Based Archives.

Copyright Owner: Authors (Authors retain copyright, without restrictions)

Submitted Version

Embargo: No Embargo

Location: Journal Website, Institutional Site, Author's Personal Website, Public and/or
Commercial Subject Based Archives.

Persistent Article Identifier: DOI
The Journal of Aeronautics and Astronautics uses the digital object identifier (DOI).

Authorship and Contributorship

After manuscript is submit to the Journal, the name of any of the authors cannot be deleted
from the list of authors without the written consent of all authors, a new name cannot be added
as an author, and the order of authors cannot be changed.

Author Contribution Rate Statement
In the manuscript, the contribution rate statement of the researchers, support and
acknowledgment statements, if any, and conflict of interest statement should be stated.

ETHICAL PRINCIPLES AND PUBLICATION POLICY
Editorial Responsibilities
The Editor-in-Chief, Managing Editor and International Editorial Board are responsible for

deciding which articles submitted to International Journal of Aeronautics and Astronautics
will be published.
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The Editor-in-Chief reserves the right to decide not to publish papers that the journal deems
insufficient in terms of content and quality.

The all editorial team of journal must hold no conflict of interest with regard to the articles
they consider for publication.

The Editor-in-Chief and other editorial members shall evaluate manuscripts for their
intellectual content free from any racial, gender, sexual, religious, ethnic, or political bias.
Editors treat all submitted manuscripts as confidential documents; this means that they will
not disclose information about an article to anyone without the permission of the authors.
During the article review process, the following people can access the articles: Editors,
Reviewers, Editorial Board Members. The only situation in which details about a manuscript
may be passed on to a third party without the consent of the authors is if the editor suspects
serious research misconduct. If the editor suspects an ethical violation or if there is an alleged
violation, they are obliged to take action. This task covers both published and unpublished
articles.

Author's Responsibilities

The authors ensure that the paper is the original study and that it has not been published in
another journal and that the same paper has not been sent to another journal in parallel.

The Authors also warrant that the manuscript is not and will not be published elsewhere (after
the publication in International Journal of Aeronautics and Astronautics) in any language
without the consent of the Editorial Board.

If the submitted paper is the result of a research project, or if it has been presented at a
conference before, or if there is any institution or organization that supports the paper, the
authors must present this information in the Acknowledgments section.

It is the authors' responsibility to ensure that the submitted paper conforms to ethical
standards. Confirming that the information in the manuscript is not unfounded or unlawful
and does not violate the rights of third parties, it meets any claims compensation from this
situation and the publisher cannot be held legally responsible.

Protection of Participants' Personal Data
International Journal of Aeronautics and Astronautics accepts and applies the Personal Data
Protection Principles accepted by Turkish Dergipark.

Plagiarism

Presenting another person's ideas, words, sentences or creative expressions as his own is a
clear plagiarism in terms of scientific ethics.

It is considered plagiarism to use a specific statement from another author's study in one's own
study without clearly citing the source, not citing the source correctly, or using the source
without permission. The article of the author determined to be plagiarized will be rejected
directly.
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Twin Publishing

Twin publishing is the publication of the same article or substantially similar articles in more
than one journal. The editor returns this type of article without review. After that, the editor
may impose an embargo on the author attempting to twin publishing for a certain period of
time, explain this situation to the public in the journal in which the author has previously
published (perhaps as a simultaneous announcement with the editor of the journal that
published the previous article), or apply all of these measures together.

Simultaneous submission of the same manuscript to more than one journal

Authors cannot submit the same manuscript to more than one journal at the same time. The
editor reserves the right to consult the other editor(s) receiving the manuscript if it learns of
possible simultaneous submission. In addition, the editor may return the article without
review or reject it without considering the reviews, or take this decision by discussing it with
the other relevant editor(s) and may decide not to accept manuscript submissions from the
authors for a certain period of time. It can also write to the authors' employers or implement
all of these measures together.

Ethical Violation Notices

When readers notice a major error or inaccuracy in an article published in the International
Journal of Aeronautics and Astronautics, or have any complaints about editorial content
(plagiarism, duplicate articles, etc.), they can send an e-mail to jjaa@selcuk.edu.tr. can make a
notification.

Conflict of interest

Authors must explain the people, institutions and organizations that may have conflict of
interest.

Reviewers responsibilities

The Reviewers should submit their unbiased opinions in writing on the scientific value and
originality of the paper in a timely manner.

The reviewers evaluate the submitted article according to the scope of the journal, the
originality of the subject, the presentation of the article, scientific quality and characteristic.
The reviewers should warn the editor when they detect an ethical violation, significant
similarity with a manuscript published elsewhere, and such situations.

The Reviewers should not have a conflict of interest with the authors or the institutions or
organizations that support the paper. Such a situation should be reported to the editor.
Reviewers must be impartial when evaluating the paper. It should clearly express its opinions,
thoughts and criticisms with supporting arguments.

All documents sent to the reviewers for review should be considered confidential. Subject and
materials specified in the papers cannot be used without the permission of the authors. If this
information is used for personal gain, all responsibility belongs to the user.
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Disclaimer

The views in published works are belongs to authors. The Editors and Editorial Board cannot
be held responsible. The authors take legal and moral responsibility for the ideas expressed in
the articles. The authors will be held legally responsible should there be any claims for
compensation. There is no liability of Publisher.

Ethics Committee Permission

The following should be observed under the code of ethics.

An ethics committee approval must be obtained for research conducted in all disciplines
including social sciences and for clinical and experimental studies on humans and animals,
requiring ethical committee decision, and this approval should be stated and documented in
the article.

It should be indicated in the journal and/or web page under a separate heading referring to
national and international standards.

Information on the ethical rules under separate headings should be provided under this
heading, for the peer-reviewers, authors and editors.

It should be stated that the articles comply with Research and Publication Ethics.

Reference to international standards and institutions should be made. For example, scientific
articles sent to journals should take into account the recommendations of the International
Journal of Aeronautics and Astronautics Editors (IJAAE) and the International Standards for
Editors and Authors of COPE (Committee on Publication Ethics).

In studies requiring ethical committee permission, information about the permission (board
name, date and issue number) should be included in the method section and on the first/last
page of the article.

For the scales used in data collection, the permission of the scale owner should be obtained
and declared in the article.

Copyright regulations must be observed for the ideas and works of art used.

Studies Requiring Ethics Committee Permission

1) All kinds of research conducted with qualitative or quantitative approaches that require
data collection from participants using questionnaires, interviews, focus group work,
observation, experimentation, interview techniques,

2) Using human and animals (material / including data) experimental or other scientific
purposes,

3) Clinical studies on humans,

4) Clinical studies on animals,

5) Retrospective studies in accordance with the law on protection of personal data.
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DERGI BILGILERI

Hakkinda

International Journal of Aeronautics and Astronautics (IJAA), Tiirkiye'de ve diinyada
havacilik yonetimi ve teknolojisi alanina katki saglamayi amaclayan, 6zgiin makale,
deneme/derleme ve bilimsel ceviri yaymn odakli, hakemli ve disiplinler arasi bir dergidir.
Dergimiz ulusal ve wuluslararasi indekslerde yer alarak bilime katki saglamay:
amaglamaktadir. Dergi yayin dilleri ingilizce ve Ttirkce'dir (yalnizca Sosyal Bilimler igin). Agik
erisim politikasin1 benimseyen dergimize ticretsiz erisim saglanmaktadir.

International Journal of Aeronautics and Astronautics, Haziran ve Aralik aylarinda olmak
tizere yilda iki kez yayinlanan hakemli akademik bir dergidir. Dergide yaymlanan makalelerin
kalitesini artirmak, yayin ve inceleme stirecini hakem ve yazarlarm beklentilerine gore
diizenlemek ve dogru yayin politikas: ile stirecleri yonetebilmek icin dergi yayin periyodu
2023 yili itibari ile yilda 2 olarak diizenlenmistir.

Amac ve Kapsam

International Journal of Aeronautics and Astronautics, havacilik yonetimi ve teknolojisinin
ttim alanlarmi kapsayan, ¢ift kor hakemli (en az iki hakem tarafindan degerlendirilen), agik
erisimli ve cevrim ici yayin yapan uluslararas: bir dergidir. Ttirkiye'de ve diinyada havacilik
yonetimi ve teknolojisi alanina katki saglamay1 amaglayan, 6zgiin makale, deneme/derleme,
editore mektup, olgu sunumu, kitap kritigi ve bilimsel ¢eviri yaymn odakli disiplinler arasi bir
dergidir. Dergi yaymn dili ingilizce ve Tiirkce (sadece Sosyal Bilimler icin)'dir. Dergi her yaymn
doneminde makale kabulii yapmaktadir.

Dergide yer alan makaleler, havacilik sektoriintin tiim ana unsurlarim1 (havayollari,
havaalanlari, hava trafik yonetimi, ucak miihendisligi, makine miihendisligi, aviyonik
miithendisligi vb.) ile ilgilenen arastirmacilari, uygulayicilar: ve lisans/lisanstistii 6grencilerini
hedeflemektedir.

Konu Kategorisi
Dergi, sosyal ve teknoloji ana alanlar1 altinda asagidaki konular ile ilgili ¢alismalar1 sunar:

Sosyal Bilimler

Emniyet Yonetim Sistemleri, Hava Trafik Yonetimi, Hava Ulastirma 1§1etmeciligi, Havaalani
Planlama ve Yonetimi, Havacilik Yonetimi, Havacilik Fizyolojisi, Havacilik Giivenligi,
Havaciik Hukuku, Havaciik Meteorolojisi, Havaciik Psikolojisi, Havacilik Sektor
Calismalari, Havacilik Tarihi, Havacilik Emniyet ve Giivenlik Yonetimi, Havacilikta Finansal
Yonetim, Havacilikta Insan Kaynaklar1 Yonetimi, Havacilikta Lojistik Yonetimi, Havacilikta
Orgiitsel Davranig, Havacilikta Pazarlama Yonetimi, Havacilikta Risk Yonetimi, Havacilikta
Yer ve Kabin Hizmetleri, Havaalani Tasarimi, Havayolu Endiistrisi/Ticari Havacilik,
Havayolu Yonetimi, Ucus Islemleri Yonetimi.
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Teknoloji

Aerodinamik, Aeroelastik Analiz ve Tasarim, Akiskanlar Mekanigi, Aviyonik Sistemler,
Multidisipliner Tasarim Optimizasyonu, Ucak Bakim ve Onarimi, Ugak Tahrik Sistemleri,
Havacilik Kurallari, Havacilik Malzemeleri, Havacilik Egitimi, Havacilik ve Yapay Zeka,
Havacilik Yapilari, Havacilikta Insan Faktorleri, Helikopter Tasarimi, Hesaplamali/Deneysel
Akiskanlar Dinamigi/Mekanigi, Is1 Transferi ve Yanma, insansiz Hava Araglari, Navigasyon
Sistemleri, Olcme ve Modelleme, Ucak Goévde Motoru ve Bakimi, Ucak Performansi, Ucak
Tasarimi, Ucus Mekanigi, Ugus Dinamigi ve Kontroliti, Uydu Teknolojileri, Gaz Turbini
Motorlar, Havacilik Yaglar: ve Yakitlari, Ucak Motorlari, Diger Hava Araglar1 ve Teknolojileri.

Yayin Dili _ _
Tam Metin Yayin Dili: Birincil Dil: Ingilizce; Ikincil Dil: Tiirkge

Makale Basvurulari

Sorumlu yazar, makalesini Tiirk DergiPark Sistemi tizerinden dergiye gonderir. Gonderilen
makale, daha 6nce hicbir yerde yayimlanmamuis veya degerlendirme asamasinda olmamalidir.
Gonderilen eser ile birlikte, telif hakki formu ve etik kurul izin belgesi de gonderilmelidir.

Ucret Politikasi

Journal of Aeronautics and Astronautics dergisinin tiim giderleri Selguk Universitesi
tarafindan karsilanmaktadir. Dergide makale yaymi ve makale stireclerinin ytrutiilmesi
ticrete tabi degildir. Dergiye gonderilen ya da yayin icin kabul edilen makaleler igin hicbir ad
altinda isleme ticreti ya da gonderim ticreti alinmaz. Journal of Aeronautics and Astronautics
yay1in politikalar1 geregi sponsorluk ve reklam da kabul etmemektedir.

Akran degerlendirmesi

Gonderilen ttiim yazilar, Yaym Kurulu'nun yaym kararlarmi vermesi igin hakem
degerlendirme stirecine tabi tutulur. Boylece yazar, makale Kkalitesini gelistirebilir ve
artirabilir. Ayrica, yazarm makaleyi gelistirmesine yardimci olur.

Incelemeler cift kor prosediirdiir. Makalenin kabulii igin en az iki olumlu yorum alinmalidir.
Gozden gecirenler ayrica kiiciik veya biiytik revizyon onerebilir. Hakemler tarafindan buyiik
revizyona karar verilirse, revize edilen makale nihai kararlari i¢in hakemlere tekrar
gonderilebilir. Inceleyenler igin herhangi bir ticret yoktur.

Hakemler editor tarafindan belirlenir. Editor ayrica hakemin yazar oOnerileri arasindan
tercihini de yapabilir. Hakemler makale konusunda uzman olmalidir. Yazarlar ve hakemler
arasinda herhangi bir ¢ikar gatismasi olmamalidir. Yazarlar kesinlikle hakemlerin admni
bilmeyeceklerdir. Yaym kurulu bunu saglayacaktir. Ayrica hakemler birbirlerinin kimliklerini
de bilmeyeceklerdir. Hakemler birbirlerinden bagimsiz olarak degerlendireceklerdir.
Hakemlerin farkli kararlar almasi (kabul/reddetme) durumunda, Editér makaleyi
degerlendirilmek {izere baska bir hakeme gonderebilir.
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Yayin Etigi

International Journal of Aeronautics and Astronautics, arastirma ve yayin etigi konusunda
asagidaki ulusal ve uluslararas: standartlar1 benimsemektedir:

1. Basin Kanunu,

2. Fikir ve Sanat Eserleri Kanunu,

3. Yiiksekogretim Kurumlar: Bilimsel Arastirma ve Yayin Etigi Yonergesi,
4. Committee on Publication Ethics (COPE),

5. Council of Science Editors (CSE),

6. World Association of Medical Editors (WAME),

7. International Committee of Medical Journal Editors (ICMJE)

8. Directory of Open Access Journals (DOA]J)

9. Open Access Scholarly Publishers Association (OASPA)

Intihali Onleme Kontrolii

Yayinlanmak tizere gonderilen tiim makaleler, “iThenticate” intihal programu ile incelenir.
Inceleme sonucunda intihal/benzerlik orani en fazla %25 olabilir. Intihal/benzerlik orani
%25’in tizerinde olan makaleler, editor kurulu tarafindan direkt olarak reddedilir.

Geri Cekme, Retraksiyon ve Yayin Kotiiye Kullanim Politikas1
Makalenin degerlendirilmesi 6ncesinde veya sirasinda; Yazarlar, yayin kurulu veya hakemler
tarafindan tespit edilen 6nemli degistirilebilir hatalar nedeniyle makale yazar tarafindan geri
cekilmelidir. Ornegin; makalenin yanlislikla iki kez yayinlanmasi, yazim hatalari, eksik veri
girisi vb.
Asagidaki sebepler, makale yayina hazir olsa bile makalenin retraksiyon sebepleridir.

¢ Coklu gonderimler

e Sahte yazarlik iddialar:

e Intihal

e Verilerin hileli kullanimi vb.
Makale yaymlanmissa, okuyucu orijinal makaleye ulasmadan 6nce makalenin retraksiyon
notunu bir baglanti araciligiyla elektronik olarak gorecektir. Ardindan, her sayfada
"RETRAKSIYON" yazan bir filigranla orijinal makaleye ulasir.
Makale yayinlandiktan sonra, makalenin retraksiyonunu gerektiren sebepler disindaki
nedenlerle makalenin degistirilmesi gerekebilir. Bu durumda makalenin yeni hali derginin
son sayisinda yayimlanir. Degisiklik icin gerekli aciklamalar bu yeni stirimde belirtilmis ve
onceki sturtime baglant: yapilmistir.

Arsivleme ve Veri Dagitim Politikas:

Editor, yaymlanan materyalin giivenli bir sekilde arsivlenmesini saglar. International Journal
of Aeronautics and Astronautics yaymladig1 makaleleri acik erisim esasina gore yazar(lar)mn
herhangi bir islem yapmasina gerek olmaksizin elektronik arsivlere gonderir ve tam erisime
acik hale getirir. Yazar veya fon saglayan kurulus, yazarm kabul edilen makalesinin bir
kopyasi arsiv sitelerine ytikleyebilir. International Journal of Aeronautics and Astronautics
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yazar lisansi, yalnizca ticari olmayan kullanim icin makalenin kaynagina atifta bulunarak (tam
bir alintryla) yeniden kullanima izin verir. Ticari kullanim i¢in yazarlardan izin alinmasi
gerekmektedir. International Journal of Aeronautics and Astronautics, tiim makalelerini CC-
BY-NC Creative Commons lisans1 kapsaminda agik erisimli tutmay1 ve tam metin icerigini
arsiv platformlarinda ve https://dergipark.org.tr/tr/pub/ijaa web sitesinde depolamay1
taahhtit eder.

Arsiv Politikasi: LOCKSS
Depo Politikasi: Yayincinin Kendi Sitesi

Journal of Aeronautics and Astronautics dergisinde yayinlanan makaleler LOCKSS da djjital
olarak arsivlenir. Ayrica yayimlanan makaleler, yazar1 tarafindan calistig1 tiniversitenin
kurumsal arsivinde (DSpace, AVESIS vb.), konulu arsivlerde veya diger her tiirlii arsivde
ambargo siiresi olmaksizin erisime acilabilir. Boylece bu yayina herkes {icretsiz olarak hemen
ulasabilir.

Journal of Aeronautics and Astronautics (e-ISSN: 2757-6574) dergisinin yayimcisi, arastirma
sonuclarinin  yayilmasmi destekleme politikasina uygun olarak arsiv politikasin
duyurmaktan memnuniyet duyar:

e Journal of Aeronautics and Astronautics yazarlara, bir makalenin kendi kendine
arsivleme (yazarin kisisel web sitesi) ve/veya yaymlandiktan sonra kurumsal bir
havuzda arsivleme igin bir makalenin (yaymct pdf) nihai yaymlanmis stirtimiiniin
kullanilmasina izin verir.

e Yazarlar, makalelerini halka acik ve/veya ticari konu tabanli arsivlerde kendi
kendilerine arsivleyebilirler. Ambargo stiresi yoktur ancak yaymnlanan kaynak
belirtiimeli ve dergi ana sayfasma veya makalelerin DOI'sine bir baglanti
ayarlanmalidir.

e Yazarlar makalenin ¢iktistn1 PDF belgesi olarak indirebilirler. Yazarlar makalenin
kopyalarini meslektaslarina herhangi bir ambargo olmaksizin gonderebilir.

e Selcuk Universitesi Yayinlari, makalelerin tiim siirtimlerine izin verir (Gonderilen
stirlim, kabul edilmis versiyon, yaymlanmis versiyon) ambargo olmaksizin yazarin
tercih ettigi bir kurumsal veya baska bir arsivde saklanacaktir.

e Journal of Aeronautics and Astronautics, kalic1 arsivler olusturulmasina izin vermek
icin LOCKSS sistemi kullanmaktadir. Stanford Universite Kiitiiphanelerine dayanan
LOCKSS Programy, kiittiphanelere ve yayincilara kalic ve yetkili sayisal icerige erisimi
saglamak icin odulli, diistik maliyetli, agik kaynak djjital koruma araglar1 sunar.
LOCKSS Programi, “cok sayida kopyamin giivenligini saglama” ilkesi {izerine
kurulmus, kuttiphanenin liderligindeki bir djjital koruma sistemidir. LOCKSS
Programi, acik kaynakli ug uca dijital koruma yazilimi kullanarak kuttiphaneleri
gelistirir ve destekler.
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Dergide Yayimlanan Versiyon

Yayim Tiirti: Acik Erisim

OAL https:/ /dergipark.org.tr/api/ public/oai/ijaa/

LOCKSS: https:/ / dergipark.org.tr/tr/pub/ijaa/lockss-manifest

RSS: https:/ /dergipark.org.tr/tr/pub/ijaa/rss-feeds

Ambargo Siiresi: Ambargo stiresi yoktur.

Acik Erisim Lisansi: CC BY-NC 4.0

Telif Hakk: Sahibi: Yazar(lar) telif hakkini korur.

Arsiv Yeri: Kurumsal Arsiv, Crossref, Dergi Web Sitesi, Kurumsal Site, Yazarin Kisisel Web
Sitesi, Halka Acik ve/veya Ticari Konu Tabanli Arsivler.

Politika Kosullari: Atif ve alti standartlarina uyularak dergiye atif yapilmalidir. DOI ile
yayinci stirtimiine baglanmalidir.

Hakem Siireci Sonunda Kabul Edilen Versiyon

Ambargo Siiresi: Yok

Arsiv Yeri: Dergi Web Sitesi, Kurumsal Site, Yazarin Kisisel Web Sitesi, Halka Acik ve/veya
Ticari Konu Tabanli Arsivler.

Telif Hakki Sahibi: Yazar(lar) telif hakkini korur.

Dergive Gonderilen i1k Metin

Ambargo Siiresi: Yok

Arsiv Yeri: Dergi Web Sitesi, Kurumsal Site, Yazarin Kisisel Web Sitesi, Halka Acik ve/veya
Ticari Konu Tabanli Arsivler.

Kalic1 Makale Tanimlayici: DOI
Journal of Aeronautics and Astronautics dergisi her makalesine doi atamaktadir

Yazar Katki Oran1 Beyani
Makalede, arastirmacilarin katki orani beyani, varsa destek ve tesekkiir beyan, ¢ikar catismasi
beyan belirtilmelidir.

ETIK ILKELER VE YAYIN POLITIKASI
Editoryal Sorumluluklar
International Journal of Aeronautics and Astronautics'e gonderilen makalelerin hangilerinin
yayimlanacagina karar vermekten Genel Yaym Yonetmeni, Sorumlu Editor ve Uluslararas:
Yaymn Kurulu sorumludur.
Bas Editor, derginin icerik ve kalite agisindan yetersiz gordiigii yazilar: yayimlamamaya karar
verme hakkimi sakl tutar.
Derginin tiim editor ekibi, yayinlanmasimi diistindigii makalelerle ilgili olarak herhangi bir
¢ikar ¢atismasi i¢inde olmamalidir.
Bas Editor ve diger editoryal tiyeler, makaleleri herhangi bir irk, cinsiyet, cinsellik, din, etnik
veya politik onyarg: icermeyen entelektiiel icerik agisindan degerlendirecektir. Editorler,
gonderilen tiim yazilar1 gizli belgeler olarak ele alir; bu, yazarlarin izni olmadan bir yazi
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hakkindaki bilgileri kimseye ifsa etmeyecekleri anlamina gelir. Makale inceleme stirecinde su
kisiler makalelere erigebilir: Editorler, Hakemler, Yayin Kurulu Uyeleri. Bir yaziyla ilgili
ayrintilarin yazarlarin izni olmadan ti¢tincii bir sahsa iletilebilecegi tek durum, editdrtin ciddi
arastirma suistimalinden stiphelenmesidir. Editor, etik ihlalden stiphelenirse veya bir ihlal
iddias1 olursa harekete gecmekle ytikiimltudirler. Bu gorev hem yaymlanmis hem de
yayinlanmamis makaleleri kapsar.

Yazarin Sorumluluklar:

Yazarlar, makalenin orijinal calisma oldugunu ve baska bir dergide yaymlanmadigini ve ayni
makalenin baska bir dergiye paralel olarak gonderilmedigini garanti eder.

Yazarlar ayrica, yazinin Yayin Kurulu'nun izni olmadan baska bir yerde (International Journal
of Aeronautics and Astronautics'te yaymlandiktan sonra) hi¢bir dilde yayinlanmadigini ve
yayinlanmayacagini da taahhitit ederler.

Gonderilen makale bir arastirma projesi sonucuysa veya daha once bir konferansta
sunulmussa veya makaleyi destekleyen kurum veya kurulus varsa, yazarlar bu bilgiyi
Tesekkiir boliimiinde belirtmelidir.

Gonderilen makalenin etik standartlara uygun olmasimi = saglamak yazarlarin
sorumlulugundadir. Makalede yer alan bilgilerin asilsiz veya hukuka aykiri olmadigmi ve
tiglincti sahislarin haklarini ihlal etmedigini teyit eder, bu durumdan dogan her ttirlti tazminat
talebini karsilar ve yayinct hukuken sorumlu tutulamaz.

Katilimcilarin Kisisel Verilerinin Korunmasi
International Journal of Aeronautics and Astronautics, Ttrk Dergipark tarafindan kabul
edilen Kisisel Verileri Koruma Ilkerlerini kabul ederek uygulamaktadir.

Intihal

Bir bagkasmun fikirlerini, sozlerini, cimlelerini veya yaratici ifadelerini kendisininmis gibi
sunmak bilimsel etik agisindan agik bir intihaldir.

Bagka bir yazarin calismasindan belirli bir ifadeyi, acikca kaynak gostermeden, kaynag: dogru
gostermeden veya kaynag izinsiz olarak kendi calismasinda kullanmak intihal olarak kabul
edilir. Intihal oldugu tespit edilen yazarin makalesi dogrudan reddedilecektir.

Tekrar Yayin

Tekrar yayin, ayn1 makalenin veya biiyiik olglide benzer makalelerin birden fazla dergide
yayinlanmasidir. Editor bu tiir makaleyi incelemeden geri gonderir. Bundan sonra editor,
tekrar yayina tesebbiis eden yazara belli bir siire ambargo uygulayabilir, yazarin daha énce
yayin yaptig1 dergide (belki de onceki makaleyi yayinlayan derginin editorii ile eszamanh
duyuru olarak) kamuoyuna bu durumu aciklayabilir veya bu tedbirlerin hepsini birlikte
uygulayabilir.
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Ayn1 makalenin birden fazla dergiye eszamanli olarak gonderilmesi

Yazarlar ayn1 makaleyi ayn1 anda birden fazla dergiye gonderemezler. Editor, olasi eszamanli
gonderimi 6grenirse, makaleyi alan diger editdr(ler)e danisma hakkmi sakli tutar. Ayrica
editor, makaleyi incelemeden iade edebilir veya incelemeleri dikkate almadan reddedebilir
veya bu karari ilgili diger editor(ler)le tartisarak alabilir ve yazarlardan belli bir stire makale
basvurusu kabul etmemeye karar verebilir. Ayrica yazarlarin isverenlerine yazabilir veya bu
tedbirlerin hepsini birlikte hayata gegirebilir.

Etik Ihlal Bildirimleri

Okurlar, International Journal of Aeronautics and Astronautics de yaymlanan bir makalede
onemli bir hata ya da yanlishik fark ettiklerinde ya da editoryal igerik ile ilgili (intihal,
yinelenen makaleler vb.) herhangi bir sikayetleri oldugunda ijaa@selcuk.edu.tr adresine e-
posta gondererek bildirimde bulunabilir.

Cikar catismasi
Yazarlar ¢ikar catismasi olabilecek kisi, kurum ve kuruluslar1 aciklamalidir.

Hakemlerin sorumluluklar:

Hakemler, makalenin bilimsel degeri ve orijinalligi hakkindaki tarafsiz goriislerini zamaninda
yazili olarak sunmalidir.

Hakemler, gonderilen makaleyi derginin kapsamina, konunun ozgiinltigiine, makalenin
sunumuna, bilimsel nitelik ve 6zelligine gore degerlendirir.

Hakemler etik ihlal, baska bir yerde yaymlanmis bir makale ile 6nemli benzerlik ve benzeri
durumlar tespit ettiklerinde editorii uyarmalidir.

Hakemler, yazarlar veya makaleyi destekleyen kurum veya kuruluslar ile ¢ikar catismasi
icinde olmamalidir. Boyle bir durum editére bildirilmelidir.

Hakemler makaleyi degerlendirirken tarafsiz olmalidir. Gortis, diistince ve elestirilerini
destekleyici argtimanlarla agikca ifade etmelidir.

Incelenmek iizere gozden gegirenlere gonderilen tim belgeler gizli olarak
degerlendirilmelidir. Makalelerde belirtilen konu ve materyaller yazarlarm izni olmadan
kullanilamaz. Bu bilgilerin kisisel kazan¢ amaciyla kullanilmas: durumunda tiim sorumluluk
kullaniciya aittir.

Feragatname

Yayinlanan eserlerdeki gortisler yazarlara aittir. Editorler ve Yaymn Kurulu sorumlu
tutulamaz. Yazilarda ifade edilen fikirlerin hukuki ve manevi sorumlulugu yazarlara aittir.
Herhangi bir tazminat talebi olmas1 durumunda yazarlar yasal olarak sorumlu tutulacaktir.
Yayincinin herhangi bir sorumlulugu yoktur.

Etik Kurul Izni
Etik kurallar1 kapsaminda sunlara dikkat edilmelidir.
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Sosyal bilimler dahil tiim disiplinlerde yapilan arastirmalar ile insan ve hayvanlar tizerinde
etik kurul karar1 gerektiren klinik ve deneysel arastirmalar i¢in etik kurul onay1 alinmali ve bu
onay makalede belirtilmeli ve belgelenmelidir.

Dergide ve/veya web sayfasinda ulusal ve uluslararas: standartlara atifta bulunarak ayr1 bir
baslik altinda belirtilmelidir.

Bu baslik altinda hakemler, yazarlar ve editorler icin ayri basliklar altinda etik kurallar
hakkinda bilgi verilmelidir.

Makalelerin Arastirma ve Yayin Etigine uygun oldugu belirtilmelidir.

Uluslararas: standartlara ve kurumlara atifta bulunulmalidir. Ornegin, dergilere génderilen
bilimsel makaleler, International Journal of Aeronautics and Astronautics Editors (IJAAE) ve
International Standards for Editors and Authors of COPE'nin (Committee on Publication
Ethics) tavsiyelerini dikkate almalidir.

Etik kurul izni gerektiren calismalarda, izne iliskin bilgi (kurul ads, tarih ve say1 numarasi)
yontem bolimiinde ve makalenin ilk/son sayfasinda yer almalidir.

Veri toplamada kullanilan olgekler igin olgek sahibinden izin alinmali ve makalede
belirtilmelidir.

Kullanilan fikir ve sanat eserleri icin telif haklar1 diizenlemelerine uyulmalidir.

Etik Kurul Izni Gerektiren Calismalar

1) Anket, goruisme, odak grup calismasi, gozlem, deney, goriisme teknikleri kullanilarak
katilimcilardan veri toplanmasini gerektiren nitel veya nicel yaklasimlarla ytrttiilen her tiirlu
arastirma,

2) Insan ve hayvanlari (maddi/ veri dahil) deneysel veya diger bilimsel amaglarla kullanmak,
3) Insanlar tizerinde yapilan klinik aragtirmalar,

4) Hayvanlar tizerinde yapilan klinik arastirmalar,

5) Kisisel verilerin korunmasi kanunu uyarinca geriye dontik calismalar.
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Dear readers,

We present the 1st issue of the 5th volume of the International Journal of Aeronautics and
Astronautics (IJAA) to your appreciation and evaluation publishing it on time. Besides, as an
indicator of the increase in the scientific quality of our journal, our applications for registration
in respected academic indexes continue rapidly and we are trying to make up for our
deficiencies in this regard with great effort.

In this first issue of 2024, there are 3 important articles that we think you can benefit from.
These articles cover social and engineering issues such as the effects of health measures taken
at airports during the pandemic, the use of thermoplastic polyurethane composites and non-
destructive testing methods in aviation. In the study conducted by Seyma KAPLAN, Emine
Seher YENER, Zeynep YILMAZ and Ozan OZTURK, passengers' attitudes towards the health
measures taken at Dalaman airport during the pandemic were evaluated with digital
solutions. Ozlem ULUS, Furkan Eren DAVARCI and Elif EREN GULTEKIN conducted a
comprehensive study on non-destructive testing methods, which have an important place in
the maintenance and repair of aircraft. In another study, Ummiihan KAYA and Hiilya
KAFTELEN ODABAGSI presented a study investigating the use of thermoplastic polyurethane
composite materials as electromagnetic interference shielding. We hope that these articles
published in our journal will be of interest to you and will guide your studies.

We have published high-quality scientific studies for you in this issue and previous issues.
Our biggest goal is to increase our scientific quality in our future issues and to inform our
valuable readers about social and technological issues in the field of aviation and space
sciences. In order to achieve success in this goal, your contributions, both as writers and as
reviewer, are very important to us. I look forward to your valuable stakeholders' contributions
to us and our magazine, and on behalf of my entire magazine team, I wish you well and see
you in our next issue.

June 30, 2024
Prof. Dr. Niliifer CANOZ
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Degerli okurlarimiz,

International Journal of Aeronautics and Astronautics (IJAA)'mn 5. cildinin 1. sayisin,
zamaninda yayimlayarak siz degerli okurlarimizin begenisine ve degerlendirmesine
sunuyoruz. Ayrica, dergimizin bilimsel kalitesinin arttiZinin gostergesi olarak saygin
akademik dizinlere kayit basvurularimiz hizla devam etmekte ve bu konudaki eksiklerimizi
biiyiik bir gayretle giderme ¢abasi icerisindeyiz.

2024 yilma ait bu birinci saymmizda, sizlerin 6nemli Olgtide faydalanabileceginizi
dustindtigtimiiz 3 onemli makale yer almaktadir. Bu makaleler, pandemi doneminde
havalimanlarinda alinan saglik nlemlerinin etkileri, termoplastik politiretan kompozitlerin
kullanim1 ve havacilikta tahribatsiz muayene yontemleri gibi sosyal ve miihendislik konular:
icermektedir. Seyma KAPLAN, Emine Seher YENER, Zeynep YILMAZ ve Ozan OZTURK
tarafindan yirttiilen calismada, pandemi déoneminde Dalaman havalimaninda alinan saglhk
onlemlerine yolcularin tutumlari, dijital ¢oztimlerle degerlendirilmistir. Ozlem ULUS, Furkan
Eren DAVARCI ve Elif EREN GULTEKIN calismalarinda, hava araclariin bakim ve
onarmminda ¢nemli bir yere sahip olan tahribatsiz muayene yontemleri tizerine kapsamli bir
inceleme gerceklestirmiglerdir. Diger bir calismada ise, Ummiihan KAYA ve Hiilya
KAFTELEN ODABAGSI, termoplastik politiretan kompozit malzemelerin elektromanyetik
girisim korumasi olarak kullaniminin incelendigi bir calisma sunmuslardir. Dergimizde
yaymlanan bu makalelerin ilginizi ¢ekecegini ve sizlerin de calismalarmiza yon verecegini
timit ederiz.

Bu saymmizda ve onceki sayilarimizda sizler i¢in yiiksek kaliteli bilimsel calismalar:
yayinladik. Gelecekteki sayilarimizda da bilimsel kalitemizi artirarak siz degerli okurlarimizi,
havacilik ve uzay bilimleri alaninda sosyal ve teknolojik konular ile bilgilendirmek en biiytik
hedefimizdir. Bu hedefimizde basariya ulasmak igin sizlerin de gerek yazar gerekse hakem
olarak saglayacaginiz katkilar bizim igin ¢ok onemlidir. Siz degerli paydaslarimizin bizlere ve
dergimize yapacagmiz bu katkilari bekliyor, tiim dergi ekibim adina sonraki sayimizda
gortsmek {izere esenlikler diliyorum.

30 Haziran 2024
Prof. Dr. Niliifer CANOZ
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reduce the risk of transmission. Among the various measures implemented, those
utilizing digital technologies to minimize contact between passengers at airport
terminals and ground services personnel have been particularly noteworthy. Self-
service technologies not only enhance time and space efficiency but also minimize
interpersonal contact. This research aims to evaluate the positive impact of COVID-19
measures implemented at Dalaman Airport on passenger satisfaction and to examine
the role of digital technologies in this effect. To this end, face-to-face surveys were
conducted with at least 415 passengers at Dalaman Airport between October and
November 2023. The data obtained were analyzed using the SPSS program to
determine the effects of COVID-19 measures and digital technologies on passenger
satisfaction. The research factor analysis, reliability analysis, correlation, and
regression analyses to examine the relationships between satisfaction, digitization, and
measures reducing discomfort, revealing significantly positive relationships. As a
result, this research recommends airport management to realign technology
investments and customer service policies centered on passenger satisfaction.
Digitalisation efforts can facilitate passengers to better adapt to new norms and provide
a safer and more comfortable travel experience. The research also highlights that future
studies with generalized findings across a wider range of airports and passenger
demographics will develop a more comprehensive understanding of how digital
technologies can be used more effectively in the aviation sector.

Citation: Kaplan, §., Yener, E.S., Yilmaz, Z., Oztiirk, O. 2024 Evaluation of digital solutions for passenger attitudes towards
health measures at Dalaman airport during COVID-19 period, 5(1), 1-9.
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OZET

COVID-19 salgin sirasinda Ulastirma ve Altyapr Bakanligi ve havayolu sirketleri
viriisiin yayilmasini1 6nlemek ve bulagma riskini azaltmak icin ¢esitli dnlemler aldi.
Uygulanan ¢esitli dnlemler arasinda, havalimani terminallerinde yolcular ve yer
hizmetleri personeli arasindaki temasi en aza indirmek igin dijital teknolojilerden
yararlananlar 6zellikle dikkat cekiciydi. Self-servis teknolojileri sadece zaman ve
mekan verimliligini artirmakla kalmiyor, ayn1 zamanda kisiler arasi temasi da en aza
indiriyor. Bu aragtirma, Dalaman Havalimani'nda uygulanan COVID-19 tedbirlerinin
yolcu memnuniyeti iizerindeki olumlu etkisini degerlendirmeyi ve dijital teknolojilerin
bu etkideki roliinii incelemeyi amaclamaktadir. Bu amagla, Ekim ve Kasim 2023
tarihleri arasinda Dalaman Havalimani'nda en az 415 yolcuyla yiiz yiize anketler
gerceklestirilmigtir.  Elde edilen veriler, COVID-19 o6lciimlerinin  ve dijital
teknolojilerin yolcu memnuniyeti tizerindeki etkilerini belirlemek i¢in SPSS programi
kullanilarak analiz edilmistir. Arastirma, memnuniyet, dijitallesme ve rahatsizligi
azaltan 6nlemler arasindaki iliskileri incelemek i¢in faktdr analizi, glivenilirlik analizi,
korelasyon ve regresyon analizleri, dnemli dl¢iide pozitif iligkiler ortaya koymaktadir.
Sonug olarak bu arastirma, havalimani yonetimine teknoloji yatirimlarini ve miisteri
hizmetleri politikalarin1 yolcu memnuniyetini merkeze alarak yeniden diizenlemesini
onermektedir. Dijitallesme c¢abalari, yolcularin yeni normlara daha iyi uyum
saglamasim kolaylastirabilir ve daha giivenli ve konforlu bir seyahat deneyimi
saglayabilir. Arastirma ayrica, daha genis bir havalimani ve yolcu demografisi
yelpazesinde genellestirilmis bulgulara sahip gelecekteki caligmalarin, dijital
teknolojilerin havacilik sektoriinde nasil daha etkili bir sekilde kullanilabilecegine dair
daha kapsamli bir anlayig gelistirecegini vurgulamaktadir.

* Corresponding author, e-mail: ozturkozan@mu.edu.tr

1. Introduction

COVID-19 has significantly impacted the aviation and tourism sectors on a global scale. As of April 2020, the
International Air Transport Association (IATA) reported an 80% decrease in air traffic compared to the previous
year [1]. This decline was further exacerbated by global quarantine measures, drastically reducing the demand for
air travel [2]. By March 2020, the effects were felt globally, with passenger revenues exceeding the expected loss
of $252 billion [3]. Global passenger traffic decreased by 52.9%, and available seat kilometers dropped by 36.2%
[4]. Additionally, demand in international and domestic markets fell by 55.8% and 47.8%, respectively [5].
Major players like the European Air Transport Network were forced to undergo structural changes [6]. Airports,
while responding with government support and technological innovations, transformed airport experiences
through contactless procedures and increased hygiene measures [7]. Measures taken to control the spread of
COVID-19 included airport closures, restrictions on essential flight operations, ventilation control, and enhanced
hygiene [8]. Facing decreased revenues and operational changes, the aviation sector emphasized safety
management systems and risk reduction strategies to ensure flight safety [9].

The pandemic has left profound and diverse effects on the aviation sector. Academic studies have extensively
examined the impacts of the pandemic on aviation and the measures taken. The study by Ceyhan Giinay and Maral
[10] analyzed the marketing strategies of Turkish aviation companies before and during the pandemic using a

https://doi.org/10.55212/ijaa.1407733
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semi-structured qualitative research technique, proposing adaptations and strategic changes. Sen and Biitiin [11]
systematically examined for the first time the potential of the gig economy as a solution in the aviation sector post-
COVID-19. Anna¢ Go6v and Erbay [12] highlighted potential pandemic effects such as profit loss, reduction in
employee numbers, and economic stagnation, emphasizing the importance of innovative fleet planning and the
prioritization of cargo transportation. Geng and Isiktas [13] assessed the effects of the pandemic from employee
and customer perspectives using SWOT analysis, identifying challenges such as mask usage and communication
issues. Aydin [14] quantitatively assessed the impacts on passenger and cargo transportation using the ARIMA
model, showing that passenger transport was significantly more affected than cargo transport. Akkanat [15]
analyzed the impacts of the pandemic on Turkish airports using flight statistics and examined whether the impacts
varied according to the type of airport ownership. Kurt [16] studied the measures taken in air transportation and
the effects of health measures on passengers and staff. Finally, Pehlivanoglu and others [17] analyzed the impact
of the pandemic on international air transport and the tourism sectors using data from 38 countries with the
Threshold Autoregressive (TAR) model, identifying changes in flights based on case and death counts. These
studies comprehensively address the challenges, measures, and exit strategies of the aviation sector during the
pandemic, shedding light on the sector's transformation and potential future steps.

This study aims to examine the effects of COVID-19 measures on passengers and the role of digitalisation in
passenger satisfaction. It specifically addresses the health and safety measures implemented at Dalaman Airport
and passenger responses. The focus of the research is to thoroughly investigate the impact of digital transformation
and health safety practices at the airport on passenger experience and attitudes towards the pandemic. The study
aims to document how these innovative digital solutions have altered passenger experiences and the positive
changes in attitudes towards health measures. Additionally, it intends for the findings to guide airport managers,
policymakers, and the aviation industry. In this way, it aims to contribute to defining practical steps to improve
passenger experience during global health crises.

2. Digitalisation in the Aviation Sector

The COVID-19 pandemic has accelerated the digital transformation within the aviation industry, compelling
airlines to embrace technology to meet increasing consumer demands and ensure passenger safety [18]. During
this period, airlines adopted strategic measures including technological innovations, government support, and
passenger cooperation. The pandemic-induced operational downturns at airports necessitated a review of
operational processes and resilience strategies [19]. Furthermore, there was a need to enhance security measures,
offer contactless experiences, and improve service quality during the pandemic [20].

Digitalisation efforts in the airline industry include various strategies aimed at enhancing efficiency, cost-
effectiveness, flexibility, and security performance [21]. IATA introduced the concept of "Digital Airline" for
2025, incorporating digital applications such as mobile applications, online services, loyalty programs, and big
data technologies [22]. As seen in the case of Istanbul Airport, there has been an emphasis on promoting digital
transformation in airport operations and the development of “smart airports" [23]. The COVID-19 outbreak has
particularly accelerated digitalisation in pre-flight and in-flight services, especially in airline catering [24].
Although the sector is still in the early stages of digital readiness, it has begun digitalizing aircraft maintenance
processes to improve safety, quality, and cost efficiency [25].

Self-service technologies in the aviation sector are continually evolving to enhance flight safety, efficiency, and
service quality. These technologies have become an integral part of the aviation industry and are expected to play
an increasingly important role in the future. Particularly, kiosk devices at airports represent widespread tools for
service automation. These devices enable passengers to independently perform various services such as online
check-in, ticket sales, ticket printing, baggage drop-off, and hotel and car rentals, thereby reducing long queues

https://doi.org/10.55212/ijaa.1407733
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and expediting processes to make travel experiences more accessible and efficient. These technologies also allow
airlines to reduce operating costs and enhance service quality [26-31].

Passenger service technology platforms are divided into three main sections: access, service, and presentation.
These platforms focus on five main service channels: web, mobile, self-service (kiosk), SMS/MMS, and IVR
(Interactive Voice Response). Self-service technologies offer significant advantages in aviation, including
reducing labor costs, saving time, and preventing ticket counter queues. These applications cover services such as
check-in, baggage drop-off, rebooking, contactless boarding, and reporting baggage losses [32-34].

In the aviation sector, kiosks have created significant impacts on digitalisation, efficiency, security, and
sustainability. Automation of business processes and data analytics enhances efficiency, while predictive aircraft
maintenance systems increase flight safety and reduce costs. Technologies such as augmented and virtual reality
provide accuracy and efficiency in aircraft maintenance. Digitalisation also supports advancements in the industry
from pilot training to passenger experience, contributing to a more sustainable future by reducing environmental
impacts [22].

3. Method

Research model has been developed to address the negative impact of long waiting times at the airport on passenger
satisfaction levels, as presented in Figure 1. Quantitative data collection methods were used in the research, with
both face-to-face and online survey techniques planned to be employed. The survey was developed considering
the measures implemented at Dalaman Airport. Scale expressions were derived by reviewing consumer satisfaction
studies in the literature, examining measures taken by airlines, and investigating airlines' digitalisation efforts
during the pandemic period. Basic information about the data collection tools was developed by the research
academic advisor. A total of 415 passengers who used Dalaman Airport at least once participated in the survey.
The survey used in the research consists of two sections. The first section consists of questions aimed at
determining the participants' demographic characteristics (The same sentences have been repeated above) and
includes three questions. The second section consists of statements measuring the variables constituting the
research model. It comprises a total of 13 questions: 4 questions aimed at measuring discomfort arising from
measures, 4 questions aimed at measuring digitalisation, and 5 questions aimed at measuring passenger
satisfaction. The survey includes response options in a five-point Likert scale format: '1=Strongly Disagree’,
'2=Disagree’, '3=Undecided’, '4=Agree’, and '5=Strongly Agree'.

Measures to minimise passenger
inconvenience caused by the
measures

Passenger Satisfaction

Digitalisation

Fig. 1. Research model
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Hypotheses formulated in line with the research model are as follows:

H1: Reducing dissatisfaction among passengers within the terminal building positively changes passenger
attitudes.

H2: Digitalisation positively influences passenger attitudes.

4, Results and Discussion

4.1, Factor and reliability analyses

Before conducting factor analysis, the adequacy of the sample size and the suitability of variables belonging to the
model were examined using Kaiser-Meyer-Olkin (KMO) and Bartlett's Test of Sphericity. A KMO value above
0.6 is required for factor analysis [35]. The KMO test indicated that the variables were suitable for factor analysis
(0.806). Bartlett's test in the study calculated p < 0.001 and indicated the presence of a relationship among the
variables to be analyzed (Table 1).

Table 1. KMO Test and Barlett’s Test of Sphericity results

KMO Test 0.806
Chi-Square Value 3023.631
Barlett's Test of Sphericity Degrees of Freedom 78

Significance Level 0.00

After it was understood that the variables were suitable for factor analysis, factor analysis was performed, and the
findings are presented in Table 2.

Table 2. Explanatory factor analysis results

1 2 3

Satisfaction
M1 0.851
M2 0.841
M3 0.829
M4 0.787
M5 0.758

Digitalisation
D1 0.872
D2 0.825
D3 0.806
D4 0.695

Measures to Reduce Discomfort

R1 0.851
R2 0.828
R3 0.791
R4 0.752
Core Value 26.882 21.635 20.959
Explained Variance (%) 4.066 3.198 3.222
Total Explained Variance (%) 69.476

When examining the findings of the factor analysis, it is observed that the variables of satisfaction, digitalisation,
and measures to reduce discomfort are appropriately separated and the statements are grouped under the relevant
factors as desired. Moreover, the factor loadings of the statements and the explained variance value (69.476%)
have been calculated above the critical threshold considered in the literature, which is 0.60 [36].
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Following the factor analysis, Cronbach's Alpha analysis was conducted to determine the reliability of the
statements related to the variables constituting the model. The findings of the analysis are provided in Table 3.
The Cronbach's Alpha analysis values of the statements have been calculated above the critical threshold (0.70).
Furthermore, when all statements were analyzed together, the Cronbach's Alpha coefficient was calculated as
0.833 [37].

Table 3. Reliability analysis findings and correlation analysis results

Dimensions Number of Cronbach's 1 2
Statements Alpha
Coefficient
Satisfaction r 5 0.892
Digitalisation r 4 0.827 0.279**
Discomfort Reducing Measures r 4 0.840 0.359**  0.215**

*Correlation is significant at 0.05 level
**Correlation is significant at 0.01 level

Correlation analyses were performed for the variables of the study and the findings are presented in Table 3. In
the correlation analysis where the strength and direction of the relationship between the variables are examined, a
value between -1 and +1 emerges. While this value expresses the strength of the relationship, the positive or
negative value indicates the direction of the relationship. When the findings of the analysis are analysed, it is
understood that there is a positive and significant relationship between the variables [38].

4.2, Testing hypotheses
The research model was tested with the help of SPSS 22.0 package programme.

Table 4. The effect of mitigation measures on satisfaction

Dependent Independent Beta t P
Variable Variable
Satisfaction Reducing Measures  0.247 5.643 0.001

R?=0.129 F=63.058 p=0.001

According to the results of the regression analysis, R?=0.129 (Table 4). Accordingly, it is understood that measures
to minimize discomfort have a positive and statistically significant effect on satisfaction (p<0.001). According to
these findings, hypothesis H1 is supported.

Dependent Independent Beta t P
Variable Variable
Satisfaction Digitalisation 0.279 6.004 0.001

R?=0.078 F=36.044 p=0.001

When analyzing the findings in Table 5, R?=0.078 was calculated. This result indicates that digitalisation has a
positive and statistically significant effect on satisfaction (p<0.001). Therefore, Hypothesis 2 is supported.

5. Conclusion

This study thoroughly examines the effects of digitalisation and discomfort reduction measures on passenger
satisfaction at airports. The data obtained indicate that these two factors positively influence passenger satisfaction
and that these effects are statistically significant. The limited work in the literature on digitalisation and customer
satisfaction at airports highlights the originality of this research. Previous studies have indicated that digitalisation
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holds the potential to enhance passenger satisfaction as well as operational efficiency and security standards at
airports [39]. The research findings suggest that airport managements need to reconfigure their technology
investments and customer service policies to center around passenger satisfaction. This recommendation has been
articulated in similar studies conducted in various sectors [6]. Post-pandemic, the efforts of airports towards
digitalisation have enabled passengers and airlines to adapt to the new normal, indicating that investments in smart
solutions provide contactless and seamless experiences, thereby ensuring safety and comfort for passengers [40,
41].

This study provides strategic guidance that not only enhances passenger satisfaction but also improves operational
efficiency and security standards at airports. It calls for airport managements to reshape their technology
investments and customer service policies with a focus on passenger satisfaction. Particularly in the post-pandemic
period, airports can facilitate passengers' adaptation to new normal and offer a safer, more comfortable travel
experience through such digitalisation efforts. This research serves as a valuable reference point for airport
managements and contributes significantly to the development of future strategies. Future research could
generalize these findings by examining a wider range of airports and passenger demographics, thereby advancing
the understanding of digital adoption in aviation. This expanded perspective could develop a more comprehensive
understanding of how digital technologies can be more effectively utilized in the aviation sector.
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ABSTRACT

Non-Destructive Testing (NDT) methods play a pivotal role in ensuring the safety and reliability
of aircraft in the aviation industry. This article provides a comprehensive overview of the NDT
techniques commonly employed in aviation to assess the structural integrity and performance of
aircraft components and materials without causing any damage. The article discusses the
significance of NDT in aviation, highlighting the importance of early defect detection,
maintenance cost reduction, and enhanced operational safety. It delves into various NDT
methods, such as ultrasonic testing, eddy current testing, radiographic inspection, magnetic
particle testing, and dye penetrant testing, explaining their principles and applications. In
addition, in this article, the advantages and disadvantages of NDT methods and which methods
are used in which part of the aircraft are mentioned. Understanding these NDT methods is crucial
for aviation professionals, as they contribute to the continued airworthiness of aircraft, ensuring
that passengers and crew can travel safely and confidently.

OZET

Tahribatsiz Muayene (NDT) yontemleri, havacilik endiistrisinde hava tasitlarinin emniyet ve
giivenilirliginin saglanmasinda ¢ok dnemli bir rol oynamaktadir. Bu makale, ugak bilesenlerinin
ve malzemelerinin yapisal biitiinliigiinii ve performansini herhangi bir hasara yol agmadan
degerlendirmek i¢in havacilikta yaygin olarak kullanilan NDT tekniklerine kapsamli bir genel
bakis sunmaktadir. Makale, erken kusur tespiti, bakim maliyetlerinin azaltilmas1 ve gelismis
operasyonel giivenligin 6nemini vurgulayarak NDT'nin havaciliktaki dnemini tartigmaktadir.
Ultrasonik test, girdap akimu testi, radyografik muayene, manyetik parcacik testi ve boya
penetrant testi gibi ¢esitli NDT yontemlerini inceleyerek bunlarm ilkelerini ve uygulamalarini
aciklamaktadir. Ayrica bu makalede, NDT yontemlerinin avantaj ve dezavantajlarindan ve hangi
yontemlerin u¢agin hangi boliimiinde kullanildigindan bahsedilmektedir. Bu NDT yontemlerini
anlamak havacilik profesyonelleri i¢in ¢ok onemlidir, ¢iinkii ucaklarin ugusa elverisliliginin
devam etmesine katkida bulunarak yolcularin ve miirettebatin giivenli ve emin bir sekilde
seyahat edebilmelerini saglarlar.
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1. Introduction

The aviation industry stands as a paragon of precision engineering and safety standards. Aircraft, whether for
commercial, military, or private use, are complex machines built to exacting specifications. Ensuring their
structural integrity, reliability, and safety is of paramount importance. Non-Destructive Testing (NDT) methods
are indispensable tools in achieving these goals. NDT methods are the unsung heroes of aviation maintenance and
inspection. Unlike traditional destructive testing methods that involve damaging the material or component being
examined, NDT techniques enable the evaluation of structural and material integrity without causing harm. These
methods are not only integral to the aviation sector but are also applied in various industries, from construction to
manufacturing, where safety and quality assurance are paramount. In this article, the aviation-related NDT world
will be examined. The importance of NDT in the industry will be explored, highlighting its important role in defect
detection, cost reduction and increasing operational safety. Additionally, NDT methods commonly used in aviation
will be examined in depth, including dye penetrant testing, magnetic particle testing, eddy current testing,
ultrasonic testing, and radiographic inspection. By understanding the principles and applications of these
techniques, aviation professionals can make informed decisions, ensuring the airworthiness of aircraft and the
safety of passengers and crew [1-3].

2. Common NDT Methods in Aviation

2.1. Dye penetrant testing

Dye Penetrant Testing (DPT), also known as Liquid Penetrant Testing (LPT) or simply Penetrant Testing, is a
widely used Non-Destructive Testing (NDT) method in aviation and various other industries. This technique is
employed to detect surface-gap defects or discontinuities in aircraft components and materials without causing any
damage to them (Fig. 1). The primary purpose of dye penetrant testing in aviation is to ensure the structural
integrity, safety, and airworthiness of critical aircraft parts [4].

Fig. 1. Fluorescence penetrant testing [5]

Here's how the process typically works (Fig. 2): Surface Preparation: Before the testing begins, the surface of the
aircraft component under examination is cleaned to remove any contaminants, such as dirt, oil, or corrosion. This
step is crucial to ensure the accuracy of the test.

Application of Penetrant: A brightly colored, highly visible liquid penetrant is applied to the surface of the
component. This penetrant is chosen based on the specific requirements of the test.
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Dwell Time: The penetrant is left on the surface for a specified period, allowing it to seep into any surface-breaking
defects, cracks, or discontinuities.

Excess Penetrant Removal: After the dwell time, any excess penetrant is carefully removed from the surface. This
is typically done by wiping or rinsing.

Application of Developer: A white, powdery developer is applied to the surface. The developer draws the penetrant
out of any defects, making them visible.

Visual Inspection: The inspector then examines the surface for any indications or indications - these are the visible
signs of defects, revealed by the penetrant's presence. These indications can be cracks, porosity, or other surface

irregularities.

Fig. 2. Principles of dye penetrant testing [6]
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Interpretation and Evaluation: The inspector interprets the indications based on their size, shape, and location to
determine the nature and significance of the defects. This evaluation is crucial in determining whether the
component is suitable for continued use or requires repair or replacement.

Dye penetrant testing is especially valuable for detecting defects in materials that are not easily visible to the naked
eye. It is a highly sensitive and cost-effective method for ensuring the safety and airworthiness of aircraft
components. Regular inspections using this technique help maintain the structural integrity of aircraft and
contribute to the overall safety of aviation operations [7, 8].

2.1.1. Advantages of dye penetrant testing

Sensitivity: DPT is highly sensitive and capable of detecting very small surface-breaking defects, including cracks,
pores, and other discontinuities that may not be visible to the naked eye. This makes it an effective method for
identifying hidden flaws in aircraft components.

Versatility: DPT can be used on a wide range of materials, including metals, plastics, ceramics, and composites,
making it a versatile choice for the aviation industry, where various materials are used in aircraft construction.
Cost-Effective: DPT is relatively cost-effective compared to other NDT methods, making it an attractive option
for routine inspections and maintenance. It doesn't require complex or expensive equipment.

Ease of Application: The method is straightforward and can be applied with minimal training. Technicians can
quickly learn how to perform DPT effectively.

No Damage to the Component: As a non-destructive testing method, DPT does not damage the tested components,
allowing them to remain in service if they pass inspection [9].

2.1.2. Disadvantages of dye penetrant testing

Surface Dependency: DPT is limited to detecting surface-breaking defects. It cannot identify subsurface or internal
flaws in materials. If a defect is located beneath the surface, DPT will not detect it.

Time-Consuming: Dye penetrant testing is a time-consuming process, typically involving several steps
(application, dwell time, removal, and developer application) and often requiring multiple applications for
thorough inspection.

Environmental Concerns: The process involves the use of chemicals, which can raise environmental and health
concerns if not handled and disposed of properly. Some of the chemicals used in DPT may be hazardous.
Operator Skill: While it is relatively easy to learn, the effectiveness of DPT depends on the skill and experience of
the technician performing the test. Inexperienced or poorly trained technicians may miss defects or misinterpret
results.

Limited to Surface Inspection: DPT is limited to surface inspection, and it may not provide a comprehensive
assessment of the overall condition of a component. Other NDT methods, such as radiographic or ultrasonic
testing, may be necessary to complement DPT for a more thorough evaluation.

In conclusion, dye penetrant testing is a valuable tool for detecting surface defects in aviation components, but it
has limitations, and its effectiveness depends on various factors. In practice, it is often used in combination with
other NDT methods to ensure a comprehensive evaluation of aircraft components [10].

2.1.3. Common applications of DPT in aviation

DPT is used to inspect the surfaces of various structural components of an aircraft, such as the fuselage, wings,
tail, and landing gear. It helps identify surface cracks, defects, and imperfections that may compromise the
structural integrity of these components [11].
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2.2. Magnetic testing

Magnetic particle testing (MPT), also known as magnetic testing or magnetic particle inspection (MPI), is a hon-
destructive testing (NDT) method commonly used in aviation and other industries to identify surface and near-
surface defects in ferromagnetic materials (Fig. 3).

Fig. 3. Magnetic testing [12]
Ferromagnetic materials are those that can be magnetized, such as iron and steel. Magnetic testing relies on the
principle that when a magnetic field is applied to a ferromagnetic material, it will exhibit unique magnetic
properties when defects are present.

The process of Magnetic Particle Testing in Aviation:

Preparation: The first step involves the careful cleaning and preparation of the component or material to be
inspected.

Magnetization: The component is magnetized by applying a magnetic field. This can be done using a yoke (a
handheld magnetizing device) or by passing an electric current through the material.

Application of Magnetic Particles: After magnetization, finely divided magnetic particles (often iron or iron oxide)
are applied to the surface of the component. These particles are typically in the form of a dry powder or a wet
suspension, which is sprayed or brushed onto the surface.

Inspection: As the magnetic particles are applied to the surface, they will be attracted to and accumulate at areas
where there are magnetic field disturbances, such as those caused by surface cracks, weld defects, or other
discontinuities. These areas will appear as a distinct pattern of accumulations on the surface, indicating the
presence of defects.

Interpretation: A trained inspector examines the accumulated magnetic particles to identify the location, size, and
shape of any defects. The pattern of magnetic particle accumulations provides visual evidence of the defects
[13,14].

2.2.1. Advantages of magnetic testing

Effective for detecting surface and near-surface defects. Quick and relatively simple process. Can be used on a
wide range of ferromagnetic materials. Immediate visual results. Non-destructive, meaning it doesn't harm the
tested components [15].
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2.2.2. Disadvantages of magnetic testing

Limited to ferromagnetic materials (not applicable to non-magnetic materials). Limited to surface and near-surface
defects. Requires proper surface preparation for accurate results. The process may be limited in inspecting complex
geometries or areas with restricted access [16].

2.2.3. Common applications of magnetic testing in aviation

Aircraft Engine Components: MPT is widely used to inspect critical engine components, such as turbine blades,
compressor disks, and engine casings (Fig. 4).

Landing Gear Components: Landing gear components, including landing gear struts, axles, and associated parts,
are subject to significant stress during takeoffs and landings (Fig. 5).

\9p) - i |

Fig. 4. Magnetic testing of engine components [17] Fig. 5. Magggﬂ;éiﬂ:}?g [olgl]anding gear

Structural Components: MPT is applied to various structural components of the aircraft, including the fuselage,
wings, and tail sections and bolts, fasteners, and rivets: Aircraft rely on numerous bolts, fasteners, and rivets to
hold components together [19].

2.3. Eddy current testing

Eddy current testing (ECT) is a non-destructive testing (NDT) method used in aviation to evaluate the structural
integrity and detect surface defects in aircraft components, particularly those made from conductive materials like
aluminum and some types of alloys (Fig. 6).

: - \ .‘\ .~ - -
Fig. 6. Eddy current testing of landing -gear [20] Fig. 7. Basic principles of ECT [22]
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Eddy current testing is based on the principle of electromagnetic induction. When an alternating current is passed
through a coil or probe, it generates a fluctuating magnetic field. When this coil or probe is placed near a conductive
material, the changing magnetic field induces eddy currents—circular electrical currents—within the material. The
interaction between these eddy currents and the material's conductivity creates a secondary magnetic field. When
the material has defects, such as cracks, voids, or corrosion, the eddy currents are disrupted, resulting in changes
in the secondary magnetic field.

The process of eddy current testing in aviation (Fig. 7):

Probe or coil setup: A coil or probe is placed in close proximity to the surface of the material to be inspected. The
coil or probe is connected to an eddy current testing instrument.

Excitation: An alternating current is passed through the coil or probe, generating a fluctuating magnetic field.
Eddy current generation: Eddy currents are induced in the conductive material being tested due to the changing
magnetic field [19,21].

Detection and analysis: As the eddy currents interact with the material's properties, changes in the secondary
magnetic field occur. The instrument detects these changes, and the data is displayed for analysis [23].

2.3.1. Advantages of eddy current testing

Eddy current testing is a relatively quick inspection method. Unlike some other NDT methods, ECT does not
typically require extensive surface preparation. This can save time and resources, particularly when inspecting
large aircraft structures. ECT is a non-destructive testing method, meaning it does not harm the material being
inspected. This is crucial in aviation, where the integrity of components must be maintained. ECT is versatile and
can be used on a variety of conductive materials, including aluminum, steel, titanium, and certain alloys, making
it suitable for different aircraft components. ECT can be performed on irregularly shaped or difficult-to-reach
areas, making it suitable for inspecting complex aerospace components. ECT is well-suited for high-volume
manufacturing processes, ensuring the quality and safety of aircraft components [24].

2.3.2. Disadvantages of eddy current testing

ECT is primarily effective on conductive materials, such as metals. It is not suitable for inspecting non-conductive
materials like plastics or composites. ECT is generally limited to detecting defects close to the surface. It may not
effectively identify defects located deep within thick materials. External electromagnetic interference or variations
in material properties can affect the accuracy of ECT results. It is essential to control external factors to obtain
reliable results. ECT equipment can be relatively expensive to purchase, maintain, and calibrate. This can be a
barrier to some smaller aviation maintenance facilities [25].

2.3.3. Common applications of eddy current testing in aviation

ECT is used to inspect the skin of aircraft, including the fuselage and wings, for surface cracks, corrosion, and
other defects. ECT is employed to inspect fasteners like bolts, rivets, and screws for cracks, corrosion, and material
degradation. Aircraft engines are subject to high stress and temperature conditions. ECT is used to examine engine
components, such as turbine blades, for defects that may affect engine performance and safety. ECT helps evaluate
the landing gear components, such as landing gear struts, axles, and connecting parts, for defects that could lead
to landing gear failure during takeoffs and landings. In modern aviation, composite materials are used extensively.
ECT is applied to detect hidden flaws, delamination, or voids within composite materials to ensure their structural
integrity [26].

2.4. Ultrasonic testing

Ultrasonic testing relies on the principle of sending high-frequency sound waves (ultrasound) into a material and
measuring the time it takes for the sound waves to reflect back. The system uses a transducer that emits ultrasound
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waves and receives the returning signals (Fig. 8). These sound waves propagate through the material, and when
they encounter a change in material properties, such as a void, crack, or other discontinuity, some of the waves are
reflected back to the transducer. The reflected waves are analyzed to determine the size, location, and nature of
any defects.

Fig. 8. Ultrasonic testing system

Here's how the process typically works:

Preparation: The first step is to prepare the surface of the material or component to be inspected. This usually
involves cleaning the surface to remove any contaminants, such as grease, oil, dirt, or corrosion. Proper surface
preparation is essential to ensure accurate results.

Transducer Setup: A transducer is a key component of the UT equipment. The transducer is a handheld device that
generates and receives ultrasonic waves. A couplant, typically a gel or a special coupling fluid, is applied to the
surface of the material to help transmit the ultrasonic waves.

Generation of Ultrasonic Waves: The transducer is placed on the surface of the material, and it generates high-
frequency sound waves, typically in the range of 0.5 to 25 megahertz (MHz). These sound waves are introduced
into the material and travel through it.

Propagation of Sound Waves: The ultrasonic waves propagate through the material. As they travel through the
material, they encounter boundaries, interfaces, and any internal defects or anomalies within the material.
Reflection of Sound Waves: When the ultrasonic waves encounter a change in the material, such as the back
surface, an internal defect, or a void, a portion of the waves is reflected back towards the transducer. The time it
takes for the reflected waves to return is recorded and used to determine the distance to the reflecting interface.
Display and Analysis: The data collected from the ultrasonic waves is displayed on a screen or monitor. A skilled
technician or inspector can interpret the results by analyzing the ultrasonic waveform and the time it takes for the
waves to travel. The presence and characteristics of any defects, such as cracks or voids, can be identified [28, 29].

2.4.1. Advantages of ultrasonic testing

High sensitivity to both surface and subsurface defects.

Versatility in inspecting a wide range of materials, including metals, composites, and plastics. The ability to
provide quantitative data about defect size and depth. Real-time inspection, allowing for immediate assessment of
component integrity. Non-destructive nature, which means it does not harm the tested components.
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2.4.2. Disadvantages of ultrasonic testing

Requires well-trained and certified technicians for accurate results. In some cases, it may be necessary to access
both sides of the material being tested, which can be challenging in some aircraft components. Surface finish and
complex geometry can affect the accuracy of the inspection [30].

2.4.3. Common applications of ultrasonic testing in aviation

Ultrasonic testing is used to inspect the integrity of critical structural components, such as the aircraft's fuselage,
wings, tail, and landing gear [30].

2.5. Radiographic inspection

Radiographic inspection testing relies on the principle that X-rays or gamma rays can penetrate through materials
to varying degrees, depending on the material's thickness, density, and composition (Fig. 9). When these rays pass
through the material, they are absorbed or scattered by the internal structure of the material, creating a shadow
image on a radiographic film or digital detector. Areas with different densities, such as defects or anomalies, appear
as variations in the shadow image.

& °

Fig. 9. Radiograph of typical aircraft wing spar [31]
The process of radiographic inspection testing in aviation:
A radiation source is used to produce X-rays or gamma rays. X-ray machines generate X-rays through the
interaction of high-energy electrons with a metal target, while gamma-ray sources emit gamma rays from
radioactive isotopes like iridium-192 or cobalt-60. The radiation source is directed at the material or component
being inspected (Fig. 10). The X-rays or gamma rays penetrate the material and create a latent image on a
radiographic film or digital detector. The exposed radiographic film or digital detector records the radiation that
passes through the material. The film may need to be developed, while digital detectors provide immediate results.
A trained radiographic technician or inspector examines the radiographic image to identify the location, size, and
characteristics of any defects, such as cracks, voids, or inclusions [32].
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iVl
Fig. 10. Radiation source for radiographic testing [33]

2.5.1. Advantages of radiographic inspection

Radiographic testing is suitable for a wide range of materials, including metals, composites, and some non-metallic
materials. This versatility allows it to be used on various aircraft components. Radiography can provide a full
internal view of the test material, offering comprehensive coverage. Radiographic testing is highly sensitive to a
wide range of defects, making it an effective method for detecting small or subtle irregularities within the material.
Digital radiography systems offer real-time imaging, allowing for immediate examination of the results. This can
expedite the inspection process and decision-making. Radiographic images provide quantitative data that can be
used to measure the size and depth of defects, aiding in defect characterization and evaluation. Radiography is
particularly effective for identifying defects hidden within the material, which might otherwise remain unnoticed
and lead to catastrophic failures [34].

2.5.2. Disadvantages of radiographic inspection

Radiographic inspection, despite its many advantages, also has several disadvantages and limitations when used
in aviation for non-destructive testing (NDT). These disadvantages should be taken into consideration. One of the
most significant drawbacks of radiographic inspection is the exposure to ionizing radiation. This poses health and
safety risks to personnel who operate the equipment. The use of ionizing radiation sources in aviation necessitates
strict compliance with regulatory requirements. This includes proper certification, licensing, and adherence to
radiation safety guidelines, which can be time-consuming and costly. Radiographic inspection equipment,
especially high-quality and portable systems, can be expensive to acquire and maintain. This can be a barrier to
smaller aviation maintenance facilities. The disposal of radioactive materials or radioactive waste generated during
radiographic inspections must be managed carefully to minimize environmental impact. The quality of
radiographic images can be influenced by factors such as radiation source, geometry, and material density. Factors
like scattered radiation can reduce image quality and make interpretation challenging. Radiography may be
sensitive to variations in temperature and humidity, which can affect the quality of the radiographic image.

While radiographic inspection is a valuable NDT method for aviation, these disadvantages underscore the need
for careful planning, proper training, strict adherence to safety protocols, and the consideration of alternative NDT
methods in situations where radiography may not be practical or safe [35].
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3. Conclusion

In conclusion, non-destructive testing (NDT) methods are indispensable tools in the aviation industry, serving as
the backbone of safety, reliability, and airworthiness. Throughout this article, we have explored several NDT
methods commonly used in aviation, each offering its unique set of advantages and limitations. The advantages of
these NDT methods include their non-destructive nature, high sensitivity, and the ability to detect defects at various
depths, making them vital in ensuring the structural integrity of aircraft components. In the aviation industry,
where safety is paramount, a combination of these NDT methods is often used in tandem to ensure the reliability
and airworthiness of aircraft. This multi-pronged approach allows for thorough inspections, early defect detection,
and informed decision-making during maintenance and repairs.
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OZET

Gelisen teknoloji ile birlikte elektronik cihazlara olan ilginin olumsuz bir etkisi elektromanyetik
kirlilik olmugtur. Bu yiizden elektromanyetik girisim (EMI) kalkanlama malzemeleri 6nemli hale
gelmistir. Yiiksek yogunluklu ve diisiik korozyon direncine sahip metaller ¢ogunlukla iletkenlik
ozellikleri nedeni ile tercih edilse de bu dezavantajlarindan dolayi, hafif, yiilksek mukavemet ve
yiiksek korozyon direncine sahip polimerler kompozitlere ilgi artmistir. Termoplastik kompozitler
hafif, kolay islenebilir ve geri doniistiiriilebilir olmalari nedeni ile genis bir uygulama alanlarinda
kullanilmaktadir. Elektromanyetik girisim kalkanlama prensibine dayali olarak, bir¢ok karmagik
faktor, iletken polimer kompozitler i¢in istenen kalkanlama verimini elde etmede etkili bir role
sahip oldugu goriilmiistiir. Bunlar, iletken polimer kompozitlerin iletkenlik &zelliklerini biiyiik
olgiide etkileyen nanopartikiillerin tiirii, morfolojisi, miktar1 ve dagilimini igerir. Yiizey iletken
tabakas1 veya yliksek igerikli metal dolgulu iiriinler, esas olarak yansima yoluyla iyi
elektromanyetik girigim korumasi saglar, ancak genellikle yiiksek yansimaya yol agarak giiglii
ikincil elektromanyetik radyasyona neden olabilirler. Dolayisi ile yansima tabanli EMI koruma,
yalnizca kalkanlama malzemesiyle girisimi Onleyebilir, ancak kayip elektromanyetik dalgalar
etkili bir sekilde kontrol edemez ve ortadan kaldiramaz. Bu nedenle, ikincil elektromanyetik dalga
kirliligini ortadan kaldirmak manyetik nanopartikiiller ile karbon esasli (karbon fiber gibi) hibrit
malzemelerinin iletken polimer kompozitlerin absorpsiyon ozelligini desteklemek igin ilave
edilmesi ile saglanabilir. Burada, manyetik nanopargaciklar manyetik kayip saglarken karbon nano
dolgu maddeleri, sogurma yoluyla elektromanyetik dalgalar1 daha etkili bir sekilde dagitabilen
dielektrik kaybina katkida bulunur. Kalkanlama verimini etkileyen bir diger onemli faktor ise,
polimer kompozitlerin yapisal &zelliklerinin (y1gin veya 3 boyutlu gézenekli yapiya sahip olmasi)
etkisidir.

Poliiiretan termoplastikler, esnek, hafif, ekonomik olmalar1 ve ii¢ boyutta gézenek yapili sekilde
iiretilebilmeleri nedeniyle EMI korumasi agisindan énemlidir. Grafen, karbon siyahi, karbon fiber
gibi karbon esasli malzemelerin polimer matrisine ilave edilmesi ile mekanik, elektriksel iletkenlik
ve termal Ozelliklerinde iyilesme saglanir. Bu nedenle, karbon esasli malzemeler, elektronik
cihazlarda elektromanyetik girisimi engellemek igin potansiyel olarak etkili bir segenek olarak
kabul edilebilir.

ABSTRACT

Electromagnetic pollution has been a negative effect of the interest in electronic devices with
advancing technology. Therefore, electromagnetic interference (EMI) shielding materials have
become important. Although metals are mostly preferred due to their conductive properties, due
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to their disadvantages such as high density and low corrosion resistance, interest in lightweight,
high strength and high corrosion resistance polymers composites has increased. Thermoplastic
composites are used in a wide range of applications due to their light weight, easy processing and
recyclability.

Based on the principle of electromagnetic interference shielding, many complex factors have been
found to have an influential role in achieving the desired shielding efficiency for conductive
polymer composites. These include the type, morphology, amount and dispersion of nanoparticles,
which greatly affect the conductive properties of conductive polymer composites. Surface
conductive layer or high-content metal-filled products provide good electromagnetic interference
shielding, mainly through reflection, but they can often lead to high reflection, resulting in strong
secondary electromagnetic radiation. Thus, reflection-based EMI shielding can only prevent
interference by shielding material, but cannot effectively control and eliminate lost
electromagnetic waves. Therefore, eliminating secondary electromagnetic wave pollution can be
achieved by adding magnetic nanoparticles and carbon-based (such as carbon fiber) hybrid
materials to support the absorption property of conductive polymer composites. Here, magnetic
nanoparticles provide magnetic loss while carbon nanofillers contribute to dielectric loss, which
can more effectively dissipate electromagnetic waves through absorption. Another important
factor affecting the shielding efficiency is the influence of the structural properties of the polymer
composites (bulk or 3D porous structure).

Polyurethane thermoplastics are important in terms of EMI shielding because they are flexible,
lightweight, economical and can be produced with pore structures in three dimensions. By adding
carbon-based materials such as graphene, carbon black, carbon fibre to the polymer matrix,
mechanical, electrical conductivity, and thermal properties are improved. Therefore, carbon-based
materials can be considered as a potentially effective option for blocking electromagnetic
interference in electronic devices.

* Corresponding author, e-mail: hkodabasi@firat.edu.tr

1. Giris

Radyo, televizyon, telefon, Wi-Fi agi, baz istasyonlari, uydu iletisimi, radar sistemi vb. dogal ve yapay
kaynaklardan kaynaklanan elektromanyetik dalgalar [1] elektrik-elektronik cihazlarin yani sira insan saghgini da
olumsuz etkilemektedir. Havacilik sektoriinde kullanilan kritik neme sahip aviyonik sistemler elektromanyetik
alanlardan etkilenebilir ve bunun sonucunda performanslarinda azalma ve/veya bozulma goriilebilir [2, 3].
Elektronik cihazlari etkileyen bu bozulmaya Elektromanyetik Girigim (EMI) adi verilir [4].

Elektronik cihaz kullaniminin kontrol edilemeyen artisinin sistemleri etkilemesi nedeniyle EMI’nin azaltilmasi
veya engellenmesi i¢in kalkanlama malzemesine olan ihtiyaci beraberinde getirmistir. Bu nedenle, istenmeyen
emisyonlart engelleyen ve bileseni basibos sinyallerden koruyan elektromanyetik girisim (EMI) koruyucu
malzemeler liretmek i¢in biiyiik cabalar [5-8] sarf edilmistir. Metal esasli malzemeler, yiiksek iletkenlik 6zellikleri
nedeni ile EMI kalkanlama malzemesi olarak tercih edilmektedir. Ancak korozyona oldukca egilimli olmalari,
yogunluklarinin fazla olmasi ve kullanim maliyetinin yiiksek olmasi, iletken ve hafif malzeme olan polimerlere
ilgiyi arttirmastir [2, 9]. Hafif olan polimerlere iletken 6zellik kazandirarak EMI kalkanlama malzemesi olarak
kullanimi saglanmustir [9].

Termoplastik kompozitler hafif, kolay islenebilir ve geri donustiiriilebilir olmalar1 nedeni ile genis bir uygulama
yelpazesinde kullanilmaktadir. Karbon fiber, karbon siyahi, karbon nanotiip, grafen gibi karbon esasli malzemeler
termoplastik kompozitler i¢in iletken dolgu malzemeleri olarak tercih edilmektedirler [8, 10]. EMI kalkanlama
malzemesi i¢in, iletken olmalari, yiiksek mukavemet ve korozyon dayanimlarinin iyi olmasi gibi 6zelliklerinden
dolay1 karbon esasli polimer kompozitlerin tercih edilmesinin baslica sebepleridir. Ayrica yiiksek en boy orani ve
hafiflik 6zellikleri metal dolgu malzemelerine gore baslica avantajlarindandir. Cok katmanli, ayristirilmis ve
kopiik (3D) yapilar gibi elektromanyetik koruyucu malzemelerin tasarimi da EMI koruma performansi iizerinde
biiyiik bir etkiye sahiptir [11]. iletken dolgu maddelerinin dagiliminin kontrol edebilmesi ve iletken yol olusumu
icin ¢coklu arayiizlere sahip polimer kompozitler diisiik miktarda dolgu maddesi ile yiiksek elektrik iletkenlik elde
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edilmesine olanak saglarlar [5, 12]. Ayrica, ¢oklu yansima arayiizleri elektromanyetik dalgalar i¢in polarizasyon
kaybina ve sogurma kaybina neden olur. Ornegin, ¢ok katmanli ve birbirine bagli ii¢ boyutlu bir grafen-karbon
nanotiip-demir oksit 3D heteroyapisi, 130 dBnin iizerinde genis bant yiiksek performansli EMI SE'ye katkida
bulunmustur [13].

Glnlimiizde polimer kompozitlerin kalkanlama ozelliklerini tasarim ve kalinlik 6zelliklerini dikkate alarak
artirmaya ¢alisan Alpine Advanced Materials (Texas, ABD), Tri-Mack Plastics Manufacturing Corp. (Bristol) gibi
bircok arastirma grubu ve firma ozellikle termoplastik esaslt malzemeler iizerinde calismaktadir. Bu nedenle
medikal, askeri ve havacilik gibi kritik alanlarda kullanim i¢in endiistriyel potansiyele sahip olan termoplastik
esash elektromanyetik kalkanlama alaninda yapilacak bilimsel ve teknolojik aragtirmalar 6nem kazanmaktadir.
Bu ¢alismada, EMI mekanizmasi ile birlikte EMI kalkanlama malzemeleri olarak karbon esash dolgu malzemeleri
iceren termoplastik poliiiretan matrisli polimer kompozitlerin tasarim ilkeleri, iiretim ydntemleri ve Snemi
arastirilmistir. Ayrica EMI kalkanlama malzemeleri i¢in 6nemli parametreler, avantajlari ve dezavantajlari
tartisilmustir.

2. EMI Kalkanlama Mekanizmasi

EMI ve elektromanyetik Kirlilik sorunu i¢in radyasyondan koruma amagli uygun malzeme ve mekanizmalara
ihtiya¢ duyulmaktadir. Radyasyonu iletken veya manyetik kaplamalar veya ilavelerle ile engellenerek
elektromanyetik girisimi kontrol etmeye EMI kalkanlama (Sekil 1) adi verilir [14]. EMI kalkanlama kisaca,
radyasyonun kalkan icine ge¢mesine karsi koruma gorevi géren bir malzeme ile elektromanyetik radyasyonun
emilmesi ve yansimasi olarak tanimlanabilir [15, 16].
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- - | -
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E: Elektrik alan yogunlugu H: Manyetik alan yogunlugu

Sekil 1. Elektromanyetik dalgalarin yayilimi ve kalkanlama mekanizmasi [14]

Kalkanlama etkisi ile manyetik veya elektrik alan siddetindeki azalma 6l¢iilerek tespit edilebilir. Bu azalma EMI
kalkanlama verimliligi (SE) olarak tanimlanir ve birimi desibel (dB)’dir. Sekil 1’ de gosterildigi gibi Schelkunoff
teorisine gore elektromanyetik girisim korumasi toplam verimi (EMI SE7), elektromanyetik dalgalarin koruyucu
malzemeler tarafindan zayiflatilmasi i¢in yansima (SER), sogurma (SEa) ve ¢coklu yansimalar (SEwm) dahil olmak
iizere li¢ koruma mekanizmasinin toplami olarak tanimlanmaktadir ve asagidaki formiiller ile ifade edilmektedir
[2,14].
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SEg = 168,2 + 10log f"; (2)
SE, = 131,43t\/fo.1, (3)
SEy = 101log[1 — 2x107%15E4 c0s(0,23SE,) + 10~ %25E4] 4)

Burada f, elektromanyetik dalganin frekansidir, t, koruyucu malzemenin kalinligi, or ve p, sirastyla koruyucu
malzemenin bakira gore iletkenligi ve bagil gec¢irgenligidir. Kalkanlama yiizeyi ile dalga yayilimi arasindaki
empedans uyumsuzlugu yansima kaybi(SERr) olarak adlandirilir [17]. Yaklagik olarak 1 ohm/cm hacim 6zdirenci
yansima i¢in gereklidir. En etkili EM yansitan malzemeler serbest elektronlara sahip metallerdir. Yansima SEr
kaybi denklem 2 ile ifade edilebilir [18]. Esitlik 2’ ye bakildiginda yansima kaybinin frekans, pir ve 6r oranina bagl
oldugu anlagilmaktadir. y; ve or sabit iken frekans arttirildiginda SEr’nin azaldigi sonucuna varilabilir [19].
Yiiksek iletkenlik ozelligi gosterdikleri igin bakir, altin ve aliiminyum gibi metaller yansima igin etKili
malzemelerdir [20]. Absorpsiyon kaybi SEa, yiiksek empedans uyumuna ve nispeten daha biiytik yiizey derinligine
sahip malzemelerde meydana gelir. Gelen EM dalgalar1 kalkanlama malzemesine niifuz eder [18]. SEa Esitlik 3’
deki gibi ifade edilebilir ve Esitlik 3’e bakildiginda, frekans arttikca absorpsiyon kaybi artmaktadir. Esitlik 2 ve
3'den SEr ve SEa'nin iletkenlik ve gecirgenlige bagimliligi, daha yiiksek iletkenlige ve manyetik gecirgenlige
sahip malzemenin daha iyi sogurma &zellikleri elde edebilecegini ortaya koymaktadir. Ancak, yiiksek iletkenlik
ekranlama i¢in tek kriter degildir. Daha ziyade, kompozit malzemelerde iyi bir iletken baglantiya sahip olmak daha
onemlidir. Kompozit malzemelerde iletim yolu veya perkolasyon (siiziilme) olusmasi (6rnegin karbon
nanotiiplerin mikroyapida birbirleri ile ya da karbon nanotiipleri karbon fiber gibi bagka bir iletken malzeme ile
baglantili olmasi) iyi iletkenlik i¢in dnemlidir. Sekil 1° de gosterildigi gibi, eger kalkanlama malzemesi ince ise
ikinci sinirdan gelen yansiyan dalga birinci sinirdan tekrar yansir. Dalga tekrar tekrar yansitilarak ikinci sinira
doner ve buna ¢oklu yansima denir [17]. Diger bir deyisle kalkanlama malzemesi igindeki arayiizler arasindaki
EM dalgalarinin yansimalar1 olarak meydana gelen ¢oklu yansimalardir. Yiksek ylizey alan1 ve arayiizler
sebebiyle kopiikler, aerojeller ve dolgulu kompozitler SEm gosteren malzemelere Ornek verilebilirler. Eger
malzemede ¢oklu yansimalar meydana gelir ise dalgalarin yogunlugunda azalma meydana gelir. SEw esitlik 4 ile
ifade edilebilir [8, 18]. SEwm, kalkanlama malzeme kalinliginin penetrasyon derinligine oraninin sonucudur.
Araylizeyler arasindaki mesafe penetrasyon derinligine gore biiyiik ise SEm thmal edilebilir. Yiiksek absorpsiyon
kayb1 sebebiyle kalin bir malzemenin SEwm’i ihmal edilebilirken ince bir malzemenin SEm’i ihmal edilemez. SEa
> 10 dB ise SEwm diisiiktiir ve ihmal edilebilir [18]

3. EMI Kalkanlamasi i¢in Kullamilan Polimer Malzemeler

Polimer kompozit malzemeler hafif olmalari, yiiksek mukavemet ve dayaniklilik, kolay islenebilirlik gibi
ozelliklerinden dolay ulasim, havacilik, otomotiv ve savunma gibi birgok alanda yer edinmistirler [21]. Tletken
dolgu maddesi igeren polimer matrisli kompozitler (PMC) kolay islenebilir olmalar1 nedeni ile EMI kalkanlama
mekanizmast i¢in olduk¢a uygundur. PMC’ler diisikk yogunluklar1 sayesinde kalkanlama malzemesi olarak
kullanilmast igin olduk¢a umut vericidirler. Islenebilirliklerinin kolay olmasina ragmen segilen polimer matris tipi
bu 6zelligi yiiksek oranda etkiler. Cesitli metaller veya metal esasli dolgu maddeleri eklenerek polivinil alkol
(PVA), poliviniliden floriir (PVDF), polilaktik asit (PLA), poliiiretan (PU), polietilen (PE), polikarbonat (PC),
poliamid (PA) vb. gibi iletken olmayan polimerler, iletken hale getirilebilir [22].

EMI kalkanlama malzemesi olarak kaucuk, elastomer, kopiik, aerojel, termoset ve termoplastik polimer
kompozitler gesitli uygulamalar igin gelistirilmistir [23, 24]. Termoplastik kompozitler, hafif, iiretim kolayligi,
miikemmel esneklik, termal kararlilik ve geri doniistiiriilebilir 6zellige sahip olmalar1 nedeniyle tercih
edilmektedir. Ayrica Ni, Cu, Fe gibi metal fiberlerden karbon fiber (CF), karbon siyahi (CB), karbon nanotiip
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(CNT), grafen karbon esasli iletken dolgu malzemelerine kadar genis bir dolgu malzemesi skalasina sahiptir [7, 8,
18 25]. Metal dolgu maddelerinin, yiiksek EMI SE’ ye sahip olmalarina ragmen oksidasyon sorunu ticari
kullanimlarim etkileyip sinirlayan en biiyiik dezavantajidir. Karbon esasli malzemeler, hafiflik, dielektrik, yiiksek
en-boy orani, korozyona diren¢ gibi EMI kalkanlama malzemesi icin aranan ideal 6zellikleri tasimaktadir [26].

4. Termoplastik Poliiiretan Esash EMI Kalkanlama Kompozitleri

Termoplastik poliiiretan esasli kompozitlerin sentezi ve karbon esasli (grafen, karbon fiber, karbon nanotiip,
karbon siyahi1 vb.) dolgu malzemeleri ile giiclendirilmis kompozitlerin EMI kalkanlama 6zelliklerine etkileri
asagidaki boliimlerde ayrintili olarak tartigilmisgtir.

4.1 TPU esash kompozitlerin iiretim teknikleri

TPU/karbon esasli kompozitler, uygulama alanlar1 agisindan bilyiik ilgi gormektedir. Bu kompozitlerin
hazirlanmasti i¢in en yaygin kullanilan sentez yontemleri arasinda yerinde polimerizasyon, kat1 hal sentezi, ¢ozelti
harmanlama, eriyik harmanlama ve sol-jel polimerizasyon yontemi bulunmaktadir [27].

4.1.1 Yerinde (In-Situ) polimerizasyon yontemi

Yerinde polimerizasyonun yontemi (Sekil 2) [28], iletken dolgu maddesi ve monomerlerin karisimlar1 yerinde
olarak polimerizasyon gerceklesmesi esasina dayanir. Ilk olarak dolgu maddesi monomer ¢dzeltisi igerisine
karistirilir ve ardindan baglatici eklenerek polimerizasyon baglar. Bu yontem ile dolgu maddesinin polimer matrisin
icerisinde homojen dagilimi saglanabilir [29]. Bu yontem, karbon bazli dolgular i¢in polimer matrisli kompozitler
verimli bir teknik olarak bilinmektedir [30].

izosiyanat —_  lzosiyanat

eklentisi — eklentisi

—— —_—

D

Sirekli Surekli

karistirma karistirma
CEnin CF/PU Poliol CF/PU B
poliol + kompoziti kompoziti

monomeri

Sekil 2. Yerinde polimerizasyonun yonteminin sematik gosterimi [28]
4.1.2 Kat1 hal sentez yontemi

Kati hal sentez yonteminde bilyeli 6giitme islemi ile birlikte ¢elik V- tip bir karistirici( twin shell mixer)
kullanilarak polimer kompozitler iiretilebilir [31]. Yontemde polimerler ve dolgu malzemeleri, agirlik ve hacim
oranlarina gore eklenir ve polimer kompozitler iiretilir. Kat1 hal sentez yontemi kompozitlerin yonlendirilebilir
agirlik ve dagilimina sahip kompozit malzemeler iiretmek igin etkili bir yontemdir [32].

4.1.3 Cozelti harmanlama yontemi

Cozeltide harmanlama yontemi (Sekil 3), iletken dolgu maddesinin ultrasonikasyon islemi ile uygun ¢o6ziiclide
diizgiin dagilmas: ile gerceklesir [33]. Ilk olarak polimer DMF, THF, aseton gibi uygun bir ¢dziicii de ¢oziiliir.
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Daha sonra partikiil dolgu malzemesi polimer ¢ozeltisine eklenerek karistirilir. En son ¢oziicii ¢okeltme veya
damitma yoluyla ayristirilip {iriin elde edilir. Bu yontemin amaci, partikiillerin ¢oziicii ile etkilesiminin sonucu
partikiiller arasindaki Van der Waals kuvvetlerini zayiflatarak polimer zincirlerinin partikiiller arasindaki
difiizyonunu kolaylastirmaktir. Bu yontemin avantaji, diisiik viskoziteli, homojen dagilmis vb. iirlinler elde
etmektir. Dezavantaji ise ticari olarak tercih edilmemesinin baslica sebebi olan, ¢cok fazla ¢oziicii miktarina ihtiyag
duyulmas1 ve dolayistyla maliyetlerin artisidir [34]. Partikiil dagilimin1 ve 6zelliklerini etkileyen parametreler,
karistirma kosullari, ¢ozelti viskozitesi, polimer-¢oziicii-partikiil etkilesimidir [35].

Sonikasyon PU’da Birkag saat
¢ozlinmiis karistirma
' ' ' v L
0 ® 0 0
00
Céziicii icinde CF’nin PU CF/PU
¢éziinmus CF do'gu cazﬁnmesi komp°z|t|

Sekil 3. Cozelti harmanlama yonteminin sematik gosterimi [28]
4.1.4 Eriyik harmanlama yontemi

Eriyik harmanlama, yerinde (in-situ) ve ¢ozeltide harmanlama yontemlerine gére basit ve seri iiretime olanak
saglayan, maliyet olarak diisiik olan bir yontemdir. Sekil 4’de gosterilen yontem, kesme kuvveti kullanarak viskoz
sivi elde etmek i¢in polimerlerin ergitilmesi ve daha sonra dolgu maddelerinin igine eklenmesi ile gergeklesir. Bu
yiizden herhangi bir ¢dziiciiye ihtiyag duyulmaz ve gevre dostu bir yontemdir. Yontemin kolayligi ve g¢ok
yonliiliigii ticari olarak polimerlerin islenmesinde 6n plandadir. Ana dezavantaji, grafenin diisiik dagilma
yeteneginden dolayi grafen esasli polimer kompozit iiretimde ¢ok tercih edilmeyen bir yontem haline getirmektedir
[29].

o.o. ¢

CF Dolgu Maddesi PU Matris CF Dagilmis PU Kompoziti

Sekil 4. Eriyik harmanlama yontemiyle CF/PU kompozitinin {iretimi [28]
4.1.5 Sol-Jel polimerizasyon yontemi

Hammaddelerden kati kompozit malzemeler iiretmek i¢in sol-jel polimerizasyon yontemi kullanilir. Bu teknikte
hammadde hidroliz yontemi ile birlikte uygun bir ¢6ziicii i¢erisinde ¢oziindiiriiliir. Polimer baslangicta oligomerler
olarak ve daha sonrada polimerleserek agregatlara doniiserek ¢oziiniirler. Uygun bir sivi igerisinde ¢oziinerek sol
olusturulmustur. Bu yontemde, agregatlar ve monomerler, polimer ¢ozeltisi degiskenligini kaybettiginde stirekli
bir ag olusturur ve bu durum jeli olusturur. Polimerizasyon siireci, sol iginde jel gecisi ile birlikte olusturulur. Daha
sonra da polimer molekiillerini olusturur [31,35].
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5. Karbon Tiirevleri iceren TPU Kompozitler

Epoksi, poliakrilat, alkid, poliiiretan (TPU) vb. farkli yalitkan polimer matrisler arasinda, TPU yiiksek uzama,
darbe dayanimu, iyi aginma direnci, hava kosullarina dayaniklilik, yiiksek korozyon direnci ve iyi elastisite modiilii
ozellikleri nedeniyle son yillarda EMI kalkanlama uygulamalari i¢in 6nemli bir arastirma ilgisi kazanmustir [36,
37]. Karbon siyahi, grafit, indirgenmis grafen oksit gibi karbon dolgu malzemeleri, polimer kompozitlerde EMI
korumasi i¢in Ni, Cu, paslanmaz celik gibi metalik liflere alternatif malzemelerdir. Karbon fiberler CF'ler, yiiksek
0zgiil gerilme mukavemeti, modiil ve asinma direnci gibi 6zelliklerinden dolay1 polimer kompozit malzemelerinin
ozelliklerini iyilestirmek icin yaygin olarak kullanilmaktadir. Ornegin, karbon fiber (CF) dolgu maddesi ile
TPU’lar arasindaki islenebilirlik, ¢o6ziinebilirlik, stabilite, termal, mekanik ve elektriksel o6zelliklerinin
iyilestirildigi gozlemlenmistir [38]. Metalik dolgular ile karsilagtirildiginda, polimer iginde dagilmis CF’ler
mekanik ve elektriksel 6zellik olarak iyi bir denge saglar [39]. Li ve ark. [40] tarafindan yapilan bir ¢caligsmada, bu
tiir kompozitlerin paslanmaz celik fiberlere kiyasla CF’lerin daha iyi mukavemet ve sertlik gosterdigi gozlenmistir.
Disiik yansima ve yiiksek kalkanlama verimliligi, CF’lerin polimer matris igerisinde yonelim [41] ve fiberlerin
EM dalgasi ile ayn1 yonde yonelmelerine baglidir. Duan ve ark. [42] karbon fiber kumaglarin oryantasyonlari,
tabakalarin sayist ve kalinlik etkisinin TPU/CF kompozitlerin elektromanyetik kalkanlama performansina
etkilerini inceledigi ¢alismada, 3 katman karbon fiber ve 45° CF oryantasyonuna sahip kompozitlerin X-band
araliginda 73 dB ile maksimum degere ulastigini rapor etmislerdir. Elektromanyetik girisim korumasindaki diger
bir faktor, iletken dolgu malzemelerinin yalitkan bir matris ile iyi araylizey olusturarak homojen dagiliminin
dolayistyla kompozitteki elektriksel iletimin stirekliliginin saglanmasidir. Yi ve ark. [43] polieter-piranin ile yiizey
aktive edilmis kirpilmig karbon fiber igeren TPU esasli kompozitlerin, 7—n etkilesimlerinden dolayr TPU matris
icersinde daha iyi dagilim gosterdiklerini dolayisiyla ylizey aktive edilmemis CF iceren kompozitlere gore %22
daha iyi elektriksel iletkenlik degeri elde edilmistir. Ayrica polieter-piranin ile yiizey aktive edilmis CF igeren
kompozitlerin daha iyi EMI performansina (maksimum ~ 30 dB- agirlik¢ca %20 CF igeren kompozitlerde) sahip
olduklarini da rapor etmislerdir.

CNT'ler yeni polimer nanokompozitler olusturmak i¢in ideal nano dolgu maddelerinden biri olarak kabul edilebilir
¢linkii. CNT'lerin uzunlugu, yiiksek en-boy oranlart (300-1000), yiiksek iletkenlik ve mekanik ozellik, diisiik
yogunluk ve kolay islenebilirlik nedenleri ile EMI kalkanlama mekanizmasi i¢in ideal malzemelerdir [44, 45].
Shin ve ark. [46] CNT bazl termoplastik poliiiretan (TPU) kompozitler, ¢oziicii kaynakli olmayan faz ayrim
(NIPS) stratejisi ile kolay bir ¢ozelti karistma yoluyla farklit uzunluktaki (10-20 pm ve 200 pm) farkli
uzunluklara sahip CNT'lerin TPU nanokompozitlerin EMI kalkani, elektrik ve termal iletkenlik performansi
tizerindeki etkisi incelenmigstir. CNT'lerin dahil edilmesi ile TPU matrisi iginde kompozitlerin i¢indeki elektron
veya yik aktarilabilirligini daha fazla artiran, mekanik 6zelliklerde, EMI korumasinda ve elektriksel 6zelliklerde
iyilesme saglayan benzersiz birbirine bagl iletken aglarin olusturulmustur. Agirlikca %10 CNT (200 pm) igeren
kompozit 42.5 dB'lik dikkate deger bir EMI kalkanlama verimliligi ve 1.9 x 10°3 S/cm'lik elektrik iletkenligi
gosterirken agirlikca %10, 10-20 um boyutunda CNT igeren TPU kompozitler ise 17.5 dB kalkanlama verimliligi
(SE) elde edilmistir. Sobha ve ark.[47] yerinde polimerizasyon yontemi ile anilin ile fonksiyonellestirilmis
agirlikga farkli oranlarda (% 0.25-8) MWCNT/TPU kompozitlerde %8 MWCNT agirlik konsantrasyonu i¢in 19.65
dB degerine ulagtigimi rapor etmislerdir. Aym1 kompozitlere PANI iletken polimer ilavesi ile ¢ok bilesenli
PANIFMWCNT/TPU kompozitlerinde ise %8 MWCNT agirlik konsantrasyonu i¢in EMI kalkanlama degeri
yaklagik 31 dB degerine ulagsmistir. PANI ilavesi ayn1 zamanda diisiik perkolasyon (agirlik¢a %0.58) esigi ile
yiiksek iletkenlik eldesi saglamustir.

Cok katmanli, ayrigtirilmis (segrege) ve kopiik (3D) yapilar gibi elektromanyetik koruyucu malzemelerin tasarimi
da EMI koruma performansi lizerinde biiyiik bir etkiye sahiptir. Arastirmacilar [48-50] dolgu maddesi dagilimini
makul bir sekilde diizenlemek, dolgu maddeleri arasindaki etkili iletken yolu saglanmak ve dolgu oranini
ayarlayabilmek i¢in polimer kompozitlerin tasariminda, ayrik (segrege) yapi, gozenekli yap1 ve katmanli (sandvic)
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yapt gibi farkli yapisal tasarim stratejilerine odaklanmistir. Dolgu maddelerinin serbestge iist iiste gelmesi ile
iletken agin olusumu gergeklesir. Bu sebeple yalitkan malzemenin iletken hale doniismesi i¢in yiiksek dolgu
igerigine sahip olmasi gerekmektedir. Ancak bu da homojen malzemelerin perkolasyon degerinin yiiksek olmasina
neden olur. Ayrik (segrege) yapilar polimer kompozitlerde perkolasyon degerinin azaltilmasina yardimeci olur [51,
52]. Iletken dolgu maddeleri ile kaplanan polimer partikiiller ayrik bir yap1 olusturmak igin bir araya getirilir. Bu
yapilarda, iletken dolgu maddeleri diflizyonunu geciktirerek matris arayiizleri arasinda se¢imli olarak dagitilabilir.
Boylelikle iletken agin olusumunun verimi daha fazla arttirilabilir [53, 54].

Wang ve ark.[48] ayn1 dolgu igerigine sahip homojen yapisal TPU/MWCNT kompozit kdpiiklerden daha yiiksek
EMI koruma performansi elde etmek icin dolgu maddesinin segici dagilimu ile birlikte her katmanin TPU matriste
bulunan yumusak alan sert alan bilesen oranini ayarlayarak ¢ok katmanli gradyan yapisina sahip EMI koruyucu
TPU/MWCNTs kompozit kopiikler tasarlamiglardir. Bu caligma hem segrege hem de 3-boyutlu polimer
kompozitlerin EMI 0&zelliklerinin arastirilmasina iyi bir Ornektir. Cok katmanli gradyan yapisina sahip
TPU/MWCNTs kompozitlerinin ortalama EMI SE'si, homojen kompozitlere kiyasla %20 artarak 45.5 dB'ye kadar
cikmistir ve kopilik isleminden sonra gradyan yapiya sahip kopiiklerin ortalama EMI SE'si homojen
kopiiklerinkinden daha yiiksek bir deger olan maksimum ortalama EMI SE 35.4 dB olarak bulunmustur.

Polimer 3-boyutlu termoplastik kopiiklerin tiretiminde genellikle yigin kopiikleme (batch foaming), kopiik
ekstriizyon, kopiik enjeksiyon kaliplama ve siiperkritik karbondioksit (ScCO-) teknikleri gibi bazi farkli gbzenek
olusturma teknikleri ile uygulanan hiicre yapisinin, EMI kalkanlamay1 iyilestirme yollarindan biri oldugu
diisiiniilmektedir [55-57]. Gozenekli polimer kompozitler diisik yogunluk ve yiiksek EMI absorpsiyon
ozelliklerine sahiptirler [58, 59]. Polimer kompozitlerin mikrohiicresel yapisi nedeni ile EM dalgalarin ¢oklu
yansimasi ve sagilimi artabilir. Bu da EM dalgalarin oldugundan daha fazla yayilmasina neden olur [60]. Bu
sebeple gozenekli polimer kompozitlerin igyapisi ile EMI 6zellikleri arasindaki iligki, yiiksek verimli EMI
kalkanlama malzemelerin iiretimi i¢in Onemlidir. Arastirmacilar, farkli dolgu icerigine sahip kopiiklerin,
kopiiklenme derecesi arttikca EMI SE ve elektrik iletkenliginin farkli sonuglar gdsterdigini bulmuslardir [61].
Kopiiklii kompozitler igin, gdzenekli yapinin porozite, gézenek capi, kalinlik ve gozenek dagilimi baslica
parametreleri arasinda yer alir [61].

CNT, karbon fiber ve karbon siyahi gibi diger karbon tiirevi dolgu malzemeleri ile karsilastirildiginda olaganiistii
ozelliklere sahip c¢ok yonli bir 2D karbon nanomalzemesi olan grafen, TPU bazli polimer ¢ok yiizeyli
kompozitlerin etkili bir dolgu bileseni olarak ¢ok sayida ¢alismada kullanilmistir [62-65]. Fu ve ark. [66] yapmis
oldugu ¢alismada, 3-boyutlu gbzenekli yapiya sahip TPU/grafen nanotabakalar melamin kopiik kompozitleri, 45.2
S/m'lik yiiksek bir elektrik iletkenligi ve X-bandinda 35,6 dB'lik etkili EMI SE sergilemektedir. Jiang ve ark. [65]
3-boyutlu aga sahip TPU/grafen aerojel kompozitleri dncelikle vakum emprenye yoluyla sablon kullanarak elde
ettikten sonra kritik karbondioksit kullanarak hiicresel yapida elde etmislerdir. TPU/grafen aerojel kompozit
kopiiklerde birbirine bagli grafen aglari kompozitlerin elektriksel iletkenligini agirlikga %2 grafen aerojel
iceriginde 50 S/m'ye ve EMI kalkanlama degeri 34,3 dB degerine ulagmasin saglamistir. Bansala ve ark. [67]
solvent dokiim yontemi kullanarak kimyasal indirgenme ve termal indirgenme ile hazirlanmis iki farkli grafen
ilaveli TPU kompozitleri hazirlamiglardir. Termal indirgenmis grafen (TRG) bazli TPU nanokompozitlerin
agirlikca %10 grafen yiiklemesi kompozitlerin elektrik iletkenligini 6nemli 6lglide artirmis ve sonug olarak 12-18
GHz frekans araliginda agirlikca %10 grafen yiiklemesiyle 29.8 dB EMI SE elde etmislerdir. TRG katkili TPU
nanokompozitlerin kimyasal indirgenmis grafen (CRG) katkili nanokompozitlerden daha iyi EMI SE gosterdigini
ortaya koymuslardir. Etkili bir EMI koruyucu malzeme TPU/TRG ve TPU/CRG nanokompozitleri igin sirasiyla
agirlikca %10 ve %20 grafen ilavesi ile elde edilmistir. CRG katkili kompozitlerde EMI performansinin
diismesinin nedeni homojen olmayan dagilim ve TPU nanokompozitlerinde daha yiiksek yiiklemelerde CRG
tabakalarinin yeniden istiflenmesinden kaynaklandigi rapor edilmistir.

Polimer kompozitlerin ¢ok katmanli/sandvi¢ yapili tasarimi ile iletken dolgu maddelerinin dagilimini kontrol
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edebilir. Bu yapilardaki arayiizler, ¢coklu yansimaya neden olan polarizasyon kaybi ve absorpsiyon kaybina olanak
taniyan ¢oklu arayiizlere ve ayrica EM dalgalari i¢in iletken yol olusturmaya yardimeci olurlar [68, 69]. Boylelikle
diisiik perkolasyonda bile olsa y1gin yapidaki polimer kompozitlere gore yiilksek EMI kalkanlama performasina
sahip olabilirler. Song ve ark. [70] yiizey katmanlarinda segici olarak dagitilan iletken dolgu maddesi olarak
nanotlip (MWCNT) ara katmanda ise kritik karbondioksit yontemi ile hazirlanan TPU kopiik igceren sandvig
TPU/MWCNT kompozitlerin EMI koruma performansim1 calismislardir. Elektromanyetik ekranlama
performansinin, numune kalinli§i diizenlemesi veya yiizey katmanlarindaki dolgu igerigi ile ayarlanabilir
oldugunu gostermislerdir. MWCNT igerigi agirlikga %5 oldugunda, TPU kompozitlerde maksimum SE ve
absorbsiyon degerleri sirasiyla 53.3 dB ve 0.66'ya ulagsmistir. Tablo 1’de ayrik, 3-boyutlu ve yigin yapida TPU
esashi farkli karbon dolgu malzemeleri igeren polimer kompozitlerin EMI SE degerlerinin karsilastirilmasi
yapilmistir.

Tablo 1. Ayrilmis ve yigin yapida TPU esaslh farkli karbon dolgu malzemeleri igeren polimer kompozitlerin
dolgu miktarlari, dagilimi, polimerin kalinlik degerleri ve EMI verimliliklerinin karsilastirilmasi

Dolgu icerigi EMISE  Kalnhk  Frekans

Malzeme Yapisal form (a8.%) (dB) (mm) (GH2) Ref.
TPU/CNT Y1g1n yap1 10 42.5 1.2 2-18 71
TPU /MWCNT Y1g1n yap1 22 20 0.1 8-12 72
TPU/CNT Ayrilmis Yapi 7 41.2 2.0 8.2-12.4 54
TPU/CNT Rastgele Dagilim 20 17 2.0 8.2-12.4 73
TPU/CNT Ayrilmis Yapi 10 41.6 25 8.2-12.4 74
TPU/TRGO™ Yi181n yap1 5 (hac.) 15 1 8.2-12.4 64
TPU/GA" Kopiik 2 34.3 - 8.2-12.4 65

*GA: grafen aerojel **TRGO: termal indirgenmis grafen
6. Sonuclar

Karbon fiber, karbon nanotiip (CNT), grafen gibi karbon tiirevi gesitli iletken dolgu maddeleri iceren iletken
polimer kompozitler (CPC'ler) tasarimda esneklik, diisiik maliyet, ayarlanabilir iletkenlik ve korozyon direnci gibi
muazzam avantajlar1 nedeniyle metal esasli koruyucu malzemelerin yerine kullanilabilecek umut verici alternatif
EMI koruyucu malzemeler oldugu goriilmektedir. Kompozit malzemenin elektriksel iletkenligi, manyetik
gecirgenligi, malzemenin kalinligi, dolgu malzemelerinin en-boy orani, matris i¢inde dagilimi, miktari, tiretim
yontemleri ve zayif arayliz adezyonu termoplastik poliiiretan kompozitlerde EMI SE performansini etkileyen en
onemli parametrelerdir. Mevcut CPC'lerin ekranlama performanslarinin geleneksel metalik EMI kalkanlama
verimliliklerine ulagabilmesi i¢in CPC'lerin {iretiminde homojen yapilar, ayrik yapi, gdzenekli yap1 ve katmanl
yap1 gibi farkli yapisal tasarim stratejileri gelistirilmistir. Son zamanlardaki gelismeler ile birlikte karbon esash
termoplastik kompozitlerin havacilik, askeri gibi birgok sektorler i¢in potansiyel EMI kalkanlama malzemesi
olarak kullanilabilirligini gostermektedir.
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