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abstract This study examines the hydrogen effect on the mechanical properties of
aluminum alloys and body centered cubic iron under different loading conditions and
strain rates. First, the hydrogen susceptibility of Al 7075 was evaluated under quasi-
static and medium strain rates using tensile tests. According to the results, at greater
strain rates, hydrogen embrittlement is more dominant compared to quasi-static strain
rates. The hydrogen embrittlement mechanism is shifting from hydrogen-enhanced
localized plasticity (HELP) at slower rates to a coexistence of HELP and hydrogen-
enhanced decohesion (HEDE) at medium rates. In a parallel investigation, the hydrogen
susceptibility of Al 5083 was evaluated under ballistic tests through experimental and
numerical methods. According to the results, the dominance of HEDE is increasing on
HELP at greater deformation rates. Finite element methods were utilized and combined
with the Johnson-Cook model, and this process confirmed the experimental outcome
also this step offered a predictive model for hydrogen-charged conditions in ballistic
applications. Lastly, using molecular dynamics simulations, edge dislocation mobility in
body centered iron was evaluated in a wide range of temperature, hydrogen
concentration and stress levels to investigate the hydrogen susceptibility. Resulting from
the study, phenomenological mobility laws were offered. Collectively, these studies
advance the understanding of the hydrogen effect on metals under varying mechanical
conditions, providing crucial insights for engineering applications where hydrogen
exposure is a factor.

keywords Hydrogen Embrittlement, Aluminum Alloys, Iron, Mechanical Testing,
Molecular Dynamics.

0zet Bu calismada, hidrojenin farkli mekanik yiikleme kosullar1 ve gerinim hizlar
altinda aliminyum alagimlari ve hacim merkezli kiibik (HMK) demir tizerindeki etkisini
incelemektedir. Ilk olarak, Al 7075'in hidrojen duyarlihgi, yavas ve orta gerinim
hizlarinda yapilan ¢ekme testleri ile degerlendirilmistir. Sonuglara gore, daha yiiksek
gerinim hizlarinda hidrojen gevrekligi, yavas gerinim hizlarima gore daha baskindir.
Hidrojen gevrekligi mekanizmasi, diisiik hizlarda hidrojenle desteklenen lokalize
plastisite (HELP) iken, orta hizlarda HELP ve hidrojenle desteklenen ayrismanin
(HEDE) bir arada bulunmas: yoniinde degisiklik gostermektedir. Ikinci ¢aligmada, Al
5083'tin hidrojen duyarliligi, balistik testler altinda deneysel ve sayisal yontemler
kullanilarak incelenmistir. Sonuglara gore, artan deformasyon hizlarinda HEDE'nin
HELP iizerindeki baskinligi artmaktadir. Sonlu elemanlar yontemi, Johnson-Cook
modeli ile birlestirilerek deneysel sonuglari dogrulamis ve balistik uygulamalarda
hidrojenle yiiklenmis kosullar i¢in 6ngoriicli bir model sunmustur. Son olarak, molekiiler
dinamik simiilasyonlar1 kullanilarak, hacim merkezli demirdeki kenar dislokasyon
hareketliligi, genis bir sicaklik, hidrojen konsantrasyonu ve gerilme seviyesi araliginda
degerlendirilmis ve hidrojen duyarliligi aragtirilmistir. Calismadan elde edilen bulgular
sonucunda fenomenolojik hareketlilik yasalari onerilmistir. Bu ¢alismalar, hidrojenin
metaller tizerindeki etkisini degisen mekanik kosullar altinda anlamaya katkida
bulunarak, hidrojen maruziyetinin s6z konusu oldugu miihendislik uygulamalar igin
onemli ¢iktilar sunmaktadir.

anahtar kelime Hidrojen Gevrekligi, Aluminyum Alasimlari, Demir, Mekanik
Testler, Molekiiler Dinamik.



