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AI-ASSISTED OPTIMIZATION OF SHOT
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THE EFFECTS OF SECONDARY PROCESSES
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RESISTANCE AND MECHANICAL
PERFORMANCE OF SLM MANUFACTURED
ALSI1OMG ALLOY

abstract This thesis investigates the optimization of shot peening processes and the
mitigation of hydrogen embrittlement in Al1Si10Mg alloys produced via Selective Laser
Melting (SLM). Chapter one reviews process optimization techniques (e.g., Taguchi,
Box-Behnken), additive manufacturing (AM) challenges like residual stress and
porosity, and introduces hydrogen embrittlement mechanisms and testing methods.
Chapters two and three focus on optimizing shot peening intensity using Al-based
approaches validated by Almen tests and analyze real-world aviation failures, such as
Bell 412EP and Piper PA-32R, to highlight hydrogen embrittlement’s impact on
component degradation. Chapters four and five explore the effects of strain rates and
post-processing treatments, including shot peening and heat treatment, on mechanical
performance, demonstrating significant improvements in fatigue resistance. Advanced
strategies for mitigating hydrogen embrittlement are also proposed. The thesis concludes
by emphasizing the societal benefits of enhanced material reliability and sustainability,
suggesting future research into Al-assisted methods and real-time monitoring systems in
manufacturing.
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0zet Bu tez, Segici Lazer Ergitme (SLM) yontemiyle iiretilen AlSi10Mg alagimlarinda
bilyali dovme islemlerinin optimizasyonunu ve hidrojen gevrekliginin azaltilmasini
arastirmaktadir. Birinci boliimde, siire¢ optimizasyon yontemleri (6r. Taguchi, Box-
Behnken), metal katki tiretimdeki (AM) sorunlar (artik gerilme, gdzeneklilik) ve
hidrojen gevrekliginin mekanizmalar ile test yontemleri ele alinmustir. Ikinci ve iigiincii
boliimler, Almen testleriyle dogrulanan yapay zeka tabanli yaklagimlarla bilyali dovme
yogunlugunun optimizasyonunu ve Bell 412EP ile Piper PA-32R gibi ger¢ek havacilik
arizalarini inceleyerek hidrojen gevrekliginin bilesenlerdeki etkilerini analiz etmektedir.
Dordiincii ve besinci bolimler, SLM ile iretilen AlSi10Mg alagimlarinin mekanik
performansina, gerinim hizi ve islem sonrasi uygulamalarin (bilyali dovme, 1s1l islem)
etkilerini degerlendirmis ve yorulma direncinde dnemli iyilesmeler gostermistir. Ayrica
hidrojen gevrekligini 6nlemek icin ileri diizey stratejiler onerilmistir. Tez, artirilmis
malzeme giivenilirligi ve siirdiiriilebilirligin toplumsal faydalarmi vurgulamakta ve
yapay zeka destekli yontemler ile iiretimde ger¢ek zamanli izleme sistemleri iizerine
gelecekteki arastirmalar: dnermektedir.
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