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9ŘƛǘǀǊǸƴ bƻǘǳκ Editor's Note 
 

 

ISBN: 978-625-6945-58-6 

18-19 Mart  2023 Ⱥ"ȉĜĊŴ±ȉĜƖ|± |ɢˈ±ƖŴ±Ɩ±Ɩ INSAC 

ɓŴɔȡŴ"ȉ"ȉ"ȡŀ {ƶþ" ʘ± ƋɢĊ±Ɩ|ĜȡŴĜŦ aĜŴĜƌŴ±ȉĜ !ȉ"ȳȺŀȉƌ"Ŵ"ȉŀ 

(INSAC-IRNES'23) Kongremiz ʲƶþɔƖ bĜȉ Ŧ"ȺŀŴŀƌ ĜŴ± 

ô±ȉv±ŦŴ±ȳȺĜȉĜŴƌĜȳȺĜȉ˱  

ťƶƖôȉ±ƌĜˈ|± bĜŴĜƌ |ɢƖʲ"ȡŀƖŀƖ ǈƖ±ƌŴĜ ĜȡĜƌŴ±ȉĜ 

"Ŧ"|±ƌĜŦ v"Ŵŀȳƌ"Ŵ"ȉŀƖŀ ȡɔƖƌɔȳ ʘ± Ⱥ"ȉȺŀȳƌ" ƶȉȺ"ƌŀ bɔŴƌɔȳŴ"ȉ|ŀȉ˱ ťƶƖôȉ±ƌĜˈ± bĜˈˈ"Ⱥ 

Ŧ"ȺŀŴ"ȉ"Ŧ bĜˈŴ±ȉĜ ƶƖɔrŴ"Ɩ|ŀȉ"Ɩ ʲ"b"Ɩlŀ |"ʘ±ȺŴĜ ŦƶƖɔȳƌ"lŀŴ"ȉŀƌŀˈ" ǈˈ±ŴŴĜŦŴ± Ⱥ±ȳ±ŦŦɢȉ 

ederim. 

ťƶƖô±ȉĜƌĜˈ± Ŧ"ȺŀŴ"Ɩ ʘ± ĜŴôĜ ôǈȡȺ±ȉ±Ɩ Ⱥɢƌ "Ŧ"|±ƌĜȡʲ±ƖŴ±ȉĜƌĜˈ± Ⱥ±ȳ±ŦŦɢȉ ±|±ȉˮ ô±Ŵ±l±Ŧ 

ŦƶƖôȉ±Ŵ±ȉĜƌĜˈ± |± Ŧ"ȺŀŴŀƌŴ"ȉŀƖ|"Ɩ ƶƖɔȉ |ɔʲ"ȉŀˈ˱  

INSAC International Researches Congress on Natural and Engineering Sciences 

(INSAC-IRNES'23) held on March 18-19, 2023 with a great participation.  

Important names of the scientific world presented their academic studies and found a 

discussion ambience. Especially, I would like to thank foreign invited speakers who 

joined us in insac congress.  

We would like to thank all of academics who have participated in insac congress. 

 

 

{ƶv˱ {ȉ˱ Ƌ±Ċƌ±Ⱥ {"ŴŦŀŴŀv 
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5ŀǾŜǘƭƛ YƻƴǳǒƳŀŎƤƭŀǊ κ Invited Speakers 

 
Prof. Noureddine Djebli, Cezayir 

Prof. Dr. Mohammadbagher Rezaee, QĖÀĀ 
Laura Agolli, Arnavutluk 

Dr. Akram Rashid, Pakistan 
Assoc  Prof. Dr. Kamala Ismayilova, Azerbaycan 

Dr. QĚÀÿ Albabyaty, Irak 
Amina Mehri, Tunus 

Assoc. Prof. Dr. Alsou Kamalieva, Rusya 
Dr. Jamilu Ibrahim Mukhtar, Nijerya 
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Dr. Sahman Bayramov, Azerbaycan 
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Bilim Kurulu /Science Committe 
Å Prof. Dr. Angelo Sifaleras, University of Macedonia 
Å Prof. Dr. !ȅƴǳǊ YŜǎƪƛƴ YŀȅƳŀƪœƤΣ {Ŝƭœǳƪ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ !ƭƛ .ƛƭƎƛƭƛΣ !ƴƪŀǊŀ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ .ƛǊƻƭ «ƴŜǊΣ YŀǊŀƳŀƴƻƐƭǳ aŜƘƳŜǘōŜȅ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ CŜǾȊƛ YƤƭƤœŜƭΣ YŀǊŀƳŀƴƻƐƭǳ aŜƘƳŜǘōŜȅ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ DǸǊƻƭ ¸ƤƭŘƤǊƤƳΣ !ƪǎŀǊŀȅ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å Prof. Dr. Loanna Chinou, National and Kapodistrian University of Athens 
Å tǊƻŦΦ 5ǊΦ bŀȊƤƳ  ŜƪŜǊƻƐƭǳΣ Yƛƭƛǎ т !ǊŀƭƤƪ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ hƭŎƻōŀȅ YŀǊŀǘŀȅŜǾΣ aŀƴŀǎ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ wƤŦŀǘ DǸƴŜǒΣ TƴǀƴǸ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ wǳŦŀǘ [ŀǘƛŦ ƻƐƭǳ IǳǎŜȅƴȊŀŘŜΣ !ȊŜǊōŀȅŎŀƴ mƐǊŜǘƳŜƴƭŜǊ 9ƴǎǘƛǘǸǎǸ 
Å tǊƻŦΦ 5ǊΦ {ŀŀŘŜǘǘƛƴ ¸ƤƭŘƤǊƤƳΣ !Řƴŀƴ aŜƴŘŜǊŜǎ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å Prof. Dr. Selim Yilmaz, Marmara Universitesi 
Å tǊƻŦΦ 5ǊΦ !Φ !ƘƳŜǘ 5ƻƐŀƴΣ YƤǊƤƪƪŀƭŜ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ !Φ !ȊƳƛ ¸ŜǘƛƳΣ DŀȊƛ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ !ƭƛ .ƛƭƎƛƭƛΣ !ƴƪŀǊŀ «ƴƛǾersitesi 
Å tǊƻŦΦ 5ǊΦ !Ǌǎƭŀƴ YŀƭƪŀǾŀƴΣ wŜŎŜǇ ¢ŀȅȅƛǇ 9ǊŘƻƐŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ !ǘƛƭƭŀ tǳƭǳǊΣ DŀȊƛ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ .ƛƭƎŜ 5ƻƴǳƪΣ Tǎǘŀƴōǳƭ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ /ŜƴƎƛȊ !ǊǎƭŀƴΣ CƤǊŀǘ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ CŀǊǳƪ ¸ŀƳŀƴŜǊΣ Iƛǘƛǘ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å Prof. Dr. CŜƘƳƛ ¢ǳƴŎŜƭΣ !ƴƪŀǊŀ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ DǸƭŦŜƳ 9ǊǎǀȊΣ !ƴƪŀǊŀ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ DǸƴŜǊ 9ƪŜƴŎƛΣ Tǎǘŀƴōǳƭ DŜƭƛǒƛƳ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ IŀȅǊƛ 9ǊǘŀƴΣ !ƴŀŘƻƭǳ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ aΦ ¸ŀƭœƤƴ ¢ŀǒƳŜƪǘŜǇƭƛƎƛƭΦ hƴŘƻƪǳȊ aŀȅƤǎ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å Prof. Dr. Mehmet DǸƴŀȅΣ DŀȊƛ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ aŜǘƛƴ YŀȅŀΣ DŀȊƛ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å Prof. Dr. Muhsin Hazar, DŀȊƛ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ aǸǊǎŜƭ .ƛœŜǊΣ DŀȊƛŀƴǘŜǇ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ bŜǾȊŀǘ aƛǊȊŜƻƐƭǳΣ {ŀƪŀǊȅŀ ¦ȅƎǳƭŀƳŀƭƤ .ƛƭƛƳƭŜǊ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ bǳǊǘŜƪƛƴ 9ǊƪƳŜƴΣ {Ŝƭœǳƪ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ hǎƳŀƴ TƳŀƳƻƐƭǳ, hƴŘƻƪǳȊ aŀȅƤǎ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ {Φ wŀƴŀ ±ŀǊƻƭΣ 9ƎŜ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ {Ŝƭœǳƪ 4ŀƭƤǒƤǊΣ {Ŝƭœǳƪ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ {ŜƳƛȅƘŀ ¢ǳƴŎŜƭΣ !ƴƪŀǊŀ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ {ŜǘǘŀǊ YƻœŀƪΣ hǊǘŀ 5ƻƐǳ ¢Ŝƪƴƛƪ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å PǊƻŦΦ 5ǊΦ ±ŜŘŀǘ 4ƤƴŀǊΣ CƤǊŀǘ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ ½ōƛƎƴƛŜǿ tŀǘŜǊΣ ¦ƴƛǿŜǊǎȅǘŜǘ ½ƛŜƭƻƴƻƎƽǊǎƪƛ 
Å Prof. Dr. Ziaaddin Zamanzadeh, Khazar University 
Å tǊƻŦΦ 5ǊΦ !Ǌǎƭŀƴ YŀƭƪŀǾŀƴΣ wŜŎŜǇ ¢ŀȅȅƛǇ 9ǊŘƻƐŀƴ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ !ǎǳƳŀƴ {ŜŘŀ {ŀǊŀŎŀƭƻƎƭǳΣ !Řƴŀƴ aŜƴŘŜǊŜǎ «ƴƛversitesi 
Å tǊƻŦΦ 5ǊΦ !ǘƛƭƭŀ tǳƭǳǊΣ DŀȊƛ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ .ŀǒŀƪ IŀƴŜŘŀƴΣ !ǘŀǘǸǊƪ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ .ƛƭŀƭ ¦œŀǊΣ ¦ƭǳǎƭŀǊŀǊŀǎƤ ¢ǊŀǾƴƛƪ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å Prof. Dr. Eleni Sella, National and Kapodistrian University of Athens 
Å tǊƻŦΦ 5ǊΦ !Řƴŀƴ 4ŜƭƛƪΣ {Ŝƭœǳƪ «ƴiversitesi 
Å Prof. Dr. Ercan Oktay, YŀǊŀƳŀƴƻƐƭǳ aŜƘƳŜǘōŜȅ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ IΦ aǳǎǘŀŦŀ tŀƪǎƻȅΣ DŀȊƛŀƴǘŜǇ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å Prof. Dr. Lynn Rose, American University of Iraq 
Å tǊƻŦΦ 5ǊΦ hǊƘŀƴ 4ƻōŀƴΣ {Ŝƭœǳƪ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ {ŀŘŜǘǘƛƴ tŀƪǎƻȅΣ Yƛƭƛǎ т !ǊŀƭƤƪ «ƴƛǾŜǊǎƛǘŜǎƛ 
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Å tǊƻŦΦ 5ǊΦ {ŜǊǇƛƭ !ƐŎŀƪŀȅŀΣ {ǸƭŜȅƳŀƴ 5ŜƳƛǊŜƭ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ {ǳŀǘ DŜȊƎƛƴΣ Tǎǘŀƴōǳƭ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å tǊƻŦΦ 5ǊΦ hƐǳȊ mȊœŜƭƛƪΣ YŀǎǘŀƳƻƴǳ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å !ǎǎƻŎΦ tǊƻŦΦ 5ǊΦ IŀǘƛǊŀ ¸ǳǎƛŦƻǾŀΣ YƘŀȊŀǊ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å !ǎǎƻŎΦ tǊƻŦΦ 5ǊΦ bǳǊŎŀƴ YƤƭƤœ .ŀȅƎǳǘŀƭǇΣ !ǘŀǘǸǊƪ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å !ǎǎƻŎΦ tǊƻŦΦ 5ǊΦ aŜƘƳŜǘ aǳǎǘŀŦŀ ¸ƻǊǳƭƳŀȊƭŀǊΣ aŀǊƳŀǊŀ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å !ǎǎƻŎΦ tǊƻŦΦ 5ǊΦ .ǳƪŜǘ YǳƴŘǳƘƻƐƭǳΣ 9ǎƪƛǒŜƘƛǊ hǎƳŀƴƎŀȊƛ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å !ǎǎƻŎΦ tǊƻŦΦ 5ǊΦ aŜƘƳŜǘ ¦ƭǳƪŀƴΣ !Řƴŀƴ aŜƴŘŜǊŜǎ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å !ǎǎƻŎΦ tǊƻŦΦ 5ǊΦ !ƘƳŜǘ ¢ƻǇŀƭΣ !ǘŀǘǸǊƪ «ƴiversitesi 
Å !ǎǎƻŎΦ tǊƻŦΦ 5ǊΦ CŀǘƛƘ ¸ƤƭŘƤǊƤƳΣ !ǘŀǘǸǊƪ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å !ǎǎƻŎΦ tǊƻŦΦ 5ǊΦ aǸōŀǊƛȊ !ƐŀƭŀǊƭƤΣ !ȊŜǊōŀȅŎŀƴ 5ŜǾƭŜǘ tŜŘŀƎƻƧƛ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å !ǎǎƻŎΦ tǊƻŦΦ 5ǊΦ bŀƳƛǉ aǳǎŀƭƤΣ YƘŀȊŀǊ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å Assoc. Prof. Dr. Reza Sirjani, Eastern Mediterranean University 
Å AǎǎƻŎΦ tǊƻŦΦ 5ǊΦ {ŜƭŀƘŀǘǘƛƴ !ǾǒŀǊƻƐƭǳΣ bΦ 9Ǌōŀƪŀƴ «ƴƛǾΦYƤǊƎƤȊƛǎǘŀƴ-¢ǸǊƪƛȅŜ aŀƴŀǎ «ƴƛǾΦ 
Å !ǎǎƻŎΦ tǊƻŦΦ 5ǊΦ ¸ŀƎǳǘ !ƭƛȅŜǾŀΣ .ŀƪǸ 5ŜǾƭŜǘ ¦ƴƛǾŜǊǎƛǘŜǎƛ 
Å !ǎǎƻŎΦ tǊƻŦΦ 5ǊΦ ¸ŀǇǊŀƪ LΦ mȊŘŜƳƛǊΣ YŀǊŀŘŜƴƛȊ ¢Ŝƪƴƛƪ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å !ǎǎƻŎΦ tǊƻŦΦ 5ǊΦ ¸ŜƴŜǊ mȊŜƴΣ 9ǊȊƛƴŎŀƴ .ƛƴŀƭƛ ¸ƤƭŘƤǊƤƳ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å Assoc. Prof. Dr. Zivar Huseynli, Khazar University 
Å !ǎǎƻŎΦ tǊƻŦΦ 5ǊΦ ¢ŀȅŦǳƴ 5ŜŘŜΣ YŀǊŀŘŜƴƛȊ ¢Ŝƪƴƛƪ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å Assoc. Prof. Dr. Alexander Chefranov, Eastern Mediterranean University 
Å !ǎǎƻŎΦ tǊƻŦΦ 5ǊΦ 5ǸƴŘŀǊ ¸ŜƴŜǊΣ .ƻƭǳ !ōŀƴǘ TȊȊŜǘ .ŀȅǎŀƭ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å Assoc. Prof. Dr. Edin Jahic, International University of Sarajevo 
Å !ǎǎƻŎΦ tǊƻŦΦ 5ǊΦ Cŀƛǉ 9ƭŜƪōŜǊΣ !ȊŜǊōŀȅŎŀƴ aƛƭƭƛ 9ƭƳƭŀǊ !ƪŀŘŜƳƛȅŀǎƤ 
Å !ǎǎƻŎΦ tǊƻŦΦ 5ǊΦ IŀƭƛƳ !ǾŎƤΣ Yƛƭƛǎ т !ǊŀƭƤƪ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å Assoc. Prof. Dr. Hatira Yusifova, Khazar «ƴƛǾŜǊǎƛǘŜǎƛ 
Å !ǎǎƻŎΦ tǊƻŦΦ 5ǊΦ YŜƳŀƭ 5ŜƭƛƘŀŎƤƻƐƭǳΣ Yƛƭƛǎ т !ǊŀƭƤƪ «ƴƛǾŜǊǎƛǘŜǎƛ 
Å !ǎǎƻŎΦ tǊƻŦΦ 5ǊΦ aŜƘƳŜǘ aǳǎǘŀŦŀ ¸ƻǊǳƭƳŀȊƭŀǊΦ aŀǊƳŀǊŀ «ƴƛǾŜǊǎƛǘŜǎƛ 
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Abstract: Bird strike is a common engineering problem in aviation industry. It 

creates a damage on aircraft wing and causes the reduction in material strength. A 

series of numerical simulations were conducted to understand the effect of impact 

angle on contact force and absorbed energy. Ls-Prepost v4.8 and Ls-Dyna were 

used as pre/post processor and solver software. An airfoil profile was modeled by 

using shell elements and bird geometry was created by smooth particle 

hydrodynamics (SPH) elements. 7k shell and 19k SPH elements were used in 

modelling of airfoil and bird, respectively. Hemi-spherical-ended-cylinder 

geometry was used for bird while 0Á, 15Á, 30Á, 45Á and 60Á were adjusted as hitting 

direction. MAT_009 null and MAT_024 ópiecewise linear plasticityô material 

models were used for bird geometry and airfoil profile, respectively. Mass of the 

bird was entered as 1.82 kg and its initial kinetic energy was 1520 J. Force-time 

and energy-time graphs were plotted to the hitting angle. There was a linear 

relationship between absorbed energy and hitting angle. 750 J kinetic energy was 

absorbed by airfoil at 0Á hitting direction while 170 J kinetic energy was absorbed 

at 60Á hitting direction. This behavior can be explained by contact time between 

bird and airfoil at 60Á is smaller than the contact time at 0Á. The other result can 

be compared with each other is the contact force. Maximum contact force values 

were 13542, 12773, 11120, 8870 N for 0Á, 15Á, 30Á, 45Á, respectively. In sum, a 

similar trend like in the kinetic energy was observed. 
 

Keywords: Bird strike simulation, Airfoil, Smooth particle hydrodynamics, Ls-dyna 
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ABSTRACT: Interior and exterior lighting systems used in automobiles have an 

important role in the visual differentiation of automotive manufacturers from other 

brands. The network infrastructure of these lighting systems is provided by 

communication protocols such as CAN, CAN-FD, LIN. However, emerging LED-

based animated-dynamic lighting applications will increase the complexity of the 

vehicleôs system and increase the pressure on the in-car network infrastructure.  A 

large number of LEDs will be used for such applications, these LEDs will turn on 

and off very quickly and will change color in milliseconds. The cost of CAN, CAN-

FD communication protocols is high on the other hand the LIN communication 

protocol is insufficient to manage this weight on the system. In this study, the points 

of difference and similarity of MeLiBu communication protocol, which was 

developed to realize such applications, compared to CAN, CAN-FD and LIN 

communication protocols will be explained, information will be given about its basic 

features, benefits and content. 

 

Keywords: MeLiBu, communication protocol, dynamic lighting, automotive 

industry, LED. 

 

  

 

 

1. COMMUNICATION PROTOCOLS for AUTOMOTIVE INDUSTRY  

LED-based lighting solutions are increasing their share in our lives day by day, and at the 

same time, this technology has many benefits for the automotive industry. It has more 

advantages compared to the incandescent bulbs used before. To give a brief example of these 

advantages: The power value consumed by interior and exterior lighting systems is much less 

compared to incandescent bulbs (power value of 1 LED bulb approximately equals power value 

of 4 halogen bulbs), their developability and reliability and life cycles are higher (The average 

life cycles of LED in 15 years while the average life cycles of halogen bulbs 2 years). In 

addition, it allows the development of internal or external aesthetics, thanks to the fact that it 

allows different applications easily. This difference is very important for automotive 

manufacturers, allowing the automotive to become more visually appealing to buyers.  

LED lighting technology, which was previously used in high-class premium segment 

vehicles, has become widespread even in economic models in recent years due to the benefits it 

provides. Nowadays, applying more complex dynamic arrangements ï animations to lighting is 

something that many vehicle brands want. In today's vehicles, multi-colored ambient lighting, 

cabin lighting can change the tone and intensity according to personal tastes. However, taking 

this further and making animation-dynamic edits will result in increased system complexity, 

which in turn will increase the pressure on the in-vehicle network infrastructure. There will be a 

huge number of LEDs, these LEDs will turn on-off very quickly and will change color very 

often. Unfortunately, the LIN communication protocol currently used by many cars will be 

insufficient to achieve this. 
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The CAN-FD protocol offers superior performance parameters over traditional CAN. It can 

provide enough bandwidth needed for animated lighting. But its cost is expensive due to its 

requirements. This is a big problem for vehicle manufacturers because they don't want to use 

animated lighting only in luxury models, they want to use this innovation in their entire product 

portfolio. MeLiBu is a new-generation communication protocol developed to deal with these 

problems. 

 

2. COMMUNICATION PROTOCOLS TYPES  

2.1. LIN Communication Protocol 

The LIN (Local Interconnect Network) communication protocol is commonly used in the 

automotive industry for in-vehicle networking, particularly for low-end electronic control units 

(ECUs) such as lighting systems. The LIN protocol is designed for simple, low-bandwidth 

communication. In automotive lighting technology, the LIN protocol is used to connect lighting 

systems, such as headlights, taillights, and turn signals, to the vehicle's main control module. 

This allows for the centralized control of the lighting systems and enables basic features such as 

turning lights on and off, dimming, and blinker signals. 

One of the main advantages of using the LIN protocol for automotive lighting technology is 

its low cost, as it uses less complex hardware and software than other protocols. This makes it 

ideal for use in cost-sensitive applications, such as in-vehicle networks for budget cars and low-

end electronic control units. Additionally, LIN is well suited for simple and less critical 

applications such as lighting, windows, and door locks controls. 

The LIN protocol also supports a simple, master-slave communication model, where one 

device acts as a master and controls the communication on the bus, while the other devices act 

as slaves. This allows for easy implementation and maintenance of the network. 

 

 

Fig.1. Message Frame of the LIN Communication Protocol 

 

The technical specifications for using the LIN (Local Interconnect Network) protocol in 

automotive lighting technology can vary depending on the specific application and the 

requirements of the vehicle manufacturer. However, some common technical specifications 

include: 

Data rate: The typical data rate for the LIN protocol in automotive lighting technology is 

around 20 kbps. This allows for low-bandwidth communication and simple control of lighting 

systems. 
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Network topology: The LIN protocol uses a single-wire bus topology, where multiple 

devices are connected to a single bus or network. This allows for the efficient transfer of data 

between devices, as all devices on the bus can access and transmit data. 

Message format: The LIN protocol uses a message format that includes a header, a data field, 

and a checksum field. This allows for the efficient transfer of data and the detection of errors in 

the data. 

Error detection and correction: The LIN protocol includes error detection mechanisms, such 

as checksum, to ensure that data is transmitted accurately and reliably. 

Voltage levels: The voltage levels for the LIN protocol in automotive lighting technology 

typically ranges from 8V to 12V. 

Diagnostics: The LIN protocol supports basic diagnostic features such as error frames, which 

are used to identify and diagnose issues with the lighting systems.  

 

 

Fig.2. LIN physical layer 

 

2.2 CAN Communication Protocol 

CAN is a communication protocol that is commonly used in the automotive industry to 

control and manage various electronic systems in a vehicle, including lighting technology. In 

automotive lighting technology, the CAN protocol is used to connect various lighting systems, 

such as headlights, taillights, and turn signals, to the vehicle's main control module. This allows 

for the centralized control of the lighting systems and enables advanced features such as 

automatic headlight dimming, adaptive front lighting, and dynamic turn signals. 

One of the main advantages of using the CAN protocol for automotive lighting technology is 

its ability to handle real-time communication. This allows for the quick and efficient control of 

lighting systems, which is critical for safety-related features such as automatic braking and lane 

departure warning.The CAN protocol also allows for the integration of multiple lighting 

systems into a single network, which can help to reduce the number of wires and connections 

required in a vehicle. This can improve the overall efficiency and reliability of the lighting 

systems, as well as reducing the complexity of the wiring harness. In addition, the CAN 

protocol enables the use of advanced diagnostic and troubleshooting tools, which can help to 

identify and diagnose any issues with the lighting systems. 
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Fig.3. The frame of CAN communication protocol 

 

The technical specifications for using the CAN protocol in automotive lighting technology 

can vary depending on the specific application and the requirements of the vehicle 

manufacturer. However, some common technical specifications include: 

Data rate: The typical data rate for the CAN protocol in automotive lighting technology is 

around 500 kbps. This allows for the quick and efficient transfer of data between the lighting 

systems and the main control module. 

Network topology: The CAN protocol is typically used in a bus topology, where multiple 

devices are connected to a single network. This allows for the efficient transfer of data between 

devices, as all devices on the bus can access and transmit data. 

Message format: The CAN protocol uses a message format that includes an identifier, a data 

field, and a CRC field. This allows for the efficient transfer of data and the detection of errors in 

the data. 

Error detection and correction: The CAN protocol includes error detection and correction 

mechanisms, such as bit stuffing and CRC, to ensure that data is transmitted accurately and 

reliably. 

Voltage levels: The voltage levels for the CAN protocol in automotive lighting technology 

typically range from 2V to 5V. 

Connector and cable: The connector and cable used for the CAN protocol in automotive 

lighting technology are typically designed to withstand the harsh conditions found in vehicles, 

such as vibration and temperature extremes. 

Diagnostics: The CAN protocol supports various diagnostic features such as error frames, 

which are used to identify and diagnose issues with the lighting systems. 

In summary, the CAN communication protocol is widely used in the automotive industry to 

control and manage lighting technology. Its ability to handle real-time communication, integrate 

multiple lighting systems into a single network, and support advanced diagnostic and 

troubleshooting tools make it a valuable tool for improving the efficiency, reliability, and safety 

of automotive lighting systems. 
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Fig.4. An example of CAN nodes 

 

2.3. CAN-FD Communication Protocol 

The CAN-FD protocol can be used for communication in the lighting systems of a car. In a 

vehicle, the lighting system is made up of various components such as headlamps, tail lamps, 

turn signals, and interior lighting. CAN-FD allows for efficient communication between the this 

lighting components and the ECU. For example, when the driver turns on the headlights, the 

headlight switch sends a message over the CAN-FD network to the ECU, which then activates 

the headlights. Similarly, when the driver uses the turn signal, the turn signal switch sends a 

message to the ECU, which then activates the appropriate turn signal lights. 

The technical specifications of the CAN-FD protocol include: 

Data payload: The maximum data payload that can be transmitted in a single message is 64 

bytes, which is an increase from the 8 bytes in the original CAN protocol. 

Data rate: The maximum date rate is 8 Mbps, which is an increase from the 1 Mbps in the 

original CAN protocol. 

Message format: The message format of the CAN-FD protocol includes a 11-bit or 29-bit 

identifier, a data field, and a cyclic redundancy check (CRC) field. The identifier is used to 

identify the message, the data field is used to carry the data payload, and the CRC field is used 

to ensure data integrity. 

Error detection and correction: The CAN-FD protocol includes error detection and recovery 

mechanisms such as bit stuffing, bit arbitration, and acknowledgement like a CAN protocol. 

These mechanisms help to ensure the integrity of the data transmitted over the network. 

Physical layer: The physical layer of the CAN-FD protocol is based on a differential 

signaling method, which uses two wires to transmit data. The wires are called the CAN High 

and the CAN Low, and the voltage difference between them carries the data. The physical layer 

also includes a termination resistor at each end of the bus to match the characteristic impedance 

of the bus. 

Network topology: The CAN-FD protocol can be used in both linear and star topologies. In a 

linear topology, all devices are connected in a single line, while in a star topology, all devices 

are connected to a central hub. 
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Compatibility: The CAN-FD protocol is backwards compatible with the original CAN 

protocol, meaning that devices that support the original CAN protocol can still communicate 

with devices that support the CAN-FD protocol. 

In summary, the CAN-FD protocol can be used for communication in the lighting systems of 

a car. It allows for efficient communication between the lighting components and the carôs main 

computer, and allows for real-time monitoring and control of the lighting system. This ensures 

optimal performance and allows for the integration of advanced lighting features such as 

adaptive headlights, which automatically adjust the beam pattern based on the driving 

conditions. 

 

2.4. MeLiBu (Melexēs Light Bus) 

MeLiBu is an innovative communication protocol that enables to complex systems that 

makes it possible to perform animation applications using LED. MeLiBu allows automotive 

manufacturers to implement advanced LED lighting while at the same time helping them keep 

their costs at a minimum level thanks to the low BoM requirement.  

In developing this protocol, MeLiBu gathered the advantages of CAN, CAN-FD, LIN 

applications that are already available and in use. The MeLiBu is based on the CAN-FD 

protocol and UART communication. Thanks to its extended bandwidth and reduced latency, it 

can control more than 1000 LEDs simultaneously. The data rate is on 2Mbit per second and is 

fully compliant with ASIL-B (ISO26262 Part 9) security requirements.      

 

 

Fig.5. Block diagram 

 

2.4.1. Key Features & Benefits & Differentiations of MeLiBu  

Å Commander-Responder based system  

Å High-speed communication based on CAN-FD PHY differential interface 

Å No licance requiered. 

Å Reduces harness  

Å Provides ISO26262 and ISO11898 standards 

Å Real time update of >1000 LEDs without any delay in one bus segment 

Å Driving multiple LEDs (compatible with all LED types) uses only a single IC 
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Å A standard MCU can be used as a Commander for vehicle communication 

Å CAN-FD over UART communication 

  

 

Fig.6. common points of CAN and LIN between MeLiBu 

 

Nowadays, MeLiBu is used by leading manufacturers to improve the safety features for 

some of the cars (such as driver warning lights, door bike warning).  Ambient lighting can 

communicate with body control unit and the other units, can work with ADAS futures.  Lights 

may communicate with the driver through color coding, color changing, and blinking. Thanks to 

the MeLiBu communication protocol, the LEDs that communicate separately produce the 

lighting effects commanded by the vehicle in the light bar. The main challenges in these 

systems is to ensure consistent color uniformity across all LEDs and guarantee that they all 

change simultaneously.   

  

 

Fig.7. MeLiBu system wiew 



 INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) 

 

23  
Proceedings Book  

 

2.4.2. Auto-Adressēng 

For automatic addressing, the AA_IN pin of the first slave is connected to the VIO pin. For 

other slaves, the AA_OUT pin and the AA_IN pin are connected by the logic of a daisy chain. 

 

 

Fig.8. Connection between MeLiBu master and slaves 

 

The AA_IN pin of the first slave is wired to the VIO pin. The master sends the set NAD 

command. When the first slave receives this command, it sets AA_OUT to a high level. The 

first address will be taken from the slave, which AA_IN is connected to VIO. For the second 

address, the AA_IN pin of the second slave is connected to the AA_OUT pin of the first slave 

and its signal is received through this connection. For the third address, the AA_IN pin of the 

third slave is connected to the AA-OUT pin of the second slave and its signal is received 

through this connection. The signal continues to be transmitted to other slaves by this method. 

 

2.4.3. MeLiBu Message Frame 

The data is transmitted via the MeLiBu Communication Line in fixed format messages of 

selectable lengths. The data is first fixed to MSB, NRZ, 8N1 format (1 Start bit [low] + 8 data 

bits [no parity] + 1 Stop bit [high]). The stop bit shall have a minimum length of 1 bit time, but 

can be longer. 

MeLiBu HW block expects the following frame format (ACK is optional): 

 

 

Fig.9. Message frame 

 

Note: End of frame is not mandatory, next frame can follow immediately. 

 

2.4.4. Frame Header 

Each message must be initiated by the master, which transmits a header that consists of 

following subfields:  
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Å Break[>13bit + stop-bit]  

Å Slave address[6bit]  

Å R/T[1bit]  

Å F[1bit]  

Å Sub Address/Instrction Extension[6bit]  

Å P1[1bit]  

Å P0[1bit] 

  

 

Fig.10. Frame header 

 

2.4.5. Frame Format 

2.4.5.1 Data 

The DATA field could contain 0 to 36 bytes, where each byte contains 8 bits (MSB first) 

plus 1 start bit and 1 stop bit. 

 

 

Fig.11. UART data format 

 

2.4.5.2 CRC 

MCU calculates the CRC value and the MCU sends the DATA. The CRC value is calculated 

by the Master when M2S message is sending. Slaves will be used the CRC value for checking 

the stability of the DATA. 

2.4.5.3 ACK(Optional) 

The ACK field is optional and needs to be enabled by the software. ACK is only valid for 

M2S frames. The ACK field is added by Slaves right after the CRC field and shows the statuses 

below: 

Å The frame reception was OK 

Å The frame reception is FAILED 

Å The frame does not received by the Slave 
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2.4.5.4 Data Organization  

Data is stored in RAM in 16-bit. Low-byte data is available in RAM-ADDR, and high-byte 

data is available in RAM-ADDR+1.  

 

 

Fig.12. Data organization 

 

2.5. SLAVE MESSAGE HANDLING 

The Bus Protocol Processing Unit (BPPU) responsible for addressing decoding as well as 

MeLiBu frame reception/transmission. If a M2S frame is addressed to its NAD, the BPPU treats 

the frame on a byte-wise and copies the received bytes to the ICôs RAM via DMA. The number 

of bytes within the selected frame is known by BPPU after the two header bytes have been 

decoded. 

After receiving the header and payload bytes plus the two CRC bytes a CRC check takes 

place and a MFR interrupt is raised by the BPPU at the slave CPU. The processing of the 

DATA is should be carried out by the slave SW. 

If the master expects a S2M frame response, it must be specified in a previous M2S frame 

and supported by the dependent software. The slave software needs to prepare the response data. 

This process involves two steps: 

1.Step: Preparing response data  

2.Step: Setting a DMA Tx pointer (PORT_DMA_TX) to the starting address of the response 

data (Slave SW prepares the data, but cannot initiate the transmission of this response data itself 

because each transmission must be initiated by the Master. If more than one slave tries to 

transmit simultaneously using a broadcast address or multiple slaves using the same NAD, a bus 

collision occurs.) 

If the master wants to receive data from a certain slave then it needs to fetch these data by 

sending a Breakfield plus the two ID header bytes indicating to the slave BPPU that the 

transmission of a number of bytes is requested from the addressed slave. From the masterôs 

point of view it is a Rx frame which starts with the transmission of the Breakfield plus the two 

ID header bytes. The slave BPPU of older ICs receives and decodes the ID header bytes and 

immediately starts to send the data which is pointed by the DMA Tx pointer 

(PORT_DMA_TX). Newer Ics could delay the transmission. 

The transmission request, the slave address and the requested number of bytes is extracted 

and the BPPU uses DMAto feed the expected number of bytes out the RAM of the IC to the 

UART for transmission. If desired, a MFR interrupt can be raised to the CPU. 

 

 



 INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) 

 

26  
Proceedings Book  

 

2. CONCLUSION 

In recent years, automotive manufactures have turned to using LED lighting system instead 

of  bulbs in their vehicles due to the advantages they provide, aesthetic improvement, lower 

power comsumption and features that provided to visibility and safety. Initially, LED lighting 

systems started to be used in the fields of exterior lighting, interior lighting systems and simple 

warning lights. Nowadays, Manufacturers have aimed to take this technology even further, they 

aimed to achieve a dynamic visual by ensuring that the LEDs in the units work in coordinated 

manner. But for that happen, there are serious engineering challenges to overcome. Specially, it 

is necessary to deal with problems such as having enough bandwidth to control a large number 

of LEDs in the system and keeping the latency between the LEDs to a minimum. In addition, 

this protocol should be as flexible as possible and allow the application of LED matrix of 

different sizes and characteristics produced by different suppliers. It shouldnôt be in need off 

make significant changes to the BCM and add harnesses. It must include minimal hardware(low 

BoM). In summary, MeLiBu can be considered as a solution that automotive manufacturers can 

use in more complex lighting applications without having to redesign BCM thanks to its fully 

scalable, highly flexible and fast structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Term Stands For 

AA  Auto-Addressing 

ACK  Acknowledge 

BCM  Body Control Module 

BoM Bill of Materials 

BPPU Bus Protocol Processing Unit 

CAN Controller Area Network 

CAN-

FD 

Controller Area Network with 

Flexible Data 

CRC Cyclic Redundancy Code 

DMA  Direct Memory Address 

LED Light-Emitting Diode 

M2S Master to Slave 

MCU  Microcontroller Unit 

MeLiBu  Melexis Light Bus 

MFR  MeLiBu Frame Received 

NAD Node of Adress 

NRZ Non Return to Zero 

RAM  Random Access Memory 

S2M Slave to Master 

SW Software 

ID  Identifier 

VIO  Virtual Input/Output 
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Abstract: Different cellular processes including cell recognition, cell-cell 

interaction, adhesion, immune response are mostly carried out by cell surface 

glycan. The change of cell surface glycan is correlated with the development of 

cancer. An understanding of the main properties and the role of glycans in 

biological systems ,especially in disease and cancer development, can provide to 

generate more specific and useful therapeutic agents for human health. 

Glycosyltransferases and glycosidases are the two main enzymes that are used for 

glycan researches. Endo S is an enzyme which has approximately 108 kDa size. 

This enzyme is produced by Streptococcus pyogenes and shows endo-ɓ-N-

acetylglucosaminidase activity on Immunoglobulin G (IgG). The potential of Endo 

S enzyme in the therapeutic studies increases in the last decades. At that point, 

biotechnology helps to increase the production and yield of the enzyme by using 

recombinant technology. In this study, recombinant Endo S enzyme has been 

produced and optimization parameters have been tried to increase the yield of 

enzyme production. First of all, the plasmid of EndoS transformation into LB 

(Luria-Bertani )/ ampicillin agar was achieved and a single colony was transferred 

to LB/ ampicillin broth. Then, the plasmid was isolated by using commercially 

available miniprep kit. The isolated plasmidôs DNA was measured in nanodrop 

and confirmed in agarose gel. Heat shock method with IPTG (Isopropyl ɓ-d-1-

thiogalactopyranoside) induction was used for the transformation of the plasmid 

into Escherichia coli BL21(DE3) plysS for enzyme production. Cells pellets were 

lysed by a sonicator or homogenizer. After lysis and enzyme purification, sodium 

dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed to 

visualize the proteins. Purified Endo S was used to hydrolyze glycans in the Fc 

region of IgGs. The delocalization of Ab was shown on SDS PAGE and by 

Quadrupole Time-of-Flight (QTOF) Mass Spectrometry. Different lysis buffers, 

IPTG concentration, carbon, nitrogen, and mineral sources were studied to 

increase enzyme production efficiency. Lysate image results were compared using 

the ANOVA test to find the optimal condition for Endo S activity in IgG 

deglycosylation. 
 

Anahtar Kelimeler: Endoglycosidase, Recombinant, Production, Deglycosylated 

mAb 
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¥zet: Tehlikeli atēklarēn yakma iĸlemi ile fērēnlarda imhasē ve bu yºntemle atēklarēn 

kalorifik deĵerini kullanarak enerji ¿retilmesi d¿nyada yaygēn olarak 

kullanēlmaktadēr. Ancak atēk madeni yaĵlardan, katma deĵeri y¿ksek baz yaĵlarēn 

¿retildiĵi rafinasyon iĸleminin yapēldēĵē fabrikalarda, bu geri dºn¿ĸt¿rme iĸlemi 

sonrasē ortaya ­ēkan gaz atēklar gºzardē edilmektedir. Rafinasyon iĸlemi sonrasē 

a­ēĵa ­ēkan bu atēk gazlar doĵaya direkt olarak salēnmakta ve doĵaya zarar 

vermektedir. 

Bu tez ­alēĸmasēnda, bir baz yaĵ rafinerisinde a­ēĵa ­ēkan atēk gazēn bertarafē i­in, 

fērēnda bu atēĵēn yakēlmasē iĸlemi ¿zerinde ­alēĸēlmēĸtēr ANSYS Fluent 2022 

yazēlēmē kullanēlarak yanma analizleri sayēsal olarak incelenmiĸtir.  

¢alēĸma, atēk gazēn deneysel olarak elde edilmiĸ kimyasal i­erikleri baz alēnarak 

y¿r¿t¿lm¿ĸt¿r. Bu veriler ēĸēĵēnda oluĸturulan sēnēr ĸartlarē ile sayēsal analiz 

yapēlmēĸ ve yanmanēn modellenmesinin avantajlarē ¿zerinde durulmuĸtur. Bu 

bileĸimler kullanēlarak uygun yanma koĸullarēnēn saĵlanmasē i­in gerekli hava 

miktarē hesaplanmēĸtēr. Yanma i­in gerekli uygun kalorifik deĵerlerin 

saĵlanabilmesi i­in gerekli yakēt miktarē belirlenmiĸtir. Atēĵēn yanmasē sonrasēnda 

ortaya ­ēkan gazēn bileĸimleri teorik olarak hesaplanmēĸtēr. Aynē iĸlemler  ANSYS 

Fluent 2022 yazēlēmē ¿zerinde yapēlan sayēsal inceleme ile daha hēzlē ve g¿venilir 

ĸekilde ger­eĵe yakēn olarak elde edilmiĸtir. 

Atēk madeni yaĵlarēn rafine iĸlemi sonrasēnda a­ēĵa ­ēkan gaz atēklarēn ­evreye 

duyarlē bir ĸekilde doĵrudan yakma yºntemi ile fērēnda imhasēnēn ­evre duyarlēlēĵē 

ve enerji a­ēsēndan ºnemi ispat edilmiĸtir. Ayrēca atēk imha sistemleri ¿retimi 

yapan firmalarda sayēsal olarak sistemin incelenmesinin, bir­ok deĵiĸkenin hēzlē ve 

g¿venilir bir ĸekilde irdelenebilmesi a­ēsēndan ºnemi gºsterilmiĸtir. 

  
 

Anahtar Kelimeler: yanma, hesaplamalē akēĸkanlar dinamiĵi, tehlikeli atēklar, atēk 

fērēnē 

 

 

Giriĸ 

N¿fus artēĸē, enerji talebi, end¿striyel faaliyetler ve diĵer teknolojik geliĸmeler ka­ēnēlmaz 

olarak atēk artēĸēna yol a­maktadēr. Geleneksel atēk toplama, taĸēma ve bertaraf yºntemlerinin 

saĵlēk sorunlarēnē ve ekonomik kayēplarē ºnlemede artēk yeterli olmadēĵē iyi bilinmektedir. Atēk 

yºnetiminin arētēlmasē, depolanmasē, bertarafē ve diĵer s¿re­leri i­in bir­ok teknoloji 

geliĸtirilmiĸtir. Her yºntemin kendi g¿­l¿ ve zayēf yºnleri, eriĸilebilirliĵi, uygulanabilirliĵi ve 

en ºnemlisi ihtiya­larē karĸēlama yeteneĵi vardēr. Atēklarē bertaraf etmenin en yaygēn yolu 

yakmadēr. 
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Tehlikeli atēklar teknolojik ilerleme ile doĵru orantēlē olarak artmaktadēr. Bunun nedeni, ­oĵu 

tehlikeli atēĵēn end¿striyel kaynaklē olmasēdēr. Karēĸēk end¿striyel atēklar, tarēmsal atēklar, 

kullanēlmēĸ madeni yaĵlar ve hastane ve laboratuvarlardan ­ēkan patolojik atēklar tehlikeli atēk 

kaynaklarēdēr. 

Ķnsan saĵlēĵēnē ciddi anlamda tehdit etmesi ve ekolojik dengeyi bozmasē nedeniyle tehlikeli 

atēklarēn bertarafē ºnemli bir konu haline gelmiĸtir. Ancak tehlikeli atēklarēn sēnēflandērēlmasēnē 

standardize etmek ve tanēmlamak da zordur, ­¿nk¿ bu konu kapsamlē bilgi gerektirir. Genel 

olarak tehlikeli atēk, canlē organizmalar, binalar veya ­evre ¿zerinde yangēn, patlama, aĸēndērēcē, 

toksik veya benzeri istenmeyen etkiler gibi potansiyel bir tehlike oluĸturan maddeler olarak 

tanēmlanabilir. Tehlikeli atēklar katē, sēvē, gaz ve ­amurdur. Her durumda, ºncelikle atēĵēn 

tehlikesi ve boyutu belirlenmeli ve uygun bertaraf yºntemleri uygulanmalēdēr. Atēk ayērma ve 

bertaraf etme yºntemleri ¿lkeden ¿lkeye deĵiĸir. Bu ­eĸitliliĵin sebepleri ¿lkelerin geliĸmiĸlik 

d¿zeyi ile ilgili olmakla birlikte ¿lkelerin sosyal ve politik bakēĸ a­ēlarēnē da gºstermektedir. 

Geliĸmiĸ ¿lkeler bu konuyu ciddiye alēp tehlikeli atēk yºnetimine b¿y¿k yatērēmlar yaparken, 

geliĸmekte olan ¿lkelerde mevzuat boĸluklarē bulunmaktadēr. 

 

Bu ­alēĸmada, atēk madeni yaĵlardan y¿ksek katma deĵerli baz yaĵ ¿retimi saĵlayan bir tesis 

incelenmiĸtir. Rafinasyon iĸlemi sonunda yukarēda bahsedildiĵi gibi ek olarak bazē atēklar 

kalmaktadēr. Tesiste rafinasyon iĸlemi sonrasē arta kalan atēk gaz normal ĸartlarda farklē 

tesislerde ­evreye zarar veren geleneksel yºntemler ile bertaraf edilmektedir. Fakat incelenecek 

olan tesiste, ķekil 1.'de gºr¿ld¿ĵ¿ ĸekilde, bahsi ge­en atēklar, sisteme entegre edilen yakma 

fērēnēnda yakēlarak bertaraf edilmektedir. Yakēlan sēvē ve gaz atēk, ēsē deĵiĸtirici vasētasēyla 

tesisin ēsētma suyunun enerjisini karĸēlamakta ve kuru, ēslak filtreleme yºntemleriyle t¿m 

iĸlemler sonrasēnda uygun emisyonlarla ­evreye salēnmaktadēr. Araĸtērmalar neticesinde baz yaĵ 

¿retimi saĵlayan herhangi bir tesiste bºyle bir uygulamaya rastlanmamēĸ ve literat¿rde bu t¿rde 

bir iĸlem sonrasē a­ēĵa ­ēkan gazlarēn yakēlmasē ve sayēsal olarak incelenmesi ¿zerine yapēlmēĸ 

araĸtērma bulunamamēĸtēr. Bu tez ­alēĸmasē ile yapēlacak sayēsal ve teorik incelemeler, bir 

benzeri olmayan bu uygulama i­in bilimsel anlamda da bir farkēndalēk oluĸturacaktēr. 

 

 

 
ķekil 1. Atēk Gaz Yakma ķemasē 

 

Deneysel ¢alĸma 

Yaĵ rafinerisinde a­ēĵa ­ēkan gazēn kimyasal bileĸimi lisanslē bir kuruluĸ tarafēndan tespit 

edilmiĸtir. 
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Distilasyon ve Hidroiĸlemci biriminde a­ēĵa ­ēkan atēk gaz bir­ok farklē bileĸikten oluĸan 

komplike bir gazdēr. Ķncelenen atēk gaz i­erisinde hava, su, hidrojen, metan, etan, propan, 

hidrojen s¿lf¿r, hidrojen klor¿r, amonyak, benzen, etil benzen, toluen, b¿tan, pentan, hekzan, 

karbon monoksit ve karbon dioksit tespit edilmiĸtir. 

Atēk gazēn debisi koryolis tipi debimetre ile ºl­¿lm¿ĸ ve 110 kg/h olarak okunmuĸtur. Sēcaklēĵē 

ise 40ÁC'dir. A­ēĵa ­ēkan gazēn basēncē ise 0,25 bar'dēr. 

Tablo 1. Distilasyon ve Hidroiĸlemciden Gelen Atēk Gazēn Deneysel Sonu­larē 

Karēĸēm Bileĸenleri 
 

Mol Oranē, Ni  

(mol) 

Molek¿l Aĵērlēĵē 

Mi (g/mol) 

Hava O2+3,76N2 0,051 28,97 

Su H2O 0,020 18,02 

Hidrojen H2 0,709 2,02 

Metan CH4 0,005 16,05 

Etan C2H6 0,010 30,08 

Propan C3H8 0,012 44,11 

Hidrojen S¿lf¿r H2S 0,103 34,09 

Hidrojen Klor¿r HCl 0,001 36,46 

Amonyak NH3 0,008 17,04 

Benzen C6H6 0,002 78,12 

Etil Benzen C8H10 0,001 106,18 

Toluen C7H8 0,001 92,15 

B¿tan C4H10 0,021 58,14 

Pentan C5H12 0,003 72,17 

Hekzan C6H14 0,004 86,20 

Karbon Monoksit CO 0,004 28,01 

Karbon Dioksit CO2 0,043 44,01 

 

Teori 

Bir maddenin termal ºzellikleri, i­ enerji, u, entalpisi, h, ºzg¿l ēsēsē, cp gibi niceliklerle 

tanēmlanēr. Yakma sistemlerinde bir­ok farklē gaz ve bileĸen imha edilmekte olduĵu i­in bir 

karēĸēmēn termodinamik ºzellikleri, t¿m bileĸenlerin sahip olduĵu bu niceliklerin bir 
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kombinasyonundan kaynaklanēr. Gazlē karēĸēmlar i­in ideal gaz yasasē varsayēlēr ve her bir gaz 

bileĸenine ideal gaz iliĸkilerinin uygulanmasēna izin verilir. Adet olarak n farklē gaz 

karēĸēmēndan baĸlayarak, sistemin toplam k¿tlesi, m, 

ά ά 

           (1) 

 

burada mi, her bir i bileĸeninin k¿tlesidir. Sistemdeki toplam mol sayēsē, N, 

ὔ ὔ 

           (2) 

Ni, her bir i bileĸeninin mol sayēsēdēr. K¿tle oranē, yi ve mol oranē, xi, belirli bir t¿r¿n nispi 

miktarēnē tanēmlar. Tanēmlarē ĸu ĸekildedir, 

ώ
ά

ά
  ὺὩ  ὼ

ὔ

ὔ
 

           (3) 

Tanēm olarak, i = 1,2,3,...,n 

ώ ρ  ὺὩ ὼ ρ 

           (4) 

Toplam deb s , , bilinen gaz ve sēvē atēklarēn her bir bileĸeni i­in debi hesabē ĸu ĸekilde yapēlēr, 

ώᶻ  

           (5) 
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Her bir i bileĸeninin molek¿ler k¿tlesini gºsteren Mi ile, karēĸēmēn ortalama molek¿ler k¿tlesi M 

ĸu ĸekilde belirlenir 

ὓ  
ά

ὔ

В ὔὓ

ὔ
ὼὓ 

           (6) 

Dalton'un "toplam basēn­lar kanunu" ve Amagat'ēn "ilave hacimler kanunu" ile ideal gaz 

kanunundan, bir karēĸēmdaki bileĸenin mol kesri, o bileĸenin kēsmi basēncēndan ĸu ĸekilde 

bulunabilir 

ὖ

ὖ

ὠ

ὠ

ὔ

ὔ
ὼ 

           (7) 

Pi, her bir i bileĸeninin kēsmi basēncē, P, gaz karēĸēmēnēn toplam basēncē, Vi, her bir i bileĸeninin 

kēsmi hacmi ve V, karēĸēmēn toplam hacmidir. Bir karēĸēmēn birim k¿tlesi baĸēna i­ enerjisi, u, 

bileĸenin k¿tle fraksiyonu ile aĵērlēklandērēlmēĸ her bir bileĸen i­in birim k¿tle baĸēna i­ enerji 

toplanarak belirlenir 

ό  
Ὗ

ά

В άό

ά
ώό 

           (8) 

burada U, karēĸēmēn toplam i­ enerjisi ve ui, her bir bileĸenin k¿tlesi baĸēna i­ enerjisidir. Benzer 

ĸekilde, karēĸēmēn birim k¿tlesi baĸēna entalpisi ise, 

Ὤ ώὬ 

           (9) 

 

ve karēĸēmēn birim k¿tlesi baĸēna sabit basēn­ta ºzg¿l ēsēsē, 
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ὧ ώὧȟ 

           (10) 

Termodinamik bir s¿re­ sērasēnda sabit ºzg¿l ēsēlar varsayēldēĵēnda, birim k¿tle baĸēna her bir 

bileĸenin enerji ve entalpi deĵiĸimleri aĸaĵēdaki gibi tanēmlanēr 

Ўό ὧȟὝ Ὕ  

           (11) 

ЎὬ ὧȟὝ Ὕ   

           (12) 

 

Ancak atēk imha fērēnlarēnda sēcaklēk deĵiĸimi y¿ksek olduĵu i­in T2 ve T1 i­in ºzg¿l ēsēlar 

hesaplanacak ve form¿l ĸu ĸekilde olacaktēr  

Ўό ὧȟȟ Ὕz ὧȟȟ Ὕz  

           (13) 

ЎὬ ὧȟȟ Ὕz ὧȟȟ Ὕz  

           (14) 

Bir atēk yakma fērēnēnda, atēklarēn tamamen yakēlmasē i­in ne kadar yakēt ve hava gereksinimi 

olduĵunun belirlenmesi gerekir. Genel bir hidrokarbon bileĸimi olan CŬHɓOɔ i­in hava ile 

yanma stokiyometrisi ĸu ĸekilde ifade edilebilir 

Î#(/ Îɻ / σȢχφ.
           
ự Îɻ#/ Î (/ σȢχφÎɻ .   

           (15) 

Tam yanma koĸullarē altēnda bu denklem kullanēlarak veya genel denklik saĵlanarak hava 

ihtiyacē ayrē ayrē hesaplanēr. Bu sayede atēklarēn tamamen yanmasē i­in beslenmesi gereken 

hava girdisi hesaplanmēĸ olur. 

Bir tepkimenin entalpisini hesaplamak istersek ¿r¿nlerin entalpisi ile girenlerin entalpisi 

arasēndaki farkē bulmak gerekir. ¥rneĵin yukarēdaki denklem i­in 
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ЎὬ Ὄ­İ   Ὄ          Ὧὐ  
           (16) 

ЎὬ ὲɻz ὧȟ Ὕz Î ὧzȟ Ὕz σȢχφÎɻ ὧzȟ Ὕz ὲz ὧȟ ᶻ

Ὕ Îɻ ὧȟ Ȣ Ὕz              Ὧὐ  

           (17) 

denklemi kullanēlmalēdēr. Bu sayede T1 sēcaklēĵēndan T2 sēcaklēĵēna ge­erken bileĸiĵin kimyasal 

reaksiyonunun entalpisi hesaplanmēĸ olur. 

Kinetik ve potansiyel enerjilerin ihmal edilmesi sebebiyle i­ enerji deĵiĸim etkisi 

uygulanmayacaktēr. Bu durumda, 

ЎὬ Ўό ὡ ὡ 
           (18) 

olacaktēr. 

Gaz karēĸēmēnēn yoĵunluĵu ise ɟ (kg/mį) yoĵunluk, P(Pa) basēn­, M(g/mol) molek¿l aĵērlēĵē, R 

(8,314 J/mol.K) gaz sabiti,  T (K) sēcaklēk olmak ¿zere, 

”
ὖὓ

ὙὝ

ὖ

ὙὝ
ᶻ
ά ά ά ȣ Ễά

ὲ ὲ ὲ ȣ Ễὲ
 

           (19) 

ile hesaplanēr. 

Sabit basēn­ altēnda ºzg¿l ēsēlarēn teorik olarak hesaplanmasē i­in t¿retilen bir ­ok korelasyon 

bulunmaktadēr.  Bu tezde, R. L. Rowley, W. V. Wilding, J. L. Oscarson, Y. Yang, N. A. Zundel, 

T. E. Daubert, R. P. Danner tarafēndan 2007'de geliĸtirilen g¿ncel korelasyonlar kullanēlmēĸtēr.  
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Tablo 2. Distilasyon ve Hidroiĸlemciden Gelen Atēk Gaz 

i YŀǊƤǒƤƳ .ƛƭŜǒŜƴƭŜǊƛ 

5ƛǎǘƛƭŀǎȅƻƴ ǾŜ IƛŘǊƻƛǒƭŜƳŎƛŘŜƴ DŜƭŜƴ DŀȊ 

1 Hava O2+3,76N2 

2 Su H2O 

3 Hidrojen H2 

4 Metan CH4 

5 Etan C2H6 

6 Propan C3H8 

7 IƛŘǊƻƧŜƴ {ǸƭŦǸǊ H2S 

8 IƛŘǊƻƧŜƴ YƭƻǊǸǊ HCl 

9 Amonyak NH3 

10 Benzen C6H6 

11 Etil Benzen C8H10 

12 Toluen C7H8 

13 B¿tan C4H10 

14 Pentan C5H12 

15 Hekzan C6H14 

16 Karbon Monoksit CO 

17 Karbon Dioksit CO2 

Tablo-2'de bahsedilen atēk gazēn karēĸēm bileĸenleri i­in ve ek olarak bu bileĸenlerin yanmasē 

sonucu oluĸan Nitrojen (N2), S¿lf¿r Dioksit (SO2) ve Klor (Cl2) i­in ideal gaz varsayēmē ile 

ὧ ὅρ ὅς
Ⱦ

 Ⱦ
ὅτ

Ⱦ

 Ⱦ
  

            

           (20) 

denklemi temel alēnmēĸtēr. (R. L. Rowley, W. V. Wilding, J. L. Oscarson, Y. Yang, N. A. 

Zundel, T. E. Daubert, R. P. Dan ner, DIPPRÈ Data Compilation of Pure Chemical Properties, 

Design Institute for Physical Properties, pg. 2-181, AIChE, New York (2007)). 
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Hava Yakēt Oranē (HYO) ile 1 kg yakēt i­in sisteme ilave edilmesi gereken kg hava miktarē 

hesaplanabilir. Yakēt i­in yanma denklikleri kullanēlarak HYO, 

Ὄὣὕ 
ά

ά

ὔ ὓz

ὔ ὓz
 

            

           (21) 

bu ĸekilde hesaplanēr. Yakēt karēĸēm halinde n adet bileĸikten oluĸuyorsa, 

Ὄὣὕ 
ά

ά

ὔ ὓz

ὔ ὓz
ὔ ȟ ὓz ὔ ȟ ὓz ὔ ȟ ὓz

ὔ ȟ ὓz ȟ ὔ ȟ ὓz ȟ ὔ ȟ ὓz ȟ
 

            

           (22) 

Sayēsal Ķnceleme 

Mevcut fērēn i­erisinde tesisten ­ēkan bir­ok atēk yakēlmaktadēr. Bu sebeple fērēn 

boyutlandērmasē t¿m atēklarēn imha edilebileceĵi ĸekilde yapēlmēĸtēr. Fērēn 1,6 metre ­apta, 6 

metre uzunluĵunda silindirik ve sabit yapēdadēr.  

Sayēsal inceleme, mesh yapēsē ¿­gen olacak ĸekilde ve duvar yakēnlarēnda ince mesh 

uygulanarak yapēlmēĸtēr.  

 

 

ķekil 1. Atēk Yakma Fērēnē Mesh Yapēsē 
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Ansys User Guide i­erisinde mesh kalitesini ºl­mek i­in bazē kēstaslar vardēr. Skewness 

deĵerinin 0-0,25 arasēnda olmasē durumu "Excellent", 0,25-0,50 arasēnda olmasē durumu "Very 

Good", 0,50-0,80 arasēnda olmasē durumu "Good", 0,80-0,94 arasēnda olmasē durumu 

"Acceptable" ve 0,95-0,97 arasēnda olmasē durumu "Bad" ve 0,98-1,00 arasēnda olmasē durumu 

ise "Unacceptable" olarak bildirilmiĸtir. 

 

ķekil 2. Atēk Yakma Fērēnē Mesh Skewness Kalitesi 

ķekil 2.'de gºr¿leceĵi ¿zere Skewness deĵeri maksimum 0,57 ­ēkmēĸtēr ve "Good" kategorisine 

denk gelmektedir. Bu durumda Skewness kalite ĸartēnē saĵlamēĸ olup Orthogonal kalitesine 

bakmamēz gerekir. 

Orthogonal kalitesinin ise 0-0,001 arasēnda olmasē durumu "Unacceptable", 0,001-0,14 arasēnda 

olmasē durumu "Bad", 0,15-0,20 arasēnda olmasē durumu "Acceptable", 0,20-0,69 arasēnda 

olmasē durumu "Good", 0,70-0,95 arasēnda olmasē durumu "Very Good" ve 0,95-1,00 arasēnda 

olmasē durumu "Excellent" olarak ifade edilmektedir. 

 

ķekil 3. Atēk Yakma Fērēnē Mesh Orthogonal Kalitesi 

ķekil 3.'te gºr¿leceĵi ¿zere minimum deĵer 0,67'de "Good" kategorisine ve maksimumda 0,99 

ile "Excellent" kategorisine girilmektedir. Bu durumda mesh kalitesi sēnanmēĸ ve baĸarēlē 

olmuĸtur. 

 

 



 INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) 

 

41  
Proceedings Book  

 

Sēnēr ķartlarē 

Adyabatik duvar sēnēl koĸullarē altēnda her bir bileĸenin tam yandēĵē senaryo incelenmiĸtir. Atēk 

gaz 313 K sēcaklēkta ve 25000 Pa basēn­ta olacaktēr. Yakēt ise 293 K sēcaklēkta ve 30000 Pa 

basēn­ta beslenecektir. Mol, aĵērlēk­a oranlar ve debiler de Tablo 3. ve Tablo 4.'te gºsterilmiĸtir. 

T¿rb¿lans modeli olarak Standart k-omega modeli se­ilmiĸtir. "Species Transport" yºntemi ile 

t¿m yanma reaksiyonlarē tanēmlanmēĸtēr. 

Tablo 3. Atēk Gaz Giriĸ Sēnēr ķartlarē 

i 

Karēĸēm Bileĸenleri 
Mol 

Oranē, 

Ni  (mol) 

Molek¿l 

Aĵērlēĵē, 

Mi 

(g/mol) 

Karēĸēmdaki 

Molek¿l 

Aĵērlēĵē, mi 

(g) 

Aĵērlēk­a 

Oran, yi 

Debi 

(kg/sa) 

Sēcaklēk 

(K) 

Basēn­ 

(Pa) Atēk Gaz 

1 Hava O2+3,76N2 0,051 28,97 1,477 0,122 13,452 

313 25000 

2 Su H2O 0,020 18,02 0,368 0,030 3,354 

3 Hidrojen H2 0,709 2,02 1,431 0,119 13,036 

4 Metan CH4 0,005 16,05 0,085 0,007 0,770 

5 Etan C2H6 0,010 30,08 0,310 0,026 2,827 

6 Propan C3H8 0,012 44,11 0,544 0,045 4,952 

7 
Hidrojen 

S¿lf¿r 
H2S 

0,103 34,09 3,521 0,292 32,075 

8 
Hidrojen 

Klor¿r 
HCl 

0,001 36,46 0,044 0,004 0,404 

9 Amonyak NH3 0,008 17,04 0,141 0,012 1,286 

10 Benzen C6H6 0,002 78,12 0,162 0,013 1,472 

11 
Etil 

Benzen 
C8H10 0,001 106,18 0,084 0,007 0,766 

12 Toluen C7H8 0,001 92,15 0,093 0,008 0,844 

13 B¿tan C4H10 0,021 58,14 1,241 0,103 11,302 

14 Pentan C5H12 0,003 72,17 0,230 0,019 2,094 

15 Hekzan C6H14 0,004 86,2 0,348 0,029 3,168 

16 
Karbon 

Monoksit 
CO 

0,004 28,01 0,119 0,010 1,086 

17 
Karbon 

Dioksit 
CO2 0,043 44,01 1,879 0,156 17,112 

TOPLAM  N=1,000   m=12,077   110,000 
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Tablo 4. Yakēt(Doĵalgaz) Giriĸ Sēnēr ķartlarē 

Yakēt 

Bileĸenleri 

Mol 

Oranē, 

Ni  (mol) 

Molek¿l 

Aĵērlēĵē, mi 

(g/mol) 

Karēĸēmdaki 

Molek¿l 

Aĵērlēĵē, mi (g) 

Aĵērlēk­a 

Oran, yi 

Debi 

(kg/sa) 

Sēcaklēk 

(K) 

Basēn­ 

(Pa) 

Metan CH4 0,88 16,05 14,124 0,755 25,281 

293 30000 

Etan C2H6 0,07 30,08 2,106 0,113 3,769 

Propan C3H8 0,03 44,11 1,323 0,071 2,369 

B¿tan C4H10 0,02 58,14 1,163 0,062 2,081 

TOPLAM  N=1,000   m=18,716   33,500 

¢ēkēĸ ĸartē olarak sisteme gºsterge(Gauge) basēncē 0 (sēfēr) tanēmlanmēĸtēr ve operasyonel basēn­ 

101325 Pa alēnmēĸtēr. 

¢ºz¿m tipi olarak basēn­ tabanlē(pressure-based) metot kabul edilmiĸtir. Yapēlan ­alēĸma 2(iki) 

boyutlu ­alēĸēlmēĸ olup, zamandan baĵēmsēz olduĵu i­in "steady-state" olarak devam edilmiĸtir. 

Atēklarēn yanmasē i­in 1077,479 kg/sa ve yakētēn yanmasē i­in 564 kg/sa olarak hesaplanan hava 

ihtiyacē da sistem giriĸine beslenmiĸtir. 

Sonu­lar 

Sonu­lar yakētēn ve atēklarēn fērēn i­erisinde teoriye uygun olarak tamamen yandēĵēnē 

gºstermiĸtir. ¥rnek sonu­lar ķekil 4'ten ķekil 11.'e kadar gºsterilmiĸtir.  

 

ķekil 4. Metan'ēn Tam Yanmasē 
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ķekil 5. Etan'ēn Tam Yanmasē 

 

 

ķekil 6. Propan'ēn Tam Yanmasē 

 

 

ķekil 7. B¿tan'ēn Tam Yanmasē  

 

ķekil 8. Oluĸan Su Buharē 
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ķekil 9. Hekzan'ēn Tam Yanmasē 

 

ķekil 10. Karbon Monoksit'in Tam Yanmasē 

Yapēlan teorik ­alēĸmada yanma sonrasē sēcaklēklar 1123 K olarak varsayēlmēĸ ve t¿m hesaplar 

buna gºre yapēlmēĸtē. 

Sayēsal ­alēĸmada ise ortalama sēcaklēk 1133,915 K olarak sonu­lanmēĸtēr. 

 

ķekil 11. Yakēnsayan Ortalama Sēcaklēk Deĵeri (1133,915 K) 
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Sēcaklēk olarak sayēsal analiz ve teorik hesap arasēnda ki fark teoriye kēyasla %0,97 olarak 

gºzlemlenmiĸtir. Atēk yakma fērēnlarēnda sēcaklēk ­ok ºnemlidir ve yºnetmelik ĸartē olan 

850ÁC(1123 K) ile 1100ÁC(1373 K) arasēnda kalmayē saĵlamalēdēr. Sonu­lar teorik olarak elde 

edilen veriler ile sayēsal analiz verilerinin tutarlē olduĵunu gºstermektedir. Sayēsal analiz ile 

aynē zamanda atēk t¿rlerinin fērēnēn hangi noktasēnda yanacaĵēnē gºrebilmekteyiz. Bu sayede 

atēk davranēĸē, fērēn boyutu gibi kavramlar konusunda ºn bilgi sahibi olabilmekteyiz. 

Yapēlan ­alēĸma, bu tarz problemlerin hēzlē ve g¿venilir olarak ­ºz¿lebileceĵini gºstermiĸtir. 

Atēk yakma sektºr¿nde sayēsal ­alēĸma yapmanēn ºnemi de gºzler ºn¿ne serilmiĸtir.  
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¥zet: S¿rd¿r¿lebilir kalkēnma son zamanlarda t¿m d¿nya i­in ºnemli k¿resel bir 

konu haline gelmiĸtir ve ºnemi g¿n ge­tik­e artmaktadēr. S¿rd¿r¿lebilir kalkēnma, 

­evrenin korunmasēnē saĵlarken aynē zamanda mevcut ve gelecek nesillere 

ekonomik kalkēnma, sosyal kalkēnma ve refah saĵlamaya odaklanmaktadēr. Bu 

nedenle, s¿rd¿r¿lebilir kalkēnmanēn birbiriyle iliĸkili ¿­ kavramē sosyal 

s¿rd¿r¿lebilirlik, ekonomik s¿rd¿r¿lebilirlik ve ­evresel s¿rd¿r¿lebilirliktir. 

S¿rd¿r¿lebilir kalkēnmayē saĵlamak i­in her eylem veya kararda doĵal, beĸer´ ve 

ekonomik sermayenin t¿m¿n¿n dikkate alēnmasē gerektiĵi anlaĸēlmaktadēr. 

D¿nyayē daha s¿rd¿r¿lebilir bir yaĸam alanēna ­evirebilmek i­in ­eĸitli ama­lar 

ve hedefler belirlenmiĸtir. 2015 yēlēnda Birleĸmiĸ Milletler tarafēndan belirlenen 

S¿rd¿r¿lebilir Kalkēnma Ama­larē ile d¿nyanēn y¿zleĸtiĵi ekonomik, sosyal ve 

­evresel sorunlarla m¿cadele etmek ve s¿rd¿r¿lebilirlik adēna farkēndalēk 

oluĸturmak hedeflenmektedir. ¢alēĸmada S¿rd¿r¿lebilir Kalkēnma Ama­larēnēn, 

2000-2015 yēllarē arasēnda ge­erli olan Binyēl Kalkēnma Ama­larēndan farklarēna 

ve zaman i­inde ama­larēn nasēl bir dºn¿ĸ¿m yaĸadēĵēna da deĵinilmiĸtir. 2030 

yēlēna kadar, daha s¿rd¿r¿lebilir bir d¿nya yaratmanēn bir yolu olarak insanlēk, 

refah, gezegen, ortaklēk ve barēĸ konularēnda planlē stratejilerin ¿stlenilmesi ve 

uygulanmasē gerekmektedir. S¿rd¿r¿lebilir Kalkēnma Ama­larē insan geliĸimi, 

sosyal geliĸim ve ­evresel geliĸimin ama­larēnē entegre ederek bir ­atē altēnda 

toplayan 17 ama­, 169 hedef ve 232 indikatºrden oluĸan bir yapēdēr. ¦lkelerin 

S¿rd¿r¿lebilir Kalkēnma Ama­larēna uyum gºstermesi ¿lkelerin hem bug¿nk¿ hem 

de gelecekteki kuĸaklarēnēn kalkēnmasē i­in olduk­a ºnemlidir. Fazla sayēda ama­, 

hedef ve kriter bulunduĵundan dolayē ¿lkeleri S¿rd¿r¿lebilir Kalkēnma Ama­larēna 

uyum performansē bakēmēndan analiz edebilmek i­in ­ok kriterli karar verme 

tekniklerinden faydalanēlabilir. Bu ­alēĸmanēn amacē ¿lkelerin S¿rd¿r¿lebilir 

Kalkēnma Ama­larēna uyumundaki performansēnē 2015-2022 yēllarē arasēndaki 

mevcut verileri kullanarak ­ok kriterli karar verme yºntemleriyle analiz etmek ve 

¿lkelerin 2023-2030 yēllarē arasēndaki performanslarēnē ­eĸitli zaman serisi 

analizleri kullanarak tahmin etmektir. ¢ok kriterli karar verme uygulamasē 

kapsamēnda ¿lkelerin deĵerlendirileceĵi kriter ºnem aĵērlēklarēnē belirleyebilmek 

ve ¿lkelerin uyum performanslarēnē bu kriterlere gºre analiz ederek ­ºz¿me 

ulaĸabilmek amacē ile Sēralē Aĵērlēklē Ortalama (SAO) yºnteminden 

yararlanēlmēĸtēr. SAO tekniĵinde bulanēk mantēk kapsamēnda tutarlēlēĵēn azalmasē 
riski gºz ºn¿nde bulundurularak, ¿lkelerin farklē kriter ºnem aĵērlēklarē 

karĸēsēndaki olasē performanslarē analiz edilebilmektedir. ¦lkelerin ge­miĸ yēllara 

ait kriterler bazēnda hesaplanan verilerine ulaĸmak i­in Birleĸmiĸ Milletlerôin 

oluĸturduĵu veri tabanē kullanēlmēĸtēr. ¢alēĸmaya veri tabanēnda bulunan 261 adet 

¿lke dahil edilmiĸtir. ¦lkelere ait bazē kriterler i­in eksik veri olmasē durumda 

­eĸitli eksik veri ­ºz¿m yºntemleri kullanēlarak eksik verilerin uygun bi­imde 

yºnetilmesi saĵlanmēĸtēr. ¦lkelerin gelecek yēllardaki performanslarēnē analiz 

etmek i­in ise ge­miĸ yēllarēn verileri kullanēlarak her ¿lke i­in uygun klasik zaman 

serisi analiz yºntemi (hareketli ortalama yºntemi, basit ¿stel d¿zeltme yºntemi, 

Brownôēn bir parametreli ¿stel d¿zeltme yºntemi, Brownôēn ikinci dereceden ¿stel 
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d¿zeltme yºntemi, Holtôun iki parametreli ¿stel d¿zeltme yºntemi, ayrēĸtērma 

yºntemleri, regresyon analizi, S-eĵrisi analizi, ­eĸitli trend analizleri vb.) se­ilerek 

gelecek yēllarēn tahmini performans verilerine ¿lkeler bazēnda ulaĸēlmēĸtēr. Bu 

­alēĸma sonucunda S¿rd¿r¿lebilir Kalkēnma Ama­larēna uyumdaki 

performanslarēnda ge­miĸ ve gelecek yēllara gºre en iyi ve en kºt¿ durumda olan 

¿lkeler belirlenerek ­eĸitli ºneri ve stratejiler sunulmuĸtur.  
 

Anahtar Kelimeler: s¿rd¿r¿lebilir kalkēnma ama­larē, ­ok kriterli karar verme, 

sēralē aĵērlēklē ortalama, zaman serisi analizleri 
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Abstract: In this study, yarns have been produced in Open-End Rotor spinning 

system by using 2 different navels produced by Belcoro company, KSK 6-A and KS. 

Using two different navels on the spinning machine, Ne 30/1 50:50 

Cotton/Polyester yarns were produced with 312 drafts at a twist level of 950 TPM 

with a rotor speed of 105,000 rpm. Uster tests were carried out to determine 

unevenness and defect values of yarns and strength tests were applied to determine 

yarn breaking strength. The effect of navel type on yarn quality was investigated. 

Analysis of the test results showed that the values of unevenness (CVm), thin place 

(-50%/km), thick place (+50%/km) and neps (+280%/km) of the yarns are lower 

when produced using KS navels compared to the yarns produced with KSK 6-A 

navels. It was also observed that the breaking strength values of the yarns made 

with these two different navels did not significantly differ from one another. 
 

Key Words: Open-End Yarn, Navel, Yarn Evenness, Strength 

 

 

Introduction  

The quality parameters of the yarn are very important in yarn production since they have 

significant effects on the quality of the fabric. In open-end (OE) rotor spinning system yarn 

quality properties are affected mainly from the characteristics of raw material, the preparation 

processes and the machine parts (opening-roller, rotor, navel etc.) used (Buharalē and ¥meroĵlu, 

2013). After the fibre bundle is formed in the rotor, it is withdrawn through some elements of 

the spinbox. One of the most crucial components that affects the properties of the yarn is the 

navel, which is located in the spinbox and directs the freshly formed yarn out of the fiber 

spinbox. (Yapēcēlar, 2005). 

 

Kaplan et al. (2006); in order to select the best navel for Ne 12 OE yarn for denim fabric, 

produced Ne 12 OE rotor yarns using ten different navels and analyzed the quality parameters 

of the yarns with Electra III. ¢oruh and ¢elik (2012); carried out the cost analysis of raw single 

jersey fabrics knitted in five different loop lengths from Ne 30/1 OE rotor yarns which were 

manufactured by different nozzle types using 100% cotton of Urfa region, Turkey. Ayan and 

Sabēr (2013); investigated the influence of production line, rotor diameter and navel on the yarn 

properties produced in the OE rotor spinning system. They observed positive effect on all the 

quality values of the yarn spun by using spiral navel as the yarn was exposed to less friction in 

spiral-form navels. Yigit (2020); investigated the effects of material and spinning parameters 

(yarn count, twist coefficient and navel type) on the yarn quality characteristics such as yarn 
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evenness, IPI defects, hairiness, strength, breaking elongation and total quality index of OE 

rotor yarns spun from recycled acrylic fibre, recycled cotton fibre, virgin polyester fibre and 

blends. 

 

Due to increase in cotton prices in recent years, fabric manufacturers have increased their 

demands for cotton/polyester blended OE yarns rather than 100 percent cotton yarns in an effort 

to cut costs. In this study, Ne 30/1 50:50 Cotton/Polyester yarns were spun on the 2007 model 

R40 OE Rotor spinning machine of Rieter company by using 2 different navels (KSK 6-A and 

KS) produced by Belcoro company. Uster tests were carried out to determine unevenness and 

defect values of yarns and strength tests were applied to determine yarn breaking strength. The 

effects of navel type on cotton/polyester blended yarn properties was investigated. 

Materials and Method 

In this study, cotton fibers having 29.17 mm mean fibre length and 4.62 micronaire fineness and 

polyester fibers having 30 mm mean fibre length and 1.3 dtex fineness were used. The fibers 

were spun into rotor yarns on a Rieter R40 OE Rotor spinning machine of Rieter company. Ne 

30/1 50:50% Cotton/Polyester blended yarns were produced with 2 different navels produced by 

Belcoro company, KSK 6-A and KS. Spinning conditions and machine settings of the OE Rotor 

spinning machine used in this study with both navel types are given in Table 1. 

 

Table 2. Spinning conditions and machine settings 

Rotor Speed (rpm) 105.000  

Rotor Diameter (mm) 33 

Opening-Roller Speed (rpm) 9000  

Sliver Count (Ne) 0,100 

Draft 312 

Twist (TPM) 950 

 

KSK 6-A navel is the ceramic spiral navel with 6 groves and is generally preferred by the 

manufacturers in cotton-polyester blended yarn production. KS navel is the ceramic spiral navel 

and is generally preferred by the manufacturers in the production of 100% cotton yarn (Figure 

1). 

 
Figure 1. KSK 6-A (spiral + 6 groves) and KS (spiral) navels used in the study 
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Uster tests were carried out to determine unevenness and defect values of the yarns and strength 

tests were applied to determine yarn breaking strength. To determine unevenness and defect 

values an Uster Tester 5 was used. For each type of navel, five bobbins were tested. To 

determine yarn breaking strength an Uster Tensorapid 4 tester was used and for each type of 

navel five bobbins were tested. 

Results and Discussion 

In this study, the effects of two different navel types, KSK 6-A and KS, on the unevenness, yarn 

defect and breaking strength properties of Ne 30/1 50:50% Cotton/Polyester yarns produced on 

OE Rotor spinning machine, were investigated. The values of unevenness (CVm), thin places (-

50%/km), thick places (+50%/km), neps (+280%/km) and breaking strength (gf) are given in 

Table 2. 

 

Table 2. Test results of yarn properties 

Navel 

Types 
%U %CVm  

Thin Places Thick Places Neps 
Breaking 

Strength 

(-50%/km) (+50%/km) (+280%/km) (gf) 

KSK 6-A 13,15 16,70 66,3 215,0 892,5 222,6 

KS 12,11 15,46 26,3 143,8 470,0 228,3 

 

As seen in Table 2, the % U value (12.11) and %CVm value (15.46) of the yarn produced using 

KS navel are lower compared to the % U value ( 13.15) and %CVm value (16.70) of the yarn 

produced using KSK 6-A navel. It is observed that there is an improvement in yarn unevenness 

values with the use of KS navel. Yarn defects are expressed as thin places, thick places and 

neps.  Similar results are observed for yarn unevenness; the values of -%50/km thin places 

(26.3), +%50/km thick places (143.8) and +%280/km neps (470.0) of the yarn produced using 

KS navel are quite lower compared to the values of -%50/km thin places (66.3), +%50/km thick 

places (215.0) and +%280/km neps (892.5) of the yarn produced using KSK 6-A navel. The 

quality properties of the yarn produced using KS navel present better evenness and lower 

imperfection (thin, thick and neps) values than the yarn produced using KSK 6-A navel. 

Therefore, it can be concluded that the navel type significantly affects the quality parameters of 

yarns. When the strength values of the yarns are examined, it is seen that the breaking strength 

value (228.3 gf) of the yarn produced using KS navel and the breaking strength value (222.6 gf) 

of the yarn produced using KSK 6-A navel are close to each other and the navel type does not 

have a great effect on yarn strength. 

Conclusions 

According to the study reported in this work about the effects of navel type on the unevenness, 

imperfection (thin, thick and neps) and breaking strength values of Ne 30/1 50:50% 

Cotton/Polyester yarns produced in Open-End Rotor spinning system by using 2 different 

navels, the unevenness (%U and %CVm), thin place (-50%/km), thick place (+50%/km) and 
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neps (+280%/km) values of the yarns produced using KS navel has been found to be better than 

of the yarns produced using KSK 6-A navel. It was observed that there is low difference 

between the breaking strength of the yarns produced with two different navels. 
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   ¥zet: N¿fusun hēzla artmasē sonucunda, insan saĵlēĵē ¿zerindeki baskēlar su ve 

enerji kayēplarē oluĸmuĸtur. Ķnsan faaliyetlerinin yaygēn olmasē ve bilin­siz 

kullanēm ­evreye ve insanlarēn geliĸimine zarar vermeye baĸlamēĸtēr. ¢evreye 

verilen en b¿y¿k zararlardan biri de doĵal sermayenin bozulmasēdēr. Doĵal 

sermayenin bozulmaya baĸlamasēyla beraber iklim deĵiĸikliĵi sorunu da ºn plana 

­ēkmēĸ ve bunun sonucunda su kētlēĵē yaĸanmaya baĸlamēĸtēr. Su kētlēĵēna karĸē su 

potansiyelini daha verimli kullanabilmek i­in yenilik­i ve doĵaya yºnelik ­ºz¿mler 

¿retilmeye baĸlanmēĸtēr. Bu ­ºz¿mlerden biri de doĵa temelli ­ºz¿mlerdir. Doĵa 

temelli ­ºz¿mler; ­evresel, biyolojik ­eĸitliliĵi ve sosyal zorluklarē ele alarak 

doĵayē korumayē, yºnetmeyi ve geliĸtirmeyi ama­lamēĸtēr. Bu ­alēĸmada ama­, son 

yēllarda D¿nyaôda ºnemli bir g¿ndem konusu olan doĵa temelli ­ºz¿mler ile ilgili 

yapēlan ­alēĸmalarēn derlenmesi ve su kaynaklarēnēn yºnetiminde doĵa temelli 

­ºz¿mlerin nasēl uygulandēĵēnēn gºsterilmesi ama­lanmēĸtēr. Yapēlan ­alēĸmalar 

incelendiĵinde doĵa temelli ­ºz¿mlerin; ekonomik b¿y¿meye katkē saĵlayēp ­evreyi 

iyileĸtirmek, ĸehri daha ­ekici kēlmak i­in s¿rd¿r¿lebilir kentleĸmeyi oluĸturmak, 

karbon depolarēnē arttērmak i­in doĵa temelli ­ºz¿mler kullanēlarak iklim 

deĵiĸikliĵine uyum stratejisi geliĸtirmek ve son olarak geleneksel yºntemlerden 

daha fazla fayda saĵlamak ve ­oklu riskleri azaltmak i­in ­evresel risk yºnetimini 

azaltmak i­in kullanēlarak ­evresel riski yºnetmek olduĵu gºr¿lm¿ĸt¿r. Sonu­ 

olarak, iklim deĵiĸikliĵine karĸē alēnan ºnlemler arasēnda beton aĵērlēklē gri 

altyapēya dayanan m¿dahaleler yerine daha ­ok doĵayē esas alan ­alēĸmalarēn 

yapēlmasē gerekliliĵi ortaya konmuĸ d¿nyadan ve ¿lkemizden bazē ºrnekler 

verilmiĸtir. 
 

Anahtar Kelimeler: su kaynaklarē, su yºnetimi, doĵa temelli ­ºz¿mler, ­evre 

 

 

 

 

1.Giri ĸ 

D¿nyaôda n¿fusun hēzla artmasēyla birlikte insanlarēn saĵlēĵēnēn ve refahēnēn ¿zerinde oluĸan 

baskēlar neticesinde su ve enerji kayēplarē oluĸmuĸtur. (Faivre vd., 2017). Ķnsan faaliyetlerinin 

bilin­siz ve yaygēn kullanēlmasē herkes tarafēndan bilinen bir olaydēr. Bu bilin­sizce kullanēm 

bazē durumlarda ºn¿ne ge­ilemeyecek bir hal almaya baĸlamēĸ ve insanlarēn geliĸimine ve 

­evreye zarar vermeye baĸlamēĸtēr. ¢evreye verilen zararlardan biri de doĵal sermayenin 

bozulmasēdēr. Doĵal sermayenin bozulmaya baĸlamasēyla birlikte iklim deĵiĸikliĵi sorunu 

ortaya ­ēkmēĸtēr. Ķklim deĵiĸikliĵi, suyun aĸērē olarak t¿ketilmesi gibi sorunlardan dolayē su 

kētlēĵē yaĸanmaya baĸlanmēĸtēr (¢ºmez, 2020).  
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¦lkemiz yarē kurak iklim bºlgesinde yer aldēĵēndan dolayē suyu korumak i­in, suyu iyi 

yºnetebilmek gerekmektedir (Ulusal Su Planē 2019-2023).  

D¿nyaôda ve ¿lkemizdeki su durumuna bakēlacak olursa, D¿nyaôda bulunan toplam su 

potansiyeli 1,4 kmįôt¿r. Aĸaĵēda ķekil 1ôde gºr¿ld¿ĵ¿ gibi D¿nyaôdaki su daĵēlēmēnē mevcut 

sularēn %96,5ôi okyanuslarda, %2,5ôi tatlē sularda bulunmaktadēr. (DSĶ, 2019) 

 

ķekil 3: D¿nya'daki Su Daĵēlēmē (DSĶ, 2019) 

¦lkemizde ise su potansiyeli bu durum, yeraltē ve yer¿st¿ su potansiyelleri toplandēĵē zaman 

yēlda ortalama 112 milyar mįôt¿r. Ancak bu toplam su potansiyelinin sadece 54 milyar mįô¿ 

kullanēlabilmektedir (DSĶ,2019). Bu kullanēlabilir su potansiyelinin Aĸaĵēda ķekil 2ôde 

gºsterildiĵi gibi %73ô¿ sulamada, %16ôsē evsel kullanēmda, %11ôi ise sanayide kullanēlmaktadēr 

(H¿rriyet, 2021). 

 

ķekil 4: Su Kullanēmēnēn Sektºrlere Gºre Daĵēlēmē (H¿rriyet,2021) 

¦lkemizde 2021 yēlē i­in kiĸi baĸēna d¿ĸen yēllēk kullanēlabilir su miktarē yaklaĸēk 1346 mį t¿r. 

Bu deĵerin yēllar ge­tik­e azalmasē beklenmekte ve 2050 yēlēnda kiĸi baĸēna d¿ĸen yēllēk 

kullanēlabilir su miktarēnēn 1069 mį olacaĵē ºngºr¿lmektedir. ¦lkeler bazēnda bakēldēĵē zaman 

hanelerde su t¿ketiminin en fazla olduĵu ¿lkeler arasēnda T¿rkiye dºrd¿nc¿ sēradadēr. 
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T¿rkiyeôde hanelerde kullanēlan g¿nl¿k kiĸi baĸēna t¿ketilen su miktarē ķekil 3ôte gºsterildiĵi 

gibi yaklaĸēk 217 litredir (H¿rriyet,2021). Aĸaĵēda ķekil 4ôte gºsterildiĵi gibi hanelerde 

kullanēlan su oranē en ­ok duĸ alma, tuvaletler ve ­amaĸēr-bulaĸēk makinelerinden 

kaynaklanmaktadēr (H¿rriyet, 2021). 

 

ķekil 5: En ¢ok Su T¿keten ¦lkeler Listesi (H¿rriyet, 2021) 

 

ķekil 6: Evde Su Kullanēm Oranē (H¿rriyet, 2021) 

Tarēm sektºr¿nde kullanēlan su miktarē ķekil 5ôte gºsterildiĵi gibi y¿zeysel sulardan %53, 

yeraltē sularēndan karĸēlanan kēsmē ise %38ôdir (H¿rriyet,2021). Tarēm sektºr¿ i­in ¿­ ­eĸit 

sulama vardēr. Bu sulamalarēn %82ôsi salma sulama ile yapēlērken %17ôsi yaĵmurla sulama 

ĸeklinde yapēlmaktadēr. 
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ķekil 7:Tarēm Sektºr¿nde Kullanēlan Tatlē Su Miktarē (H¿rriyet, 2021) 

Tarēm sektºr¿nde kullanēlan su miktarēnēn azaltēlmasē i­in %82 oranēnda kullanēlan salma 

sulama yerine daha verimli ama kullanēm oranē diĵer sulamalara gºre az olan damla sulama 

yºntemi kullanēlabilir. 

2.Doĵa Temelli ¢ºz¿mler 

D¿nyaôda ve ¿lkemizde kullanēlabilir su potansiyelini daha verimli kullanabilmek i­in alternatif 

ºnlemler alēnmalēdēr. Ayrēca iklim deĵiĸikliĵi de su kaynaklarēnē, temiz havayē ve doĵal 

­evrenin insanlara saĵladēĵē bir­ok faydayē tehdit etmektedir (Ka­maz, 2021). Ķklim 

deĵiĸikliĵinin yarattēĵē sorunlarla m¿cadele etmek i­in doĵaya yºnelmek, doĵa odaklē ­ºz¿mler 

¿retmek b¿y¿k ºnem kazanmēĸtēr. Su kētlēĵēna karĸē geleneksel ­ºz¿mlerden kullanēlmaktansa 

­ok daha yenilik­i ve doĵaya yºnelik ­ºz¿mler ¿retilmeye baĸlanmēĸtēr. Bu ­ºz¿mlerden biri de 

doĵa temelli ­ºz¿mlerdir (Possantti vd.,2022). Doĵa temelli ­ºz¿mler, ¢evresel, biyolojik 

­eĸitliliĵi ve sosyal zorluklarē ele alarak doĵayē korumayē, yºnetmeyi ve geliĸtirmeyi 

ama­lamēĸtēr (Ordonez,2021). Ķlk baĸlarda genel olarak tarēm ve su yºnetimi gibi konulara 

yºnelik anlayēĸ i­in ­ēkmēĸ olsa da son zamanlarda iklim deĵiĸikliĵiyle m¿cadele i­in ºnemli bir 

ara­ haline gelmiĸtir (Uncu,2021). Doĵa temelli ­ºz¿mler ile iklim deĵiĸikliĵi kaynaklē 

sorunlarēn %30ôunun giderilebileceĵi ºngºr¿lm¿ĸt¿r. 

Doĵa temelli ­ºz¿mler tarafēndan ele alēnabilecek dºrt temel hedefi ĸu ĸekilde sēralayabiliriz ; 

1. Ekonomik b¿y¿meyi teĸvik etmek ve aynē zamanda ­evreyi iyileĸtirmek, ĸehirleri daha 

­ekici kēlmak ve insan refahēnē arttērmak i­in doĵa temelli ­ºz¿mler aracēlēĵēyla 

s¿rd¿r¿lebilir kentleĸmeyi geliĸtirmek. 

2. Diren­lerini arttērmak i­in doĵa temelli ­ºz¿mleri kullanarak bozulmuĸ ekosistemi 

restore etmek, hayati hizmetler sunmalarēnē ve diĵer toplumsal zorluklara dayanmalarēnē 

saĵlamak. 

3. Daha dayanēklē tepkiler saĵlamak ve karbon depolarēnē arttērmak i­in doĵa temelli 

­ºz¿mler kullanarak iklim deĵiĸikline uyum ve azaltma stratejileri geliĸtirmek 

(Fink,2016). 
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4. Geleneksel yºntemlerden daha fazla fayda saĵlamak ve ­oklu riskleri azaltmada sinerji 

sunmak i­in doĵa temelli ­ºz¿mler kullanarak ­evresel risk yºnetimini ve esnekliĵi 

geliĸtirmek (Lafortezzzaa ve ark.,2018). 

Genel ­er­evesine bakēldēĵēnda ķekil 6ôda verildiĵi gibi doĵa temelli ­ºz¿mler, ekosistemi 

koruma, restorasyon ve s¿rd¿r¿lebilir yºnetim yoluyla insan refahē ihtiya­larēnē ve biyo­eĸitlilik 

faydalarēnē aynē anda destekler (IUCN,2019). 

 

ķekil 8:Doĵa Temelli ¢ºz¿mlerin Genel ¢er­evesi (IUCN,2019) 

Doĵa temelli ­ºz¿mlerin uygulama d¿zeyinde genel olarak iklim deĵiĸikliĵi ºn plana ­ēkmēĸtēr. 

Ķklim deĵiĸikliĵinin etkilerine karĸē alēnan ºnlemler arasēnda beton aĵērlēklē gri altyapēya 

dayanan m¿dahalelerin yerine yeĸil altyapē uygulamalarēnēn kullanēlmasē alēnan alternatif 

ºnlemler arasēndadēr. Buna ºrnek vermek gerekirse, deniz seviyesinde oluĸan y¿kselmelere 

karĸē kēyē ĸeridine duvar yapma, baraj ve su boĸaltēm sistemleri yapmak yerine deniz 

ekosisteminin de bir par­asē olan mangrovlarē ve resifleri korumak ve onarmak alēnabilecek 

doĵa temelli ­ºz¿mlerden biridir (Uncu, 2021). 

Doĵa temelli ­ºz¿mleri belirlemek i­in yedi aĸamalē s¿re­ vardēr. Bunlar; 

i. Ele alēnacak sorunun belirlenmesi  

ii. Hangi doĵa temelli ­ºz¿mlerin uygulanabilecek olduĵunun deĵerlendirilmesi 

iii.  Doĵa temelli ­ºz¿mlerin uygulama s¿re­lerini tasarlamak 

iv. Doĵa temelli ­ºz¿m¿ uygulama aĸamasē 

v. Paydaĸlarē sēk sēk bir araya getirip ortak faydalarē iletmek 

vi. Doĵa temelli ­ºz¿m¿n aktarēlmasē ve y¿kseltilmesi 

vii.  Ķzleme ve ortak faydanēn deĵerlendirilmesi aĸamasē (Calliari ve ark.,2019). 
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Kentsel Doĵa Atlasôēna gºre toplumsal sorunlar (Naturvation, 2020); 

i. Su yºnetimi 

ii. Saĵlēk ve konfor 

iii.  Yeĸil alan ve biyo­eĸitlilik 

iv. ¢evre kalitesi 

v. Uyum, dayanēklēlēk  

vi. Arazi kullanēmē  

vii.  S¿rd¿r¿lebilir t¿ketim 

Bu toplumsal orunlara gºre alēnabilecek doĵa temelli ­ºz¿m ºnerileri ise (Naturvation,2020); 

1. Yeĸil binalar 

2. Yeĸil i­eren gri altyapē tesisleri 

3. Topluluk bah­eleri 

4. Parklar ve kent ormanlarē 

5. Kapalē yeĸil alanlar 

6. Mavi altyapē 

Doĵa temelli ­ºz¿mlerin sēnēflandērēlmasēnda yer alan ¿­ tip tipoloji aĸaĵēda ķekil 7ôde 

gºsterilmiĸtir (Cohen-Shacham ve ark.,2016). 
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ķekil 9:Doĵaya Dayalē ¢ºz¿mlerin Sēnēflandērēlmasē (Cohen-Shacham ve ark.,2016) 

Tip 1 Tipolojisi 

Tip 1 tipolojisinde doĵal kaynaklarēn kullanēmēnē ve korunmasēnē iyileĸtirmek i­in doĵa temelli 

­ºz¿mler vardēr. Tip 1 tipolojisinde sistemlerin kendilerine m¿dahaleyi en aza indirerek mevcut 

ekosistemi en iyi ĸekilde kullanmak ama­lanmēĸtēr (Potschin ve ark., 2016). ¥rneĵin, bir gēdayē 

geliĸtirmek i­in bozulmamēĸ bir sulak alanda balēk stoklarēnē artērmaya yºnelik ºnlemlerin 

alēnmasē (Cohen-Shacham ve ark.,2016). 

Tip 2 Tipolojisi 

Tip 2 tipolojisi yºnetilen ekosistemin s¿rd¿r¿lebilirliĵini veya iĸlevini geliĸtirmeye dayalē 

­ºz¿mlerdir (Potschin ve ark.,2016). ¥rneĵin yoksulluĵun azalmasēnē desteklemek i­in ticari 

aĵa­ t¿rlerine dayalē geleneksel tarēmsal ormancēlēk sistemlerinin yeniden kurulmasē (Cohen-

Shacham ve ark.,2016). 

Tip 3 Tipolojisi 

Tip 3 tipolojisinde yeni oluĸturulan ekosistemlerin tasarēmē ve yºnetimine dayalē ­ºz¿mlerdir 

(Potschin ve ark.,2016). Mavi ve yeĸil altyapē ve ekolojik m¿hendislik gibi terimler, zaman 

zaman birbirinin yerinde kullanēlmēĸtēr (Sarabi ve ark.,2019). Yeĸil binalarēn oluĸturulmasē buna 

ºrnek olarak verilebilir (Cohen-Shacham ve ark.,2016). 
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2.2. D¿nyaôda ve T¿rkiyeôde Uygulanan Doĵa Temelli ¢ºz¿mler 

IUCN (2016), doĵa temelli ­ºz¿mlerden bahsederken sosyal zorluklarēn ¿stesinden gelirken 

aynē zamanda biyo­eĸitliliĵin yararēna olacak ĸekilde insanlarēn refahēnē gºz ºn¿ne alarak 

doĵayē ºn planda tutan s¿rd¿r¿lebilir bir yaklaĸēm olduĵunu savunmuĸtur. (Cohen-Shacham vd., 

2016). Biyo­eĸitlilik doĵa temelli ­ºz¿mlerdeki s¿re­lerin yºnetilmesinde b¿y¿k ºnem taĸēr. 

Bir diĵer tanēmda ise, doĵa temelli ­ºz¿mleri, toplumsal sorunlarē ele alērken doĵanēn daha 

verimli nasēl kullanēlacaĵēndan ilham alan ve tasarēm konusunda doĵayē esas alan yaklaĸēm 

olduĵundan bahsetmektedir. 

2.2.1. Afrikaôda Uygulanan Kum Barajlarē 

Afrikaôda yapēlan bir ­alēĸmada mevsimsel akan nehirlerde gºr¿len su depolama sorununun 

doĵa temelli ­ºz¿mler kullanēlarak ­ºz¿lmesi ama­lanmēĸtēr. Bu ­alēĸma kapsamēnda, nehirlerin 

akēĸta olduĵu dºnemlerde y¿zeyden akan sular sēĵ yeraltē suyu rezervuarlarēna yºnlendirilerek 

doldurulmakta ve kurak mevsim geldiĵinde ­eĸitli basit ara­lar kullanēlarak depolanan sular 

oluĸturulan bu al¿vyal akiferden ­ekilerek tarēmsal ama­lar i­in kullanēlmaktadēr. Ancak 

Afrikaônēn bir­ok bºlgesinde y¿ksek depolama potansiyeline raĵmen bu yºntem ile yeterince su 

­ekilememektedir. Bu soruna ­ºz¿m olarak sulama gereken alanlar i­in kum barajlarē oluĸturma 

tekniĵi kullanēlmēĸtēr. ķekil 8ôde gºsterildiĵi gibi kum barajlarē, nehirlerdeki tortu kalēnlēĵēnē 

y¿kselterek depolanan su hacmini ve suya eriĸilebilirliĵi g¿neĸ enerjili pompalar kullanarak 

arttērmaktadēr (WWDR, 2018). 

  

ķekil 10:Bir Kum Barajēnēn ķemasē (WWDR, 2018) 

2.2.2. Madagaskarôda Uygulanan Pirin­ Yoĵunlaĸtērma Sistemi 

Yapēlan baĸka bir ­alēĸma ise Madagaskarôda uygulanan daha az su kullanarak daha fazla pirin­ 

verimi elde edilen pirin­ yoĵunlaĸtērma sistemidir. Pirin­ ¿retimi i­in ­ok fazla suya ihtiya­ 

vardēr. Pirin­ yoĵunlaĸtērma sisteminin amacē, s¿rekli olarak su basmayan suyu tutma 

yºntemiyle suyun s¿rekli doymuĸ ĸekilde kalmasēnē saĵlamaktēr. ķekil 9ôda verildiĵi gibi 

Madagaskarôdaki pirin­ tarlasēnda yapēlan bu ­alēĸma uluslararasēnda doĵa temelli ­ºz¿mler 

kapsamēnda ºnemli bir ­alēĸma olmuĸtur. (Kassam vd.,2011). Pirin­ yoĵunlaĸtērma sistemi, yeni 

­eĸitlerin tanētēlmasēna veya her zamankinden daha fazla ­eltik kullanēlmasēna dayanmak yerine, 
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standart mahsul ve su yºnetimi uygulamalarēndaki deĵiĸikliklere dayalē olarak, topraklarēn 

ekolojik ve hidrolojik iĸleyiĸinin yeniden kurulmasēnē i­eren bir yaklaĸēmdēr. Pirin­ 

yoĵunlaĸtērma sistemi sadece pirin­ verimliliĵi deĵil aynē zamanda azot ve su kullanēmē 

verimliliĵinde de etkisi olduk­a fazladēr. Metan emisyonundaki azalma sonucunda topraktaki 

anaerobik koĸullardan aerobik koĸullara ge­iĸin sonucunda sera gazē emisyonlarēnda da azalma 

sºz konusudur. Bu ­alēĸma sonucunda kurak bºlgelerde de pirin­ yoĵunlaĸtērma sistemi 

uygulanarak nem tasarrufu saĵlayarak pirin­ ¿retimi yapēlabilir olduĵu gºr¿lmektedir. 

 

ķekil 11: Madagaskar Pirin­ Tarlasē (Nereye Dergisi,2019) 

 

2.2.3. ¢inôde Uygulanan S¿nger ķehir Projesi 

BM tarafēndan yayēnlanan S¿rd¿r¿lebilir Kalkēnma Ķ­in 2030 G¿ndemi mavi-yeĸil altyapēyla 

insan-su iliĸkisinin ºnemini vurgulamaktadēr. Yeĸil altyapēlarē unsurlarē olarak yaĵmur suyu 

toplama sistemleri, yaĵmur bah­eleri, ge­irgen kaldērēmlar, yeĸil ­atēlar ve bioswales 

kullanēlabilmektedir (¢ºmez,2020). Yeĸil binalar doĵa temelli ­ºz¿mler kapsamēnda yeni 

geliĸmekte olan bir yaklaĸēmdēr. ¢inôde ķekil 10ôda gºsterildiĵi gibi ós¿nger ĸehirô konseptiyle 

yeĸil altyapē kullanēlarak su durumunu iyileĸtirmek ama­lanmēĸtēr (WWDR,2018). Bu proje 

kapsamēnda yaĵmur suyunun %70ôinin tutulmasē, depolanmasē ve arētēldēktan sonra yeniden 

kullanēlmasē hedeflenmiĸtir. S¿nger ĸehir konseptinde yeĸil ­atēlar, bioswales ve ge­irimli 

kaldērēmlardan faydalanēlmēĸtēr (Embassy of the Kingdom of the Netherlands,2016). 
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ķekil 12:¢in'deki S¿nger ķehir Konsepti (WWDR,2018) 

2.2.4. Ispartaôda Uygulanan Ge­irimli Beton Sistemi 

Yaĵmur suyu depolama uygulamasē kapsamēnda Isparta ¢evre, ķehircilik ve Ķklim Deĵiĸikliĵi Ķl 

M¿d¿rl¿ĵ¿ Binasēnda ge­irimli beton sistemi kurulmuĸtur. Yapēlan sistemde yaĵmur suyunun 

ķekil 11ôde gºsterildiĵi gibi ge­irimli beton sayesinde akēĸa ge­en yaĵmur sularēnē geri 

dºn¿ĸ¿m tanklarē i­erisinde toplanmasē ama­lanmēĸtēr. Daha sonrasēnda ķekil 12ôde gºsterilen 

yaĵmur suyu depolama tankēnda biriken sularla ara­larēn yēkanmasēnda, bah­e sulamasēnda 

kullanēlmasē planlanmēĸtēr (Isparta Valiliĵi ¢evre, ķehircilik ve Ķklim Deĵiĸikliĵi Ķl 

M¿d¿rl¿ĵ¿,2021). 

 

ķekil 13:Isparta'da Uygulanan Ge­irimli Beton Uygulamasē (Isparta Valiliĵi ¢evre, ķehircilik 

ve Ķklim Deĵiĸikliĵi Ķl M¿d¿rl¿ĵ¿,2021) 
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ķekil 14:Isparta'da Uygulanan Ge­irimli Beton Uygulamasēnēn Yaĵmur Suyu Deposu (Isparta 

Valiliĵi ¢evre, ķehircilik ve Ķklim Deĵiĸikliĵi Ķl M¿d¿rl¿ĵ¿,2021) 

 

Sonu­ 

D¿nyaôda ve ¿lkemizde yaĸanan iklim deĵiĸikliĵiyle birlikte su kētlēĵē sorunu ortaya ­ēkmēĸtēr. 

Su kētlēĵēna karĸē alēnmasē gereken ºnlemler arasēnda daha yenilik­i olan doĵa temelli ­ºz¿mler 

kullanēlmaya baĸlanmasē gerekmektedir. Yapēlan ­alēĸmalar incelendiĵinde doĵa temelli 

­ºz¿mlerin ekonomik b¿y¿meye katkē saĵlayēp ­evreyi iyileĸtirmek, ĸehri daha ­ekici kēlmak 

i­in s¿rd¿r¿lebilir kentleĸmeyi oluĸturmak, karbon depolarēnē arttērmak i­in doĵa temelli 

­ºz¿mler kullanēlarak iklim deĵiĸikliĵine uyum stratejisi geliĸtirmek ve son olarak geleneksel 

yºntemlerden daha fazla fayda saĵlamak ve ­oklu riskleri azaltmak i­in ­evresel risk yºnetimini 

azaltmak i­in doĵa temelli ­ºz¿mler kullanarak ­evresel riski yºnetmek olduĵu gºr¿lm¿ĸt¿r. 

Sonu­ olarak, iklim deĵiĸikliĵine karĸē alēnan ºnlemler arasēnda beton aĵērlēklē gri altyapēya 

dayanan m¿dahaleler yerine daha ­ok doĵayē esas alan ­alēĸmalarēn yapēlmasē gerekliliĵi ortaya 

konmuĸtur. 
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Abstract: The temporal and spatial evolution of heterogeneous subsurface 

structures in the Anatolian Plateau in which located in the Alpine-Himalayan 

orogenic belt have been subject to many studies in Earth Sciences. However, upper 

mantle induced active dynamic forces that might affect the present-day topography 

and tectonics in the region are still debated. This study focuses on an integrated 

analysis of the geodynamic features of the Anatolian Plateau. For this aim, we 

conduct 3-dimensional (3D) thermomechanical numerical models by considering a 

series of geophysical and geological observations and laboratory experiments to 

set model parameters such as, rheology, temperature, and density. In addition, we 

analyze non-isostatic components of the observed topography based on the 

principle of crustal isostasy and long wavelength gravity data. Our modelsô 

estimations are presented here as mantle convection vectors and dynamic 

topography on the plateau with different model configurations (i.e., temperature, 

density etc.). We interpret preliminary findings together with independent datasets 

imaging crustal (e.g., partial melting, surface heat flows, magmatism) and 

lithospheric scale structures that can also be associated with near and far field 

deformation processes. Our results suggest that dynamic forces in the upper 

mantle play an important role in the present-day topography and tectonism of the 

Anatolian Plateau. 
 

Keywords: geodynamics, Anatolia, thermomechanical model, Earth Sciences 
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¥zet: Bu ­alēĸma ile bir otomotiv yan sanayi firmasēnda ¿retilen aydēnlatma 

par­alarēnēn plastik enjeksiyon proses parametrelerinin iyileĸtirilmesi 

ama­lanmēĸtēr. Par­alarda enjeksiyon sonrasē oluĸan sararma ve mavileĸme kalite 

problemlerinin ºn¿ne ge­ebilmek amacēyla yaygēn olarak kullanēlan deney 

tasarēmē yºntemlerinden biri olan Taguchi metodundan faydalanēlmēĸtēr. ¦t¿leme 

zamanē, ¿t¿leme basēncē, soĵuma zamanē, kalēp y¿zey sēcaklēĵē, ocak sēcaklēĵē, 

enjeksiyon hēzē ve manifold sēcaklēĵē olmak ¿zere 7 faktºr ele alēnmēĸtēr. Taguchi 

L27 ortogonal dizisi kullanēlarak deneyler oluĸturulmuĸ, renk farkē ¿zerindeki 

deĵiĸim optik k¿re ºl­¿m cihazē ile ºl­¿lm¿ĸt¿r. Taguchi ile yapēlan eniyileme ve 

devamēnda doĵrulama deneyleri sonucunda, par­alar ¿zerinde renk deĵiĸimini en 

aza indiren optimum faktºr deĵerlerine ulaĸēldēĵē gºr¿lm¿ĸt¿r. 
 

Anahtar Kelimeler: Plastik enjeksiyon, Taguchi, deney tasarēmē, optimizasyon. 

 

 

Giriĸ 

Plastik enjeksiyon g¿n¿m¿zde prosesin seri imalata olduk­a uygun olmasē ve kompleks 

par­alarēn basēlabilmesi ile ºzellikle otomotiv sektºr¿nde ara­larēn plastik aksamlarēnēn imal 

edilmesinde ºnemli yeri olan bir uygulamadēr.  

Literat¿rde enjeksiyon sonrasē plastik par­alarda meydana gelen kalite hatalarēnēn azaltēlmasēna 

yºnelik farklē ­alēĸmalar bulunmaktadēr. Chen ve ark. (1997), Taguchi metodu kullanarak 

enjeksiyonla kalēplanmēĸ otomobil tamponunun y¿zeyindeki damarlanmayē L12 ortogonal 

dizisini kullanarak elimine etmeye ­alēĸmēĸlardēr. Chang ve Faison (2001), ­alēĸmalarēnda 

Taguchi deney tasarēmē yºntemini kullanarak plastik enjeksiyon sērasēnda par­ada meydana 

gelen ­arpēlma problemini farklē s¿re­ koĸullarē altēnda ¿­ ayrē polimer malzemeyi kullanarak 

incelemiĸlerdir. Kayē (2006), enjeksiyondan ­ēkan polistiren ve polietilen malzemeye sahip 

par­alarēn, belirlenmiĸ proses parametreleri altēnda meydana gelen ­ekme probleminin minimize 

edilmesini 6 faktºrl¿ deney tasarēmē ile belirlemeye ­alēĸmēĸtēr. Oktem ve ark. (2007), ince 

cidarlē plastik par­ada meydana gelen ­arpēlma ve ­ekme durumunu azaltmak i­in Taguchi 

metodundan faydalanarak ¿r¿n hatalarēnē optimize etmeye ­alēĸmēĸlardēr. Kamber (2008), 

plastik enjeksiyon makinelerindeki kalite hatalarēnēn sebebinin kalēbēn ­evre koĸullarē ve ºl­me 

cihazlarēndaki hassasiyetlerden yola ­ēkarak, enjeksiyon makinesi kalēp basma 

parametrelerinden olan basēn­, sēcaklēk ve zaman deĵerlerinin optimizasyonunu saĵlamēĸtēr. 

Altan (2009), Taguchi, Anova ve yapay sinir aĵlarē ile yapēlan analizler sonucunda 

deĵiĸkenlerin optimum deĵerine ulaĸmēĸtēr. ¢alēĸma sonunda, en ºnemli parametrelerin 

polipropilen (PP) i­in ¿t¿leme basēncē, polistilen (PS) i­in erime sēcaklēĵē olduĵuna; enjeksiyon 

basēncē girdi faktºr¿n¿n her iki komponentin b¿z¿lmesi ¿zerinde en az etkisi olduĵu sonucuna 
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ulaĸmēĸtēr. Erdem ve ark. (2010), Taguchi metodu kullanarak plastik par­alarēn ¿retiminde etkili 

olan farklē ¿r¿n tasarēmē, giriĸ sayēsē, giriĸ ºl­¿s¿, yolluk tasarēmē parametreleri ile ¿r¿nde 

oluĸan ­arpēlmanēn en aza indirilmesini ama­lamēĸlardēr. Mehat ve Kamuruddin (2011), geri 

dºn¿ĸt¿r¿lm¿ĸ plastik par­alarēn mekanik ºzellikleri ¿zerindeki enjeksiyon kalēplama 

parametrelerinin etkilerini araĸtērmēĸlardēr. Azaman ve ark. (2013), lignosel¿lozik polimerin d¿z 

veya dēĸ b¿key olarak ince cidarlē par­anēn kalēplanmasē ¿zerinde ­alēĸmēĸlardēr. ¢alēĸma 

sonucunda malzemenin basēldēktan sonraki davranēĸē incelenerek optimum parametrelere karar 

verilmiĸtir. ¥nal (2021), plastik enjeksiyon kalēplama tekniĵi ile imal edilen fērēn d¿ĵmesi i­ 

gºbek par­asēnēn ­ekme probleminin minimizasyonu i­in Taguchi metodu ile analiz yapmēĸtēr. 

T¿rkan (2021), plastik enjeksiyon par­asēnēn soĵutma iĸlemi esnasēnda meydana gelebilecek 

­atlak ve gerilme riskine karĸē soĵuma s¿recinin optimizasyonunu incelemiĸtir. Lin ve Chen 

(2021), optik sistemlerde kullanēlan plastik ¿r¿nlerin yuvarlaklēĵē ve eĸ merkezliliĵindeki 

bozulmalarēn minimuma indirilmesi i­in Taguchi metodunu kullanarak enjeksiyon 

parametrelerinin optimizasyonu ¿zerinde ­alēĸmēĸlardēr. Taĸgēn ve Gºkkoru (2021), farklē 

ºzelliklerdeki malzemelerin, plastik enjeksiyon makineleri ile imalatē sērasēnda ortaya 

­ēkabilecek imalat hatalarēnēn daha ºnce tespit edilerek, hēzlē ve doĵru yºntemin belirlenmesi ve 

hatalarēn minimuma indirgenmesi ¿zerine ­alēĸmēĸlardēr. Karaoĵlan ve Baydeniz (2022), 

otomotiv aydēnlatma par­alarēndaki hatalē enjeksiyon gºr¿nt¿lerini ve par­a kopmalarēnē 

minimize edebilmek i­in Taguchi deney tasarēmē yºnteminden faydalanarak kalēp basma 

parametrelerinin optimizasyonunu ¿zerine ­alēĸmēĸtēr. Girdi deĵiĸkeni olarak ocak sēcaklēĵē, 

enjeksiyon hēzē, ¿t¿leme basēncē, mal alma zamanē ve ¿t¿leme basēncē faktºrlerini ele almēĸ; 

­ēktē deĵiĸeni olarak ¿r¿n aĵērlēĵēnē ºl­m¿ĸlerdir.  

Bu ­alēĸmada ise literat¿rdeki ­alēĸmalardan farklē olarak plastik enjeksiyon s¿recinde ¿t¿leme 

zamanē, ¿t¿leme basēncē, soĵuma zamanē, kalēp y¿zey sēcaklēĵē, ocak sēcaklēĵē, enjeksiyon hēzē 

ve manifold sēcaklēĵē faktºrlerine ele alēnmēĸ ve ­ēktē olarak da par­alar ¿zerindeki renk 

deĵiĸimi ele alēnmēĸtēr. Ama­ renk deĵiĸimini minimize etmektir. Ķzleyen bºl¿mlerde sērasēyla 

deney tasarēmēna iliĸkin materyal ve metod, deneysel ­alēĸma ve sonu­lar verilmiĸtir. 

Deney Tasarēmē ve Taguchi Metodu 

Deney tasarēmē konusunda literat¿rde yaygēn olarak kullanēlan yºntemler; yanēt y¿zey yºntemi, 

faktºriyel tasarēm ve Taguchi metodudur. Yanēt y¿zey yºnteminde lineer, karesel ve ikili 

etkileĸim terimlerinin kombinasyonlarēnē ve/veya hepsini i­eren regresyon denklemleri kurulur. 

Faktºrler diĵer yºntemlerden farklē olarak, sadece nicel ve s¿rekli deĵiĸkenlerden oluĸabilir. 

Faktºrlerin ara seviye deĵerleri ile birlikte optimum deĵerlerine ulaĸmak i­in hesaplamalar 

yapēlēr. Diĵer yºntemlere gºre nispeten daha fazla deney gerektirir. Diĵer yaygēn bir yºntem 

olan faktºriyel tasarēm metodunda parametreler nicel (s¿rekli deĵiĸken) veya nitel (kesikli 

deĵiĸken) olabilir. Deney tasarlanērken her faktºr 2 seviyeli olarak ele alēnēr lineer ve etkileĸim 

terimlerini i­eren regresyon denklemleri kullanēlarak matematiksel modelleme yapēlēr. Taguchi 

metodu ise matematiksel modele sahip deĵildir, diĵer yºntemler gibi bir regresyon denklemi 

kullanmaz. Az deney sayēsē ile S/N oranēnē yani kontrol edilebilir faktºrlerin kontrol edilemeyen 

faktºrlere oranēnē hesaplar. Optimum sonu­ yerine optimumuma en yakēn sonu­ verir 

(Montgomery, 2008; Roy, 2011, ķirvancē, 1997). 
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Deney Verileri  

Bu ­alēĸma, otomotiv aydēnlatma sistemine ait olan ķekil 1ôde ºrneĵi belirtilmiĸ ēĸēk t¿p¿ 

par­asēnēn plastik enjeksiyon kalēbēndan ­ēkarēldēktan sonra ¿r¿nde meydana gelen kalite 

problemine ­ºz¿m getirmek i­in ger­ekleĸtirilmiĸtir. Par­anēn plastik enjeksiyon ile ¿retimi 

sonrasē optik k¿re ºl­¿m cihazē ile renk ºl­¿mleri yapēldēĵēnda, renk ile ilgili kalite 

problemlerinin olduĵu gºr¿lm¿ĸt¿r.  

 

ķekil 1. Iĸēk t¿p¿ gºrsel muayene fikst¿r¿ 

Plastik enjeksiyon makinesinden ­ēkan ēĸēk t¿p¿ aydēnlatma par­asēnēn standartlara gºre istenen 

kalite d¿zeyini yakalamasē i­in par­ada enjeksiyon sonrasē renk uyumsuzluklarē meydana 

gelmemesi istenmektedir. M¿ĸteri tarafēndan iletilen renk toleranslarēnda belirtilen ºl­¿m 

skalasēna par­a uyum saĵlamalēdēr. ¥l­¿mler ķekil 2ôde belirtilen optik k¿re cihazē (Ulbricht) 

ile yapēlmaktadēr. ¥l­¿m cihazē ile ºl­¿len sararma æx ile ifade edilirken; mavileĸme ise æy ile 

ifade edilmektedir. Bu deĵerler par­a renginin hangi seviyede olduĵunu gºstermektedir. Her bir 

par­a i­in belirlenmiĸ olan deĵer aralēklarēna gºre ºl­¿m sonu­larēnēn kēyaslamasē yapēlmaktadēr 

Kalite probleminin ­ºz¿m¿ne yºnelik olarak, ºncelikle proses parametreleri (faktºrler) ve her 

faktºr i­in seviyeler belirlenmiĸtir. Bu ­alēĸmada ele alēnan faktºrler ve seviyeleri aĸaĵēda Tablo 

1ôde gºsterilmiĸtir. 

Tablo 1. Deneylerde kullanēlan faktºrler ve seviyeleri 

CŀƪǘǀǊƭŜǊ Seviye 1 Seviye 2 Seviye 3 

¦t¿leme zamanē (s) 3 5 7 
¦t¿leme basēncē (bar) 380 530 680 
Soĵuma zamanē (s) 20 25 30 

Kalēp y¿zey sēcaklēĵē (ÁC) 105 115 125 
Ocak sēcaklēĵē (ÁC) 242 250 255 
Enjeksiyon hēzē (s) 2,8 3,8 4,8 
Manifold sēcaklēĵē (ÁC) 240 250 260 
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ķekil 2. Iĸēk t¿p¿ Ulbricht ºl­¿m ekipmanē 

 

Tablodaki faktºrler i­in Minitab istatistiksel analiz programē kullanēlarak deney tasarlanmēĸ ve 

belirlenen 7 adet her biri 3 seviyeli enjeksiyon s¿re­ parametreleri i­in Taguchi L27 ortogonal 

dizisi kullanēlmēĸtēr. ¥l­¿mler optik k¿re ºl­¿m cihazē ile yapēlmēĸ bunun ­ēktēsē olarak æx ve 

æy deĵerleri iĸlenen verilerden elde edilmiĸtir. Ķstenilen ¿r¿n kalitesine ulaĸabilmek i­in æx ve 

æy deĵerlerinin minimum olmasē istenmektedir. L27 ortogonal dizisi ile oluĸturulmuĸ deney 

tasarēmē ve ºl­¿len sonu­lar aĸaĵēda Tablo 2ôde verildiĵi gibidir.  
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Tablo 2. Deney sonu­larē 

Deney 
No 

«ǘǸƭŜƳŜ 
½ŀƳŀƴƤ 

(s) 

«ǘǸƭŜƳŜ 
.ŀǎƤƴŎƤ 
(bar) 

{ƻƐǳƳŀ 
½ŀƳŀƴƤ 

(s) 

YŀƭƤǇ 
¸ǸȊŜȅ 
{ƤŎŀƪƭƤƐƤ 
όϲ/ύ 

Ocak 
{ƤŎŀƪƭƤƐƤ 
όϲ/ύ 

Enjeksiyon 
IƤȊƤ 

(m/s) 

Manifold 
{ƤŎŀƪƭƤƐƤ 
όϲ/ύ 

Sararma  

(æx) 

aŀǾƛƭŜǒƳŜ 

(æy) 

1 3 380 20 105 242 2,8 240 0,02340 0,0362 

2 3 380 20 105 250 3,8 250 0,02560 0,0404 

3 3 380 20 105 255 4,8 260 0,02680 0,0426 

4 3 530 25 115 242 2,8 240 0,02270 0,036 

5 3 530 25 115 250 3,8 250 0,02470 0,0391 

6 3 530 25 115 255 4,8 260 0,02640 0,0421 

7 3 680 30 125 242 2,8 240 0,02440 0,0386 

8 3 680 30 125 250 3,8 250 0,02410 0,038 

9 3 680 30 125 255 4,8 260 0,02740 0,0438 

10 5 380 25 125 242 3,8 260 0,02550 0,0402 

11 5 380 25 125 250 4,8 240 0,02260 0,0356 

12 5 380 25 125 255 2,8 250 0,02700 0,0426 

13 5 530 30 105 242 3,8 260 0,02350 0,0366 

14 5 530 30 105 250 4,8 240 0,02410 0,0382 

15 5 530 30 105 255 2,8 250 0,02570 0,0407 

16 5 680 20 115 242 3,8 260 0,02450 0,0388 

17 5 680 20 115 250 4,8 240 0,02340 0,037 

18 5 680 20 115 255 2,8 250 0,02210 0,0349 

19 7 380 30 115 242 4,8 250 0,02210 0,0349 

20 7 380 30 115 250 2,8 260 0,02560 0,0401 

21 7 380 30 115 255 3,8 240 0,02440 0,0387 

22 7 530 20 125 242 4,8 250 0,02400 0,0376 

23 7 530 20 125 250 2,8 260 0,02590 0,0406 

24 7 530 20 125 255 3,8 240 0,02520 0,0396 

25 7 680 25 105 242 4,8 250 0,02560 0,0405 

26 7 680 25 105 250 2,8 260 0,03160 0,0502 

27 7 680 25 105 255 3,8 240 0,02700 0,0426 
 

Deneyler sonunda ºl­¿len deĵerler kullanēlarak Minitab programē yardēmēyla Taguchi analizi 

yapēlmēĸtēr. Taguchi analizi Minitab programēnda ñsmaller is betterôô se­eneĵine gºre 

yapēlmēĸtēr. Analiz sonunda elde edilen S/N grafiĵi aĸaĵēda ķekil 3ôte verilmiĸtir. S/N grafiĵi 

¿zerinde her faktºr i­in maksimum faktºr seviyeleri se­ilerek optimum faktºr seviyelerine 

ulaĸēlmēĸtēr. Yapēlan iki ayrē analiz sonucunda mavileĸme ve sararma i­in en iyi noktalarēn aynē 

kalēp basma deĵerleri olduĵu gºzlemlenmiĸtir.  
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 Ŝƪƛƭ 3. {κb DǊŀŦƛƐƛ 
 

ķekil 3ôte verilen S/N grafiĵinden alēnan sonu­lara gºre sararma ve mavileĸmeyi d¿ĸ¿rerek ¿r¿n 

kalitesini arttēracak optimum s¿re­ parametre deĵerleri: ¿t¿leme zamanē= 5 saniye, ¿t¿leme 

basēncē= 530 bar, soĵuma zamanē= 20 saniye, kalēp y¿zey sēcaklēĵē= 115ÁC, ocak sēcaklēĵē= 

242ÁC, enjeksiyon hēzē= 4,8 m/s, manifold sēcaklēĵē= 240ÁC, olarak belirlenmiĸtir. Deneylerde 

ele alēnan faktºrlerin yanēt deĵiĸkeni ¿zerindeki etkisinin ºnem sērasē ise aĸaĵēda ķekil 4ôde 

verildiĵi gibidir. Buna gºre faktºrler en etkiliden en etkisize doĵru: manifold sēcaklēĵē, kalēp 

y¿zey sēcaklēĵē, ocak sēcaklēĵē, ¿t¿leme zamanē, soĵuma zamanē, ¿t¿leme basēncē ve enjeksiyon 

hēzē olarak sēralanmaktadēr.  

 
ķekil 4. Minitab rank deĵerleri raporu  

 

Belirlenen optimum faktºr seviyeleri i­in 5 adet doĵrulama deneyi yapēlmēĸtēr. Doĵrulama 

deneylerinin sonu­larē aĸaĵēda Tablo 3ôte verildiĵi gibidir.   

 

 

 

 

 

 



 INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) 

 

78  
Proceedings Book  

 

Tablo 3. Doĵrulama deneyi 

Deney 
No 

«ǘǸƭŜƳŜ 
½ŀƳŀƴƤ 

(s) 

«ǘǸƭŜƳŜ 
.ŀǎƤƴŎƤ 
(bar) 

{ƻƐǳƳŀ 
½ŀƳŀƴƤ 

(s) 

YŀƭƤǇ 
¸ǸȊŜȅ 
{ƤŎŀƪƭƤƐƤ 
όϲ/ύ 

Ocak 
{ƤŎŀƪƭƤƐƤ 
όϲ/ύ 

Enjeksiyon 
IƤȊƤ 

(m/s) 

Manifold 
{ƤŎŀƪƭƤƐƤ 
όϲ/ύ 

Sararma  
(æx) 

aŀǾƛƭŜǒƳŜ 
(æy) 

1 5 530 20 115 242 4,8 240 0,02052 0,03139 

2 5 530 20 115 242 4,8 240 0,02059 0,02753 

3 5 530 20 115 242 4,8 240 0,02035 0,02786 

4 5 530 20 115 242 4,8 240 0,02059 0,02703 

5 5 530 20 115 242 4,8 240 0,02193 0,02886 

 

Deneyler sonucunda elde edilen renk deĵeri ortalamasēnēn sararma ve mavileĸme i­in sērasēyla 

0,02080 ve 0,02853 olduĵu belirlenmiĸtir. Doĵrulama deneyi sonucu gºstermektedir ki, 

Taguchi analizi ile yapēlan optimizasyon sonunda istenilen renk dalga boylarēnēn 

iyileĸtirilmiĸtir. 

Sonu­ 

Bu ­alēĸmada bir otomotiv yan sanayi firmasēnēn plastik enjeksiyon s¿reci ile ¿rettiĵi 

aydēnlatma par­alarēnda gºzlenen kalite probleminin ºn¿ne ge­ebilmek amacēyla Taguchi 

metodundan yararlanēlmēĸtēr. Girdi faktºr¿ olarak ¿t¿leme zamanē, ¿t¿leme basēncē, soĵuma 

zamanē, kalēp y¿zey sēcaklēĵē, ocak sēcaklēĵē, enjeksiyon hēzē ve manifold sēcaklēĵē 

kullanēlmēĸtēr. ¥l­¿len ­ēktē parametreleri ise sararma ve mavileĸmedir ve her ikisinin de 

minimum olmasē hedeflenmektedir. Deneysel ­alēĸma kapsamēnda L27 ortogonal dizisi 

kullanēlarak 27 adet deney ger­ekleĸtirilmiĸ ve aydēnlatma par­alarēndaki renk deĵiĸimini 

minimize edecek faktºr seviyeleri: ¿t¿leme zamanē= 5 saniye, ¿t¿leme basēncē= 530 bar, 

soĵuma zamanē= 20 saniye, kalēp y¿zey sēcaklēĵē= 115ÁC, ocak sēcaklēĵē= 242ÁC, enjeksiyon 

hēzē= 4,8 m/s, manifold sēcaklēĵē= 240ÁC, olarak belirlenmiĸtir. Bu faktºr seviyeleri i­in yapēlan 

5 adet doĵrulama deneyi sonunda sararma ve mavileĸme i­in ºl­¿len deĵerlerin ortalamasē 

sērasēyla 0,02080 ve 0,02853 olarak hesaplanmēĸtēr. Elde edilen sonu­lar gºstermektedir ki, ele 

alēnan bu problem i­in Taguchi metodunun uygun bir yºntemdir.  
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¥zet: Demir ve ­elik ¿retimi, CO2 emisyonlarēnēn ana kaynaklarēndan biridir. ¢elik 

¿retiminde ¿retilen her bir ton ­elik i­in yaklaĸēk 2 ton CO2 salēnēmē ger­ekleĸmektedir. 

¢eliĵin %90 geri dºn¿ĸt¿r¿lebilir olmasēna raĵmen, bu oran k¿resel emisyonlarēn 

yaklaĸēk %7ôsini oluĸturmaktadēr. Dolayēsēyla ­elik ¿retimini temizleyebilmek, d¿ĸ¿k 

karbonlu bir geleceĵin baĸlangēcēdēr. Mevcut ve 2050 yēlēna kadar ilave edilebilecek 

yeni kapasitenin tahmin edilen etkileri, ­elik ¿retiminde ñkarbonsuzlaĸmaò konusunun 

ºnemini arttērmaktadēr ve ­elik sektºr¿, karbondan arēndērēlmasē en zor sektºrlerden 

biri olmasēna raĵmen d¿ĸ¿k karbonun potansiyel kullanēmē nedeniyle son zamanlarda 

olduk­a ilgi gºrmektedir. Fakat, bilindiĵi ¿zere bu tarz end¿striyel s¿re­lerdeki ºnemli 

deĵiĸiklikler ve ticarileĸme ­ok fazla zaman ve kaynak gerektirir. Bu b¿y¿k atēlēmēn da 

­eĸitli zorluklarē bulunmaktadēr. Karbonsuzlaĸma kapsamēnda ­elik ¿retebilmenin iki 

yolu vardēr. Birinci yol, indirgeyici karbon veya kok ĸeklindeki kºm¿r¿ hidrojen ile 

deĵiĸtirmektir. Diĵer bir yol ise erimiĸ oksit elektrolizi kullanmaktēr. ¢oĵu b¿y¿k ­elik 

¿reticisi, hidrojen bazlē s¿re­ ¿zerinde ­alēĸmalar y¿r¿tmektedir. Bu ­alēĸma demir ve 

­elik end¿strilerinin karbondan arēndērēlma s¿reci ve bu baĵlamda hidrojenin 

gelecekteki rol¿n¿ okuyucuya bilgi vermeyi ama­lamaktadēr. 

 
 

Anahtar Kelimeler: ­elik ¿retimi, CO2 salēnēmē, karbonsuzlaĸma, hidrojen bazlē 

s¿re­ 

 

 

Giriĸ 

Sanayi sektºrleri arasēnda g¿nl¿k hayatēmēzda kullandēĵēmēz ¿r¿nlerin bir­oĵunun ¿retimine 

ºnc¿l¿k eden demir ­elik sanayisi ºn plana ­ēkmaktadēr. G¿­l¿ ve aynē zamanda ­ok yºnl¿ 

yapēsēyla ­elik, t¿m metaller i­erisinde modern d¿nyada en ­ok kullanēlanlardan biridir. ¢elik; 

arabalar, demiryollarē, petrol ve doĵalgaz boru hatlarē, gºkdelenler, asansºrler, metrolar, 

kºpr¿ler, beyaz eĸyalar, kargo gemileri, jiletler, cerrahi neĸterler gibi g¿nl¿k hayatēmēzēn her 

alanēnda kullandēĵēmēz geniĸ bir ¿r¿n yelpazesinin temel girdisini oluĸturmaktadēr. ¦lkeler 

istihdam artēĸēnē ve ekonomilerinde hedefledikleri b¿y¿meyi yakalayabilmeleri i­in yatērēma, 

yatērēmlar i­in ise ­eliĵe ihtiya­ duymaktadēr. Son yēllarēn sanayi devriminin temelini oluĸturan 

­eliĵin, ºn¿m¿zdeki yēllarda da ¿lkelerin odak noktasē olacaĵē aĸikardēr. Tablo 1ôde D¿nya 

¢elik Birliĵinin raporuna gºre, 2020 yēlēnda d¿nya genelinde 1,878 milyon ton ham ­elik 

¿retimi ger­ekleĸtirilmiĸtir. [1] Demir cevherinden oksijenin uzaklaĸtērēlmasē ve diĵer 

safsēzlēklarēn ortadan kaldērēlmasē ile demir oluĸmaktadēr. Karbon, geri dºn¿ĸt¿r¿lm¿ĸ ­elik ve 

eser miktarda diĵer elementlerle birleĸtiĵi takdirde (nikel, molibden, manganez, titanyum, bor, 

kobalt veya vanadyum gibi) ­elik haline gelen demir, ­eliĵin kimyasal yapēsēnda ºne 

­ēkmaktadēr. ¢elik en basit haliyle, demir ve %2'den az karbondan oluĸur. Karbon, demiri 

alaĸēmlamanēn en uygun maliyetli yoludur, ancak elementi g¿­lendirmek ve metale belirli 
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ºzellikler vermek i­in diĵer metaller kullanēlabilir. ¢elik alaĸēma farklē elemanlar ekleyip 

­ēkartmak malzeme ºzelliklerini de etkiler. [2]  

 

 

1. ¢elik ¦retim Yºntemleri 

 

Ham ­eliĵin ¿retim s¿recinde iki ana yºntem bulunmaktadēr. Bunlardan ilki demir cevherinin 

y¿ksek fērēnda ergitilip sēvē demir elde edilmesi ve sonrasēnda Bazik Oksijen Fērēn (BOF) 

vasētasēyla ­elik ¿retilmesidir. Ķkinci yºntem ise Elektrikli Ark Ocaklarēnda (EAO) ­elik 

hurdanēn y¿ksek ark etkisiyle ergitilip ­elik ¿retilmesidir. D¿nya genelindeki ham ­elik 

¿retimini bu iki ¿retim metoduna gºre deĵerlendirdiĵimiz takdirde ana girdisi demir cevheri 

olan BOF tesisleri d¿nya genelinde ¿retilen ­eliĵin %73,2ôsini ve ana girdisi ­elik hurdasē olan 

EAO ise %26,3ôl¿k kēsmēna tekab¿l etmektedir. T¿rkiyeôde kullanēlan ¿retim metotlarē 

kēyaslandēĵēnda %30,8 oranēnda BOF tesislerinde %69,2 oranēnda ise EAO tesislerinin 

kullanēldēĵē gºr¿lmektedir., tablo 1 [2]  

 

Tablo 1. D¿nya Ham ¢elik ¦retimi 1950 - 2020 (milyon ton) [1] 
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ķekil 1. Entegre ¢elik Tesislerinde ¦retim Akēĸ ķemasē [3] 

 

Bazik Oksijen Fērēn (BOF) yºnteminde, en fazla tercih edilen ¿retim yºntemidir. Hammaddesi 

demir cevheri ve koklaĸtērēlarak y¿ksek fērēn i­in hazēr hale getirilen taĸ kºm¿r¿d¿r. Toz 

cevherin y¿ksek fērēn tesislerinde kullanēlabilmesi i­in sinter fabrikasēnda iĸlenerek sinter haline 

getirilmesi gerekmektedir.  

Diĵer bir yandan demir cevherleri y¿ksek fērēnlē tesislerde kullanēlmasē i­in pelet tesislerinde 

pelet haline getirilmektedir. Peletleme, anlamsal olarak termik sertleĸmedir ve ince taneciklerin 

su ve baĵlayēcē madde vasētasēyla topaklanarak ĸekil almasēna denir. [3] Peletlenme iĸleminde 

demir oksitlerin tanesel olarak birleĸmesi ile yapēsal bir baĵ oluĸur. [4] Y¿ksek fērēnlarda pik 

demir haline gelen bu hammaddeler, ­elikhanede iĸlemden ge­irilir ve dºk¿m makinelerinde 

k¿t¿k, slab haline gelir. Daha sonrasēnda haddehanelerde iĸlenerek nihai ¿r¿n oluĸur. [3] 

ķekil 2. Elektrikli Ark Ocaklē Tesiste ¦retim Akēĸ ķemasē [3] 

 

¢elik ¿retiminin bir diĵer ºnemli hammaddesi olan hurda ­elikler, daha ºnceden ¿retilmiĸ ve 

kullanēlmēĸ ºmr¿n¿n sonuna gelen ­eliklerdir.  Bu ­elikler sonsuz kez geri dºn¿ĸt¿r¿lebilirler. 

Hurda ­elik, Elektrikli Ark Ocaklarēnda (EAO) elektrotlardan ge­en elektrik akēmē vasētasē ile 

oluĸturulan ark ve ortaya ­ēkan ēsē kullanēlarak eritilir. Daha sonrasēnda ergimiĸ metale gerekli 
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alaĸēm elementleri eklenir ve son olarak s¿rekli dºk¿m makinelerinden ge­irilerek haddehanede 

iĸlenip nihai ¿r¿n elde edilmesi saĵlanēr. [3] 

 

2. ¢elik ¦retiminde CO2 Emisyonu  

 

Son yēllarda ¿retimdeki hēzlē artēĸ, kullanēlan enerji ve hammadde artēĸē beraberinde ­evre 

kirliliĵine, k¿resel ēsēnmaya neden olmuĸtur. T¿m sanayi sektºrleri gºz ºn¿ne alēndēĵēnda, ­elik 

¿retiminde ortaya ­ēkan karbon emisyonu oranē da gºz ardē edilemeyecek seviyededir. [5] 

2015'te D¿nya ¿lkelerinin neredeyse tamamēnēn kabul ettiĵi Paris Ķklim Antlaĸmasē, k¿resel 

sēcaklēk artēĸēnē 1,5 derecede tutmayē, 4. maddesine istinaden artan k¿resel emisyonlarē 2030 

yēlēnda %45'in altēna indirmeyi, 2050 yēlēnda ise sēfērlamayē hedefleyen bir anlaĸmadēr. Bu 

anlaĸma iklim deĵiĸikliĵi m¿cadelesinde D¿nya i­in ºnemli bir yere sahiptir. Anlaĸmayē kabul 

eden ¿lkeler sera gazlarēnē ve k¿resel ēsēnmayē, bu hedefler doĵrultusunda, nasēl azaltacaklarē ve 

sēnērlayacaklarē hakkēnda ­alēĸmalara ve yol haritalarēnē ­izmeye baĸlamēĸlardēr. [6] 

Demir ­elik end¿strisi mevcut CO2 emisyonlarēnēn yaklaĸēk %7-8'ini oluĸturmaktadēr. [7] ¢elik 

¿retiminde ¿retilen her bir ton ­elik i­in yaklaĸēk 2 ton CO2 salēnēmē ger­ekleĸmektedir.  [2] 

Dolayēsēyla ­elik ¿retimindeki karbon emisyonunu indirgeyebilmek d¿ĸ¿k karbonlu bir gelecek 

i­in b¿y¿k ºnem arz etmektedir. Fakat, demir ­elik end¿strisi karbondan arēndērēlmasē zor 

sektºrlerin arasēnda yer almaktadēr. [8]  

T¿rkiye Ķstatistik Kurumunun yayēnladēĵē Tablo 2ôye gºre, 2020 yēlēnda toplam sera gazē 

emisyonu bir ºnceki yēla oranla artmēĸtēr. 1990 yēlēnda kiĸi baĸē sera gazē emisyonu 4,0 ton 

olarak belirtilirken 2020 yēlēnda 6,3 ton olarak hesaplandēĵē gºr¿lmektedir. [9] 

Tablo 2. 1990-2020 yēllarē arasē toplam ve kiĸi baĸē sera gazē emisyonu [9] 
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Toplam sera gazē emisyon y¿zdeleri sektºr bazlē incelendiĵi takdirde, 2020 yēlēnda en b¿y¿k 

payē %70,2 ile enerji kaynaklē emisyonlar alērken; bu sektºr¿ sērasēyla tarēm, end¿striyel 

iĸlemler ve son olarak atēk sektºr¿ takip etmektedir. [9] Bu kapsamda, d¿ĸ¿k karbona ge­iĸ 

s¿recindeki ºncelikli sektºrler arasēnda demir-­elik sektºr¿ de bulunmaktadēr.  

Tablo 3. Sektºrlere Sera Gazē Emisyon Oranlarē & Gazlara Gºre Sera Gazē Emisyon  Oranlarē 

[9] 

 

 

 

 

 

 

 

 

3. Demir ¢elik ¦retimi Teknolojisinde Hidrojen Atēlēmē  

19. y¿zyēlda, g¿n¿m¿zdeki demir ­elik ¿retiminde de olduĵu gibi y¿ksek fērēnlar 

kullanēlmaktadēr. Bilindiĵi ¿zere y¿zyēllardēr s¿re gelen end¿striyel s¿re­lerde iyileĸtirmeler, 

ºnemli deĵiĸiklikler ve ticarileĸme i­in ­ok fazla zaman, kaynak ve yatērēm gerektirmektedir. Bu 

b¿y¿k atēlēmlarēn da ­eĸitli zorluklarē bulunmaktadēr.  

Karbon, y¿zyēllardēr ­elik ¿retiminde ēsētma i­in bir yakēt, indirgeyici bir madde ve bir alaĸēm 

maddesi olarak kullanēlēr. Fakat, Paris Anlaĸmasē ile birlikte t¿m d¿nyanēn ñkarbonsuzlaĸtērmaò 

ihtiyacēna odakladēĵēnē sºylemek m¿mk¿nd¿r. [10]  

SSAB, LKAB ve Vattenfall AB isimli ¿­ Ķsve­ ĸirketi ilk fosilsiz ­elik ¿retimi i­in deĵer zinciri 

yaratmayē hedeflemektedir. SSAB ­elik ¿retiminde, LKAB madencilik sektºr¿nde Vattenfall 

AB ise enerji sektºr¿nde ºnc¿ ĸirketlerden biridir. Bu ĸirketler kēsaltmasē HYBRIT olan ò 

Hydrogen Breakthrough Ironmaking Technologyò - ñ Hidrojen ¢ēĵēr A­an Demir ¦retim 

Teknolojisiò olarak adlandērēlan ­elik ¿retim s¿recinde, kºm¿r¿ hidrojenle deĵiĸtirmeyi 

ama­layan ortak bir giriĸimdir. [11]  
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ķekil 3. K¿resel ¢elik Talebi ve 2050'de CO2 Emisyonlarēnda Gerekli Azalma [11] 

 

Hidrojen bazlē s¿re­ atēlēm ile, ķekil 3ôten de anlaĸēlabileceĵi gibi, ­elik end¿strisinden 

kaynaklanan emisyonun 2050 yēlēnda 400-600 milyon ton seviyesine d¿ĸmesi, beklenen ¿retim 

kapasitelerinin de artmasē beklenmektedir. [11] 

 

4. Hidrojen Bazlē Proses ile ¢elik ¦retim Aĸamalarē 

Hidrojen bazlē s¿re­te hedeflenen y¿ksek fērēn tabanlē ­elik ¿retiminde kullanēlan kok kºm¿r¿ 

ve fosil yakēlarēn yerini almaktēr. Bunu da yenilenebilir elektrikle oluĸturulan hidrojen ile 

yapmayē hedeflemektedir. Daha ºnce de deĵinildiĵi ¿zere ­elik, geri dºn¿ĸ¿m veya hammadde 

olarak demir cevheri kullanēlarak ¿retilmektedir. [12] 

 

ķekil 4ôte gºr¿ld¿ĵ¿ ¿zere hidrojen bazlē s¿re­te hammadde, demir cevheri peletleri halindeki 

demir cevheridir. Daha fazla iĸlenmek ¿zere madenlerden ­ēkarēlan cevher zenginleĸtirilir ve 

sinterlenerek demir cevheri topaklarēna dºn¿ĸt¿r¿l¿r. G¿n¿m¿zde sinterleme fosil yakētlar ile 

yapēlmaktadēr fakat, hidrojen atēlēmlē HYBRIT ¿retim prosesinde sinterleme iĸlemi biyoyakētlar 

kullanēlarak tamamlanēr.  Demirin oksijen ile birleĸmesiyle oluĸan okside demir cevheri adē 

verilir. Geleneksel yºntem ile ¿retilen ­elik ¿retim prosesinde ­elik ¿retebilmek i­in oksijenin 

cevherden ayrēĸtērēlmasē gerekir. Y¿ksek fērēnlarda karbon ve kok kullanēlarak uzaklaĸtērēlan 

oksijen, hidrojen bazlē ¿retim prosesinde demir cevherinden oksijenin fosil i­ermeyen hidrojen 

kullanēlarak ­ēkarēlmasē anlamēna gelmektedir.  Demir cevheri indirgenmesi i­in bir ĸaft fērēnē 

kullanēlmaktadēr. [11,12] 
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ķekil 4.  Y¿ksek Fērēn ve HYBRIT (Hidrojen ¢ēĵēr A­an Demir ¦retim Teknolojisi) ¦retim 

Prosesi [12] 

 

Hidrojen bazlē s¿re­te demir cevheri topaklarē ile aynē ĸekle sahip katē bir ¿r¿n olan s¿nger 

demir oluĸur. S¿nger demir daha sonra EAOônda eritilir. Fosil i­ermeyen elektrik kullanēlarak 

ve fosil karbon yerine fosil olmayan katkē maddelerinin kullanēmē artērēlarak s¿re­ fosilsiz hale 

getirilir. ¥zetlemek gerekirse; iĸlem demir cevherinin peletlenmesi, demir oksitlerin demire 

indirgenmesi ve ham ­elik ¿retimi dahil olmak ¿zere ­elik ¿retim aĸamalarēnēn t¿m¿nde CO2 

emisyonlarēnē azaltmayē hedeflemektedir. [11,12] Kēsacasē hidrojen bazlē HYBRIT teknolojisi, 

demir cevherinden oksijeni ­ēkarmak i­in karbonu ve koku kullanan y¿ksek fērēn s¿recini, 

fosilsiz enerji kaynaklarēndan elektrik kullanarak sudan ¿retilen fosilsiz hidrojeni kullandēĵēmēz 

doĵrudan indirgeme s¿reciyle deĵiĸtirmeyi i­eren bir prosestir. ¢ēktē olarak karbondioksit 

yerine su buharē oluĸur. 

 

Bu modelde sektºr¿n karĸēsēna ­ēkacak engellerden biri sudan elektroliz ile hidrojen elde 

etmenin maliyetidir. Ayrēca hidrojeni ­elikte kullanēmēnēn ºn¿ndeki engelleyici diĵer bir faktºr 

hidrojenin verimli ve g¿venli koĸullar altēnda depolamaktēr. Dolayēsēyla ­elik sektºr¿nde 

karbonsuzlaĸmaya gidilirken uygun altyapēnēn oluĸturulmasē gerektiĵi dikkat ­ekmektedir. [2] 

 

 

 

5. Sonu­ 

¢elik sektºr¿ d¿ĸ¿k karbonlu geleceĵe ge­iĸ aĸamasēnda ºnemli role sahiptir ve karbonsuz bir 

geleceĵin anahtarēdēr. Hedeflenen emisyon azaltēm deĵerlerinin yakalanabilmesi i­in ¿retim 

teknolojilerinde kºkl¿ bir deĵiĸime, sektºrlerde ciddi yatērēm ve kaynaĵa ihtiya­ duyulmaktadēr.  
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¥zet: ¦retim sektºrlerinde s¿re­lerin iyileĸtirilmesi ve maliyetlerin azaltēlmasē 

b¿y¿k ºnem taĸēmaktadēr. K©rlēlēĵēn arttērēlmasē ama­lanērken s¿re­lerin sorunsuz 

bir ĸekilde s¿rd¿r¿lmesi hedeflenmektedir. Bu nedenle, s¿re­ iyileĸtirme 

­alēĸmalarēnda veri madenciliĵinin kullanēlmasē hangi etkenlerin ºncelikli 

olduĵuna iliĸkin uygulamalarē ºnemli bir bilgi saĵlamaktadēr. Kullanēlan 

yºntemler de teknolojinin ilerlemesiyle birlikte her ge­en g¿n deĵiĸip 

geliĸmektedir. Bu ­alēĸma kapsamēnda end¿striyel sistemlerde yaygēnlaĸmakta 

olan veri madenciliĵi yaklaĸēmlarēnēn sistematik bi­imde kullanēlmasēna 

uygulanmasēna iliĸkin temel adēmlarēn tanēmlanmasē ve bir ºrnek sunulmasē 

hedeflenmektedir. 

 

Bu ­alēĸma kapsamēnda incelenecek sayēsal veriler bir ¿retim iĸletmesinden 

derlenecektir. Elde edilen veriler, araĸtērma sorularēnēn yanētlanmasē ve 

hipotezlerin doĵruluĵunun test edilmesinde kullanēlacaktēr. Ele alēnan problemin 

kabul edilebilir bi­imde ­ºz¿mlenmesi i­in dikkate alēnmasē gereken varsayēmlar 

ve gereksinimler belirlenecektir. Problemin uygun bir ­ºz¿me kavuĸturulmasē i­in 

olasē metotlar deĵerlendirilecek ve etkin bir ­ºz¿m saĵlayan yºntem tercih 

edilecektir. ¢alēĸmada, end¿striyel bir sistemde veri madenciliĵi yºntemleri 

karĸēlaĸtērmalē olarak kullanēlacaktēr. ¢eĸitli ºznitelikler dikkate alēnarak 

oluĸturulan veri seti, veri ºn iĸleme adēmlarē ile uygun hale getirilecektir. 

¢alēĸmanēn kapsamēna uygun olarak belirlenecek veri madenciliĵi yºntemlerinden 

gºzetimli ºĵrenme algoritmalarē veri setine uygulanacaktēr. En iyi performansa 

sahip yºntem ile problem ­ºz¿m¿n¿n elde edilmesi ve mevcut s¿recin 

iyileĸtirilmesi hedeflenecektir. Bu ­alēĸma, ¿retim sistemlerinde veri madenciliĵi 

yºntemleri ile bir ¿retim sisteminin verileri kullanēlarak var olan ­alēĸmalara bir 

yenisinin eklenmesi ve literat¿re bu alanda katkē saĵlanmasē ama­lanmēĸtēr. 
 

Anahtar Kelimeler: veri madenciliĵi, ¿retim s¿re­leri, kalite, veri gºrselleĸtirme, 

tahminleme 
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Abstract 

Since vehicles have been becoming an important part of human life everyday, car 

manufacturers  started producing the cars equipped with more technologies and 

customer-oriented comfort features. Most of these features and technologies  were to 

automate the movement of the various parts such as seats, window lifter, liftgate and 

sunroof. The automatic parts, while performing the functions of opening, closing 

and the movement in different directions, brought with them the accidents of 

compression, crushing and injury to human limbs. Against these kind of accidents, 

new safety regulations have been developed that prevent human injuries caused by 

the automatic parts. Some of the regulations include the safety precautions against 

pinch cases. In the automotive industry, systems supported by various sensors such 

as force sensor, hall effect sensor etc. and the systems that monitor the current 

consumption of the moving parts are used to comply with these regulations or 

standards . In this study, anti-pinch system applications will be analyzed in two 

different categories as direct pinch sensing systems and indirect pinch sensing 

systems, the working principle of the different anti-pinch systems will be explained 

and the anti-pinch system applications that have been used in the automotive 

industry will be mentioned. 

Key Words: anti-pinch systems, sensors, safety, automative 

 

 

1. What is Anti -pinch? 

Anti-pinch system is a vehicle safety techology that prevents human body from injuries and 

damages caused by the pinch cases.  

 

Fig. 1. Pinch case example 
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2. Working Principle of Anti -pinch Systems 

In the automotive ēndustry, anti-pinch system are managed with sensors that requires 

mechanical contact between a moving object and an obstacle or object on itôs path. The sensors 

used can be divided into two categories; direct pinch sensing systems, where a sensor is in direct 

interaction with an obstacle or object, and indirect pinch sensing systems, where the 

performance of the motor is monitored to detect abnormal behavior in various motor parameters 

such as the angular velocity, torque or current. 

2.1.Direct Pinch Sensing System 

Direct pinch sensing system measurements are obtained by monitoring the physical movement 

of the object. The measurements are used to detect the pinch cases by using sensors such as 

force sensors, ultrasonic sensors and capacitive sensors 

2.1.1.Force Sensors 

Force sensors can be used for a basic understanding of a direct pinch sensing system for anti-

pinch applications. These sensors are used to monitor impact forces in the automotive industry. 

Force sensors are a type of transducer. They convert an input mechanical force such as 

load,pressure weight, tension, compression into another physical variable, in this case, into an 

electrical output signal that can be measured, converted and standardized. Such sensors consist 

of electrodes and sensing film. Force-sensing resistors are based on contact resistance. These 

contain a conductive polymer film, which changes its resistance in a predictable way once force 

is applied on the surface. This film includes non-conducting, micrometer sized, and electrically 

conducting particles, which are arranged in a matrix. If force is applied to the filmôs surface, 

microsized particles touch the sensor electrodes, which change the filmôs resistance. The 

amount of change alters the resistance value that provides a measure of the applied force. 

Pinch detection can be done through direct pich sensing of the physical movement of the 

object under the pinch force. The movement is detected by placing a force or pressure sensor 

inside seal which comes in contact when an object presses against seal surface. Pinch case is 

detected according to movement observation by the  microcontroller which receives the 

movement information from the output of the sensor. 

  
Fig. 2. Force sensor Fig. 3. Direct pinch sensing system example 
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2.1.2.Ultrasonic Sensors 

These sensors use ultrasonic sound waves to detect the presence of objects in their 

vicinity.Sound waves are termed as ultrasonic when they have a frequency greater than 20 kHz, 

which is above the range of ósonicô frequencies audible to humans. Ultrasonic sensors use the 

timeof- flight technique to determine the distance of a target object. A transmitting ultrasonic 

transducer sends a burst of ultrasonic sound waves, which get reflected from the target objectôs 

surface. These reflected waves are called the echo. The echo is then picked up by a receiving 

ultrasonic transducer. The difference between the time of sending the waves and the time when 

the echo was received is measured. Since the speed of sound waves in the traveling medium is 

known, the distance of the target object can be calculated. 

 

Since the distance of the target surface can be determined in a short interval of time, it can also 

be used as an input for pinch detection. A microcontroller can be used to track the distance of 

the target. When the user initiates the movement, the distance values must increment gradually. 

In an expected behavior, which can be continuously verified by the microcontroller. If an 

abnormal change in the distance is detected, it would mean that there is an unexpected object in 

the path of the moving object which could get pinched. When this occurs, the microcontroller 

can stop the movement, preventing the pinch case.  

 

  
Fig. 4. Ultrasonic Sensor Fig. 5. Principle of an ultrasonic distance 

measurement system 

 

 

2.1.3.Capacitive Sensors 

Capacitance is referred to as the ability of a system to store electrical energy or 

charge.Capacitance is measured by a capacitive sensor. Capacitive sensors can be used to detect 

the presence of objects without requiring mechanical contact as shown below. Capacitance-

based proximity sensors rely on the changes to the frequency of an LC tank circuit, which is 

connected to a metal plate. A change in the oscillator frequency occurs when the target object 

moves within the capacitorôs electrical field. The changed frequency can be detected by a 

microcontroller unit and mapped to the relative or absolute position. 
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Fig. 6. Changes in the electrical field of the capacitive sensor can detect presence of a human 

body part 

2.2.Indirect Pinch Sensing Systems 

Indirect pinch sensing system measurements are obtained by monitoring the motor performance 

parameters such as current, angular velocity and torque. The measurements are used to detect 

the pinch cases. Two leading technologies for indirect pinch sensing systems are Hall sensors 

and shunt resistors. These technologies are more commonly used in automotive industry 

compared to direct pinch sensing system technologies. 

2.2.1.Hall-effect Sensor 

One of the most common methods to detect pinch cases in automotive is to use a sensor that 

measures  the Hall effect. Hall effect is the production of a voltage across an electrical 

conductor that is transverse to an electric current in the conductor and to an applied magnetic 

field perpendicular to the current. Hall effect sensor is used to measure the hall effect. A Hall 

effect sensor is a type of sensor which detects the presence and magnitude of a magnetic 

field using the Hall effect.  In a Hall effect sensor, a current is applied to a thin strip of metal. In 

the presence of a magnetic field perpendicular to the direction of the current, the charge carriers 

are deflected by the Lorentz force, producing a difference in electric potential (voltage) between 

the two sides of the strip. This voltage difference (the Hall voltage) is proportional to the 

strength of the magnetic field.  

 

  
Fig. 7. Hall effect sensor Fig. 8. Hall effect sensor working principle 

 

 

 

https://en.wikipedia.org/wiki/Sensor
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Hall_effect
https://en.wikipedia.org/wiki/Lorentz_force
https://en.wikipedia.org/wiki/Electric_potential
https://en.wikipedia.org/wiki/Voltage
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Hall effect sensors are used to calculate the motor speed in order to detect the pinch cases.The 

sensors are located close to poles or shaft of the DC motor which manages the movements. 

When a motor pole passes close to a hall effect sensor, the magnetic field density increases. This 

change in the magnetic field is then converted to an digital or analog electric pulses in terms of 

voltage by the sensor and processed by the control unit. Since number of the poles are known, 

the rotational velocity of the motor is calculated by measuring the width of and interval between 

the pulses and can be considered as reference speed value.  

 

The control units monitors the motor speed according to the signals that are received from the 

hall effect sensor continously.When an obstacle is present in the direction of motor movement, 

the obstacle slows down the motor and the motor speed reduces. In this case, the control unit 

compares instantaneous speed value with the reference speed value present in itôs memory and 

detects the pinch case. 

 

 
Fig. 9. Hall Effect Sensor Location on the DC Motor 

 

2.2.2.Shunt Resistor 

Another indirect pinch sensing method that is widely used to detect pinch cases is current 

sensing. Current based anti-pinch system's working principle is based on the current change of 

the DC motor.  The pinch cases can be detecting by monitoring the current flowing through the 

motors. There are several way to measure the current and the most common way is shunt 

resistor due to their low cost and best accuracy. 

Shunt resistors are devices used to gauge the flow of current. They detect and convert current to 

a measured output voltage. Current sense resistors are generally low-value, high-power 

resistors.  

A shunt resistor applies the same principle as a normal resistor, but is specialized for current 

measurement. By supplying a current to be measured through a shunt resistor with a known 

resistance and measuring the voltage across the shunt resistor, the current value that was 

supplied can be calculated by using Ohm's law. Shunt resistors are generally positioned  in-line 

on the conduction path between the power source and the load. 

In the anti-pinch applications, when there is an obstacle on the path of the motor and the motor 

touches the obstacle, the DC motor gets load disturbance because of the obstacle that made the 

DC motor current rise. Current value which measured on shunt resistor in this case  is larger 
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than the normal DC motor current value. Since the current value received from shunt resistor is 

over the threshold current value defined in the software of the control unit microcontroller, the 

anti-pinch system is activated. 

        

Fig. 10. DC Motor Block Diagram 

3.Anti-pinch System Applications in Automotive Industry 

With the help of developing technology, most of parts used in vehicles were automated in order 

to increase the customers comfort. The authomation of these parts brought with them the 

accidents of compression, crushing and injury to human limbs. In order to prevent such 

accidents, anti-pinch systems were developed and implemented to different parts of the vehicles.  

3.1.Power Tailgate 

Power tailgates are the tailgates that can be opened and closed automatically by a switch located 

on it or by a key fob. When switch is pressed by the customer, the DC motor is powered and 

tailgate starts moving inward or outward in order to open or close itself. Tailgate may damage 

human limbs and cause injuries during automatic closing or opening. In order to prevent such 

injuries, anti-pinch applications were developed and implemented to power tailgates. 

The most widely used anti-pinch pinch system applications are the force and capacitive sensors 

for power tailgates. During the closing of the power tailgate, existence of an object in the 

direction of the movement is monitored by a control unit according to the output coming from 

sensors. When an obstacle or object is detected, the movement is either stopped or moved in the 

opposite direction (opening process)   by a control unit depending on the requirements of the 

vehicle manufacturer. 

 

Fig. 11. Power Tailgate Activation Methods 
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3.2.Power Window 

Power windows are vehicle windows that can be managed by a switch located on the door 

panel.  The windows can be raised or lowered automatically by pressing down or pulling up the 

switch for a few seconds. When the switch is pressed down or pulled up by the customer, the 

DC motor is powered and the window mechanism that is connected to DC motor starts moving 

in up or down direction. These automatic movement may cause fatal accidents or injuries such 

as pinch of the children's neck or fingers. In order to prevent such mishaps in the power 

windows, anti-pinch applications were developed and implemented to power windows. 

The most widely used anti-pinch system applications today are force sensors, hall effect sensors 

and shunt resistors for power tailgate. During the closing of the power window, the DC motor 

speed  or current consumption or the existence of an object in the direction of the movement are 

monitored by a control unit according to the output coming from related sensor used in the 

application(force sensor or hall effect sensor or shunt resistor). When a force caused by a 

pinched object is detected or when a slowdown of the motor speed is observed or when 

increment in the motor current consumption is observed, anti-pinch system is activated by a 

control unit and window movement is either stopped or moved in the opposite direction 

(opening process) by a control unit depending on the requirements of the vehicle manufacturer. 

 

Fig. 12. Typical power window system  

3.3.Sunroof 

The movable element used to reveal and close an opening in the roof of the vehicle is called the 

sunroof. A sunroof moves frontward and rearward  horizontally and can be opened or closed 

automatically with the help of DC motor when  a switch located on the overhead console is 

pressed. These automatic movement may cause accidents or injuries. In order to prevent such 

accidents, , anti-pinch applications were developed and implemented to sunroof. 

The most widely used anti-pinch system application today is hall-effect sensor for sunroof. 

Motor speed is monitored by the control unit according to output of the hall- effect sensor 

during the sunroof movement. When an obstacle is present in the direction of the movement, 

sunroof motor slows down and the decrease of the speed is detected by the control unit so anti-

pinch system is activated and sunroof movement is either stopped or moved in the opposite 

direction.  
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Fig. 13. Typical sunroof  system 

3.4.Power Seats 

Electrically supported, memory seats have become widespread in many models nowadays. 

Electrically supported seats are systems in which the driver or passenger can adjust the seat 

height, seat horizontal position, lumbar support, bolster support and position of the recliner with 

the help of DC motors. These adjustments are made by the switches located at side of the seat or 

on the door panel and can be saved in the memory in order to recall the saved adjustments later 

on. In addition to this, seat systems have some automatic functions such as easy entry and easy 

exit present especially in coupe vehicle. Easy entry is the function that allows the passenger to 

sit at the back side giving more space by front seat movement in frontward direction. Likewise, 

easy exit is another automatic seat functionality that allows the driver to exit from the vehicle 

providing more space by front seat movement in rearward direction. These automatic seat 

movements may cause leg or finger injury of the passenger sitting at the back side. In order to 

prevent such injuries, anti-pinch applications were developed and implemented to seat systems. 

The most widely used anti-pinch system applications today are hall-effect sensor and shunt 

resistor for power seats. Motor speed is monitored according to output of the hall- effect sensor 

during the seat movement as well as motor current consumption is monitored over shunt resistor 

by the control unit. When an obstacle touches the seat, the motor that moves the seat 

horizontally slows down and current consumption of the motor increases. In this case motor 

speed is lower than nominal speed value and current consumption is above the nominal current 

consumption value of the motor. When these two conditions are detected, the anti-pinch system 

is activated by the control unit and seat movement is either stopped or moved in the opposite 

direction depending on the requirements of the vehicle manufacturer. 

 

 

 

 

 

Fig. 14. Seat position adjustment system 
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4.Conclusion 

With the developing technologies and innovations, automotive manufacturers equipped with 

customer-oriented comfort features in order to make human life comfortable and easier. For this 

purpose, many of the parts were authomated and the authomation brought with it various 

accidents. In order to prevent and minimize the accident, several security systems were 

developed and implemented to the authomated parts in vehicles such as power tailgate, power 

window, sunroof, and power seats. One of the most popular security systems is anti-pinch 

systems.  

In this study, anti-pinch systems were categorized as direct pinch sensing systems and indirect 

pinch sensing systems. Direct pinch sensing systems are the systems that measure some 

parameters by monitoring the physical movement of the object and several direct pinch sensing 

systems were developed with the help of various sensors such as force sensor, capacitive sensor 

and ultrasonic sensor. Otherwise, indirect sensing systems are the systems that measure some 

parameters by monitoring the motor performance and various sensor based indirect pinch 

sensing systems were developed such as hall effect sensor based, shunt resistor based. In 

automotive industry, both direct and indirect-pinch systems are used but the most widely used  

systems are hall effect sensor based and shunt resistor due to reliability, good performance and 

low cost.  
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¥zet: Karbon emisyonlarēnēn en ºnemli kaynaklarēndan birisi, fosil yakētlarēn 

s¿rekli ve yaygēn olarak kullanēlmasēdēr. Sanayi devreminden ºnce atmosferdeki 

CO2 konsantrasyonu 270 ppm iken ĸimdilerde bu rakam 418 ppmôe kadar 

y¿kselmiĸtir. Atmosferdeki sera gazlarē arasēnda yaklaĸēk %80ôlik bir paya sahip 

olan CO2, iklim deĵiĸikliĵi gibi ciddi ­evre sorunlarēna neden olmaktadēr. 

Atmosferdeki CO2 miktarēnē azaltmak i­in genel olarak dºrt yºntem 

bulunmaktadēr: (1) mevcut enerji ¿retim proseslerinin verimliliĵinin artērēlmasē; 

(2) enerji ¿retimi i­in karbon i­ermeyen veya d¿ĸ¿k karbonlu kaynaklarēn 

kullanēlmasē; (3) CO2óin yakalanmasē ve depolanmasē (CCS); ile (4) CO2 óin 

yakalanmasē ve ¿r¿ne dºn¿ĸt¿r¿lmesi (CCU). Bahsi ge­en son iki yaklaĸēmēn, 

atmosferdeki CO2'in azaltēlmasē i­in kullanēlabilecek en verimli teknikler olduĵu 

d¿ĸ¿n¿lmektedir. Ancak CCS tekniĵinde, yakalanan CO2ôin atmosfere geri sēzma 

riski oluĸmaktadēr. Bu kapsamda, CCU tekniĵi bir­ok avantajē nedeniyle, iklim 

deĵiĸikliĵine yºnelik sorunlarē ele almak adēna umut verici bir arayēĸtēr. Bu teknik 

ile CO2ôten formik asit, asetik asit, formaldehit vb. hidrokarbonlar 

¿retilebilmektedir. Bu ¿r¿nler, hem yakēt hem de kimya, ila­ ve polimer sanayinde 

hammadde veya yardēmcē hammadde olarak da kullanēlabilmektedir. ¥rneĵin 
formik asit, CO2 indirgenmesi (CO2RR) ile ¿retilebilecek ºnemli katma deĵerli 

kimyasallardan biridir. Diĵer asitlere gºre daha ­evre dostu olup biyolojik olarak 

kolayca par­alanabilmektedir. Ayrēca formik asit, herhangi bir kalēntē bērakmadan 

buharlaĸabildiĵinden yoĵunlukla deri ¿retimi, kau­uk ¿retimi ve tekstil boyamada 

kullanēlmaktadēr. CO2ôin elektrokimyasal yºntemlerle formik asit/formata (3'ten 

y¿ksek pH'larda, format iyonu (HCO2
-
) formundadēr, bu nedenle format ve formik 

asit birbirinin yerine kullanēlmaktadēr) dºn¿ĸt¿r¿lmesi son yēllarda yoĵun olarak 

­alēĸēlan bir konudur. Elektrokataliz yºntemi CO2 indirgenmesi a­ēsēndan hēzlē 

elektron transfer oranē dalayēsēyla g¿­l¿ bir role sahiptir. Ancak zayēf se­icilik ve 

d¿ĸ¿k Faraday verimi bu konudaki ­alēĸmalarēn arttērēlmasē gerektiĵini 

gºstermektedir. Bu kapsamda son yēllarda karbon-bazlē nanomalzemeler de 

verimli katalizºrler geliĸtirmek ¿zere kullanēlmaya baĸlanmēĸtēr. Bu malzemeler 

arasēndan grafen ve t¿revleri y¿ksek y¿zey alanē saĵlamalarē ve fonksiyonel 

gruplarē dolayēsēyla olduk­a ilgi ­ekmektedir. 

 

Bu ­alēĸmada se­ici bir elektrokatalizºr geliĸtirilmesine yºnelik ilk aĸama olarak 

camsē karbon elektrot (GCE) ve indirgenmiĸ grafen oksitden (rGO) oluĸan bir 

y¿zey geliĸtirilmesi  ama­lanmēĸ olup Faraday verimi ve akēm yoĵunluĵu deĵerleri 

hesaplanarak elektrotlarēn CO2RR performansē deĵerlendirilmiĸtir. ¥ncelikle GCE 

y¿zeyi 0.05 ɛm al¿mina tozu ile mikro bez ¿zerinde polisaj iĸlemi yapēlarak 

temizlenmiĸtir. Daha sonra distile su ile yēkanan GCE y¿zeyi, ultrasonik banyoda 5 

dakika boyunca etanol-distile su ­ºzeltisinde tutulmuĸ olup distile su ile 

durulanmēĸtēr. GCE y¿zeyi hem drop-casting metot (damlatma) hem de 

elektrokimyasal metot olmak ¿zere iki farklē ĸekilde rGO filmi ile kaplanmēĸtēr. 

Damlatma yºnteminde 3 ɛL grafen oksit (GO), GCEônin t¿m y¿zeyi kaplanacak 

ĸekilde damlatēlmēĸ olup et¿vde 60 ÜCôde 15-20 dk kurutulmuĸtur. Daha sonra GO 

uygulayēp kurutulan elektrot 0,1 M fosfat tamponu i­inde (pH=7) daldērēlarak -0,9 

V vs. Ag/AgCl sabit potansiyelde 900 sn. indirgenme ger­ekleĸtirilerek GCE/rGO 
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elektrot elde edilmiĸtir. Ancak y¿zeydeki rGO tabakasēnda atma olduĵundan 

damlatma yºntemiyle elde edilen elektrot ¿zerinde elektroliz iĸlemi 

ger­ekleĸtirilmemiĸtir. Ķkinci yºntemde rGO filmi, GCE y¿zeyinde +0,6 V ila -1,6 

V aralēĵēnda, 50mVs
-1
 tarama hēzēnda 20 dºng¿ boyunca Dºn¿ĸ¿ml¿ Voltametri 

(CV) tekniĵi ile oluĸturulmuĸtur. Temiz GCE y¿zeyi ¿zerinde, doĵal bir polimer 

olan kitosan varlēĵēnda farklē konsantrasyonlarda GO ­ºzeltileri (0,1 mgmL
-1
; 0,25 

mgmL
-1
; 0,4 mgmL

-1
) kullanēlarak GCE/rGO y¿zeyleri oluĸturulmuĸtur. Elde 

edilen 3 farklē GCE/rGO elektrot su i­erisinde 10 dk bekletildikten sonra 

kurumaya bērakēlmēĸtēr. Bu kaplama yºnteminde kitosan destek materyali olarak 

kullanēlmēĸtēr. 

 

Hazērlanan elektrotlar ¿zerinde -1.8 V vs. Ag/AgCl sabit potansiyelde 1 sa. s¿reyle 

CO2 indirgenmiĸ olup elektrokataliz ­alēĸmalarē sonucu en iyi performans 0,25 

mgmL
-1
 GO kullanēlan elektrot ¿zerinde elde edilmiĸtir. Format oluĸumuna yºnelik 

maksimum Faraday verimi %65,8 olarak hesaplanmēĸ olup ortalama akēm 

yoĵunluĵu -0.22 mAcm
-2
ódēr. Sistemden 1 saatte ge­en toplam y¿k ise 0,79 

Coulombôdur. Ortalama akēm yoĵunluĵu (ja), toplam akēmēn elektrodun geometrik 

y¿zey alanēna (1 cm
2
) bºl¿nmesi ile hesaplanmēĸtēr. Format ¿retimine ait Faraday 

verimi, aĸaĵēdaki eĸitlik kullanēlarak hesaplanmēĸtēr: 

 
Ὢ ὲ Î&Ⱦ1 

Bu eĸitlikte; 

nformat; ¿retilen formatēn mol sayēsēnē 

n; CO2ôten bir format molek¿l¿ oluĸmasē i­in gerekli olan elektron sayēsēnē 

(n=2 burada) 

F; Faraday sabitini (96485 C/mol elektron)  

Q; elektroliz sērasēnda elektrottan ge­en toplam y¿k¿ ifade etmektedir. 

 

Bu ­alēĸma sonucunda, CO2 indirgenmesi i­in rGOônun GCE ¿zerinde oluĸturduĵu 

elektroaktif y¿zey alanēnēn format ¿retimi i­in kullanēlabileceĵi ancak verimin 

beklendiĵi kadar y¿ksek olmadēĵē tespit edilmiĸtir. Verimin artērēlmasē amacēyla 

indiyum, kurĸun veya kalay gibi format ¿retiminde etkin olan metallere ait 

nanopartik¿llerin GCE/rGO y¿zeyinde ayrēĸtērēlmasēyla katalitik aktivitesi daha 

y¿ksek ve format ¿retimi a­ēsēndan daha se­ici olabilecek yenilik­i elektrotlar 

geliĸtirilebilir.  

 

Anahtar Kelimeler: Camsē karbon elektrot, indirgenmiĸ grafen oksit, CO2ôin 

elektrokimyasal indirgenmesi, format/formik asit 
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Abstract: With the development of artificial intelligence technology, methods based 

on machine learning are preferred in the field of health to interpret of complex 

signals received from the human body. Electroencephalography (EEG), which 

measures the electrical activity of the brain, is used as the most important 

diagnostic method in epilepsy, especially in the imaging of complex brain signals. 

In addition, EEG signals are very sensitive to voluntary and involuntary body 

movements, making it difficult to diagnose this disorder with EEG measurement, 

especially for pediatric patients. In this study, datasets obtained from 22 patients 

aged between 7 and 12 years, with a sampling frequency rate  of 256 Hz, provided 

by Children Hospital Boston, are used. In this study, firstly, the amplitude-

frequency characteristics of the frequency spectrum of the patients during the 

seizure and in the non-seizure state are extracted by determining the time intervals 

of the seizure-containing imaging in the datasets, using the discrete Fourier 

transform and data classification. Artificial neural networks (ANN) techniques are 

used in machine learning classification and 99.32% success is achieved. In the 

next study, EEG signals will be resampled using different sampling rates. 

Processed signals of different sampling rates obtained will be tested using different 

machine learning techniques in order to obtain the most efficient classification 

result. By resampling, less storage space usage and higher processing speed can 

be achieved by minimizing the disadvantages of limiting factors such as storage 

space and processor power.  

 

Keywords: electroencephalography, machine learning, artificial neural networks, 

data sampling 
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Abstract: This study was conducted to examine the behavior of natural perlite and 

expanded perlite powders, which are widely preferred as lightweight aggregates, 

against alkali-silica reaction (ASR) induced expansions. Compressive and flexural 

strength tests of mortars containing 6%, 12%, 18%, 24%, 30% and 36% natural 

perlite powder and 3%, 6%, 9%, 12%, 15% and 18% expanded perlite powder 

were carried out with ASR. Comparisons were also carried out with control 

mortars without perlite powder. ASR results decreased as the proportion of natural 

perlite powder increased. 15% expanded perlite powder substitution caused 9 

times more expansion. Against the durability problems stemming from ASR, 30% 

natural perlite powder is the ideal ratio. Both compressive and flexural strength 

results of natural perlite powder-substituted mortars were greater than those of 

expanded perlite powder-substituted mortars. 

Keywords: natural perlite powder, expanded perlite powder, alkali-silica reaction, 

compressive strength, flexural strength 

 

 

Introduction  

Perlite, a natural glassy volcanic rock, is widely accessible in most parts of the world, including, 

Hungary, Greece, Turkey, Japan and the USA (Ramezanianpour et al., 2014; Markiv et al., 

2016). Perlite expands 5 to 20 times of its original volume when exposed to heat and used in 

various lightweight concrete operations, brick production, plasters or building elements 

requiring improved thermal and acoustic insulation (Mir and Nehme, 2017). Perlite powders, 

due to their high SiO2 and Al2O3 content (whether used in natural or expanded form), are 

pozzolanic materials that increase the strength and durability of concrete (Demirboĵa et al., 

2001; Erdem et al., 2007; Rashad, 2016).  

 

The four components required for the alkali-silica reaction (ASR) are reactive silica, available 

alkalis, moisture, and aggregate (Wang and Gillott, 1991; Leemann et al., 2011). For ASR-

sensitive concrete, certain types of aggregates containing reactive silica can be easily attacked 

by hydroxyl ions present in the porous solution of concrete, resulting in the formation of a 

hygroscopic reaction product. This product is vulnerable to water and can expand by swelling 

(Li et al., 2018). Subsequently, expansion, cracking and further deterioration of the concrete can 

occur (Hou et al., 2004; Stanton, 2008). 
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Only a few studies have been conducted on the effect of the utilization of both natural and 

expanded perlite powder in mortars on ASR (Bektas et al., 2005). This study was conducted to 

examine the behavior of natural perlite and expanded perlite powders, which are widely 

preferred as lightweight aggregates, against ASR-induced expansions. Within the scope of the 

study, compressive and flexural strength tests of mortars containing 6%, 12%, 18%, 24%, 30% 

and 36% natural perlite powder and 3%, 6%, 9%, 12%, 15% and 18% expanded perlite powder 

were carried out by alkali silica reaction. Comparisons were also conducted with control mortars 

without perlite powder. It is believed that this unique research on mortars containing natural 

perlite powder and expanded perlite powder will be a reference for the determination of the 

appropriate perlite aggregate type and ratio against the ASR effect, which is one of the major 

durability problems of present day. 

Materials and Methods 

CEM I 42.5 R type portland cement was chosen for the study. The specific properties of this 

cement are displayed in Table 1. The control mortars were prepared with river sand extracted 

from the Artvin region of Turkey, which has a high ASR potential. The specific gravity of this 

river sand is 2.61 g/cm
3
.  

 

Table 1. Properties of Cement 

 CEM    42.5 R              

Chemical Compositions (%)  

SiO2 19.43 

Al 2O3 4.46 

Fe2O3 3.27 

CaO 63.48 

MgO 2.45 

SO3 2.98 

Na2O 0.35 

K2O 0.71 

CI
-
 0.01 

Loss on ignition 2.79 

Insoluble residue 0.73 

Physical Characteristics  

Residue on a 32 micron sieve 7.36 

Specific gravity 3.12 

Specific surface (cm
2
/g) 3439 

Beginning of setting 2hrs-35min 

End of setting 3hrs-30min 

Volume expansion (mm) 1.0 

Compressive strength (MPa)  

2nd day 27.9 

28th day 54.2 
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All of the natural perlite powder and expanded perlite powder used in the study were supplied 

from ERPER company operating in Erzincan/TR. The specific gravity of natural perlite powder 

used in different ratios in mortars is 1.96 g/cm
3
 while the specific gravity of expanded perlite 

powder is 0.9 g/cm
3
. The parameters determined within the scope of the study are the utilization 

of different ratios of natural perlite powder and expanded perlite powder. Natural perlite powder 

was substituted with cement at 6%, 12%, 18%, 24%, 30% and 36% by weight and expanded 

perlite powder was substituted with cement at 3%, 6%, 9%, 12%, 15% and 18% by weight to 

produce mortars with 12 different mixtures. There was no perlite powder included in the control 

mortars. In the coding, the abbreviation of natural perlite powder or expanded perlite powder is 

indicated with the first letters, and the proportions of perlite powders are displayed with 

numbers (without using the % sign) after the letters. For instance, EPP12 represents the mix 

containing 12% expanded perlite powder. Control mortars are indicated by the letter C. ASR 

tests were implemented on mortar samples prepared according to ASTM C 1260 (2021) 

standard. Mortar mixtures were prepared by weighing the materials sieved through the sieves 

specified in the standard and separated into different grain classes in the specified quantities. 

Specimens of 25x25x285 mm for the ASR test and 40x40x100 mm for the compressive and 

flexural strength tests were produced. The mortars kept in the molds were removed after 24 

hours. The specimens prepared for the ASR test were kept in 80 
o
C water for 24 hours and the 

initial lengths were measured. (Lo). Afterwards, the same samples were kept in 1 mol NaOH 

solution at 80 
o
C and the lengths were measured at the end of 3, 7, 14, 21 and 28 days and the 

changes were calculated as %. In addition, compressive and flexural strength tests were carried 

out according to TS EN 12390-3 (2019) and TS EN 12390-5 (2019) on mortar specimens 

removed from the mold 24 hours after production and kept in the curing pool for 28 days. 

Results and Discussion 

Alkali -silica reaction (ASR) test results 

The time-dependent (3, 7, 14, 21 and 28 days) expansion values of mortars with different 

natural perlite powder ratios and control mortar as a result of the ASR test are presented in 

Figure 1. 

When the graphs are examined, expansion values decreased as the natural perlite powder ratio 

increased compared to the control mortar. The expansion results of mortars with 30% natural 

perlite powder ratio were quite similar to the control mortar. For instance, when the 14
th
 day 

results were examined, the expansion value was approximately 8 times higher than the control 

mortar when 6% natural perlite powder was substituted into the mortars. When the proportion of 

natural perlite powder increased from 6% to 30%, the expansion results remained higher than 

the control mortar. The 14-day ASR expansion value of the mortar with 30% natural perlite 

powder (NPP30) was 0.04%, even lower than the control mortar (C) (0.06%). At day 28, the 

similar pattern remained. The highest expansion values among all groups were observed in 

mortar with 6% natural perlite powder substitution. The expansion values of the control mortar 

and the mortars with natural perlite powder substitution were within the limits specified by 

ASTM C1260 (2021), except for the mortars with 6% and 18% natural perlite powder 

substitution (maximum expansion of the specimens should be less than 0.2% for hazardous 
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reactive aggregates after 14 days). This study revealed that 30% natural perlite powder can be 

employed as a cement substitute against the durability problems caused by ASR. 

 

Figure 1. Changes in ASR expansion of mortars due to natural perlite powder substitution 

 

Figure 2 illustrates the time-dependent (3, 7, 14, 21 and 28 days) expansion values of mortars 

with different expanded perlite powder ratios and control mortar as a result of ASR test. 

Accordingly, ASR expansion values increased as the proportion of expanded perlite powder 

increased, in contrast to the natural perlite powder substituted mortars. Examining the 7
th
 and 

14t
h
 day results, when 3% and 6% expanded perlite powder was substituted in the mortars, 

expansions close to the control mortar and at low values were obtained, while 15% expanded 

perlite powder substitution caused 9 times more expansion. By the 28th day, the expansion 

results for all mortars using expanded perlite powder were higher than the control mortar. All 

mortars except the mortars with 3% and 6% expanded perlite powder substitutions and the 

control mortar exceeded the limits specified by ASTM C1260 (2021) (maximum expansion of 

specimens for deleterious reactive aggregates after 14 days should be less than 0.2%). As a 

result of this study, it has been proved that low percentages (3% and 6%) of expanded perlite 

powder can be preferred as a cement replacement in implementations where ASR problems are 

encountered. 

Finally, when the ASR expansion results of the mortars in which both natural and expanded 

perlite powder were used at the same rates (6%, 12% and 18%) were examined, it was found 

that for the 6% rate, expanded perlite powder demonstrated much lower results than natural, 

while 12% and 18% rates gave similar expansions. 
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Figure 2. Changes in ASR expansion of mortars due to expanded perlite powder substitution 

 

Compressive strength test results 

The compressive strength results of natural perlite powder substituted mortars and control 

mortars are presented in Figure 3. Compressive strength values decreased with the usage of 

natural perlite powder in mortars. Two exceptions to this were mortars with 6% and 12% 

natural perlite powder substitution (NPP6, NPP12) and the highest compressive strength value 

among all groups was obtained with 6% natural perlite powder substitution with 20.19 MPa. 

The lowest compressive strength of 12.41 MPa was obtained in mortar produced from 36% 

natural perlite powder (NPP36). This value is about 35% lower than the control mortar. 

According to the compressive strength results, it was determined that 6% and 12% ratios are 

ideal for mortars to be produced with natural perlite powder substitution. 

 

Figure 4 presents the compressive strength results of the mortars with expanded perlite powder 

substitution and the control mortar. The compressive strength of the mortar with 18% expanded 

perlite powder substitution (this value is 5.43 MPa for EPP18) was 71.51% lower than the 

control mortar (this value is 19.06 MPa for C). 
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Figure 3. Relationship between natural perlite powder substitution rate and compressive 

strength 

 
Figure 4. Relationship between expanded perlite powder substitution rate and compressive 

strength 

The highest compressive strength of expanded perlite powder substituted mortars was observed 

as 17.24 MPa in EPP3 coded specimen with 3% expanded perlite powder ratio. The 

compressive strength results of natural perlite powder-substituted mortars were higher than 
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those of expanded perlite powder-substituted mortars. The visualization of the compressive 

strength test of the mortars is displayed in Figure 5. 

 

 
Figure 5. The visualization of the compressive strength test of the mortars 

Flexural strength test results 

The flexural strength results of the control mortar and mortars with natural perlite powder are 

provided in Figure 6. The flexural strength values decreased as a result of the increased amount 

of natural perlite powder. The highest flexural strength was obtained in the control mortar (C) 

with 10.76 MPa and the lowest flexural strength was obtained in the mortar produced with 36% 

natural perlite powder (NPP36) with 3.86 MPa. This value is 64% lower than the control 

mortar. It was determined that 6% and 12% ratios in mortars to be produced with natural perlite 

powder substitution are ideal for flexural strength, likewise for compressive strength results. 

Figure 7 displays the flexural strength results of the mortars with expanded perlite powder 

substitution and the control mortar. Dramatic flexural strength losses occurred as a result of the 

inclusion of expanded perlite powder in mortars. The flexural strength of mortar with 18% 

expanded perlite powder substitution (this value is 1.89 MPa for EPP18) was 82.43% lower 

than the control mortar (this value is 10.76 MPa for C). The highest flexural strength of the 

expanded perlite powder substituted mortars was obtained as 7.51 MPa in the sample coded 

EPP3 with 3% expanded perlite powder ratio. The flexural strength results of natural perlite 

powder-substituted mortars were higher than those of expanded perlite powder-substituted 

mortars.  
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Figure 6. Relationship between natural perlite powder substitution rate and flexural strength 

 

 

 
Figure 7. Relationship between expanded perlite powder substitution rate and flexural strength 
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The graph of the flexural strength test of the mortars is presented in Figure 8. 

 

 
Figure 8. The visualization of the flexural strength test of the mortars 

 

Conclusion 

 

1. When 6% natural perlite powder was substituted into the mortars, the expansion value 

was approximately 8 times higher than the control mortar. 

2. ASR results decreased as the proportion of natural perlite powder increased. To prevent 

durability problems caused by ASR, 30% natural perlite powder is the ideal ratio. 

3. As the proportion of expanded perlite powder increased, ASR expansion values also 

increased. 15% expanded perlite powder substitution caused 9 times more expansion. 

4. All mortars except with the 3% and 6% expanded perlite powder substitution and the 

control mortar exceeded the limit values. 

5. It was found that expanded perlite powder produced much lower results than natural for 

6%, while 12% and 18% produced similar expansions. 

6. Compressive strength values decreased with the use of natural perlite powder in 

mortars. It was determined that 6% and 12% ratios in mortars to be produced with 

natural perlite powder substitution are ideal according to the compressive strength 

results. 

7. The utilization of expanded perlite powder in mortars has resulted in serious 

compressive strength losses. The compressive strength of mortars with 18% expanded 

perlite powder substitution (this value is 5.43 MPa for EPP18) was 71.51% lower than 

the control mortar (this value is 19.06 MPa for C).  
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8. The highest flexural strength was obtained in the control mortar (C) with 10.76 MPa 

and the lowest flexural strength was obtained in the mortar produced from 36% natural 

perlite powder (NPP36) with 3.86 MPa. This value is 64% lower than the control 

mortar. 

9. The highest flexural strength of the mortars with expanded perlite powder substitution 

was calculated as 7.51 MPa in the sample coded EPP3 with 3% expanded perlite 

powder ratio. 

10. Both compressive and flexural strength results of natural perlite powder-substituted 

mortars were higher than those of expanded perlite powder substituted mortars.  
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¥zet: 

Giriĸ-Ama­:Hēzla geliĸen ve deĵiĸen d¿nyada insanoĵlunun ilk sērada yer alan 

sorunlarēnēn baĸēnda yeterli ve dengeli beslenme gelmektedir. Bu sebeple, hayvansal 

gēdalar biyolojik ºzelliklerinden dolayē vazge­ilmez bir ºneme sahiptir. 

Probiyotikler, yeterli miktarda alēndēklarēnda konaĵē hastalēklardan koruyan, 

tedavide yararlē ve patojen olmayan canlē mikroorganizmalar olarak 

tanēmlanmaktadēr.Bu ­alēĸmanēn amacē broyler rasyonlarēna farklē oranlarda ilave 

edilen probiyotiĵin besi performansēna etkisini araĸtērmaktēr. 

Yºntem:Araĸtērmada 360 adet Ross 308 g¿nl¿k erkek etlik civciv kullanēlmēĸtēr. 

Araĸtērma her biri 90 civcivden oluĸan 1 kontrol ve 3 deneme grubu olmak ¿zere 

toplam 4 grup halinde y¿r¿t¿lm¿ĸt¿r. Her bir grup 15ôĸer civciv i­eren 6 alt gruba 

ayrēlmēĸtēr. Deneme 42 g¿n s¿rd¿r¿lm¿ĸt¿r. Araĸtērmada kullanēlan probiyotik 

k¿lt¿r¿ 3.0 x 10
10

 cfu/gram d¿zeyinde mikroorganizma Bacillus subtilis (DSM 

5750), Bacillus licheniformis (DSM 5749) i­ermektedir. Araĸtērmada kontrol 

grubunun rasyonu probiyotik i­ermeyecek ĸekilde (Temel Rasyon), birinci deneme 

grubunun rasyonu 0.5 g/kg, ikinci deneme grubunun rasyonu 1.0 g/kg ve ¿­¿nc¿ 

deneme grubunun rasyonu ise 1.5 g/kg probiyotik i­erecek ĸekilde hazērlanmēĸtēr. 

Denemede kullanēlan hayvanlara 1. g¿nden 21. g¿ne kadar etlik civciv yemi, 22. 

g¿nden 35.g¿ne kadar etlik pili­ b¿y¿tme yemi, 35.g¿nden kesim g¿n¿ olan 42. g¿ne 

kadar etlik pili­ bitirme yemi verilmiĸtir. Araĸtērmada kullanēlan rasyonlarēn 

temelini mēsēr, soya fas¿lyesi k¿spesi ve tam yaĵlē soya oluĸturmuĸ olup, etlik 

pili­ler 42 g¿n s¿resince bu deneme yemleri ile ad libitum beslenmiĸtir. 

Bulgular:Araĸtērma sonunda; canlē aĵērlēk ve canlē aĵērlēk artēĸē  bakēmēndan 

gruplar arasēndaki farklēlēk ºnemli bulunmuĸtur (p<0.05).Canlē aĵērlēk bakēmēndan 

rakamsal olarak en y¿ksek deĵeri, temel rasyona 1.0 g/kg probiyotik ilave edilen 

ikinci deneme grubu ortalamasē verirken, temel rasyona 1.5 g/kg probiyotik ilave 

edilen ¿­¿nc¿ deneme grubu ortalamasē, canlē aĵērlēk artēĸē a­ēsēndan en y¿ksek 

deĵeri vermiĸtir. Ķkinci deneme grubunun yem t¿ketimi deĵeri rakamsal olarak en 

y¿ksek olup, gruplar arasēnda oluĸan farklēlēklar  istatistiksel a­ēdan ºnemli 

bulunmuĸtur (p<0.001). Yemden yararlanma oranē, sēcak karkas aĵērlēĵē ve sēcak 

karkas randēmanē bakēmēndan gruplar arasēndaki farklēlēklar ºnemsiz bulunmuĸtur 

(p>0.05). 

Sonu­:Araĸtērma sonunda; broyler rasyonlarēna farklē oranlarda ilave edilen 

probiyotiĵin canlē aĵērlēk, canlē aĵērlēk artēĸē ve yem t¿ketimi ¿zerine olumlu etkileri 

gºzlemlenirken, yemden yararlanma oranē, sēcak karkas aĵērlēĵē ve sēcak  karkas 

randēmanē ¿zerine olan etkisinin  ºnemsiz olduĵu sonucuna varēlmēĸtēr. 

 

Anahtar Kelimeler: broyler, probiyotik, besi performansē 
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¥zet: Gelecekte daha fazla elektrik talebiyle birlikte u­aklarda hidrolik ve 

pnºmatik sistemler elektrikli olanlarla deĵiĸtirilecektir. G¿­ daĵētēm sistemlerinde 

geleneksel elektromekanik devre kesicilerin yerini Katē Hal G¿­ Kontrolc¿leri 

(Solid State Power Controllers) (SSPC) alacaktēr. U­aklarda kullanēlan 28 V DA 

g¿­ sistemlerini korumak zordur, ­¿nk¿ AA sistemlerdeki gibi akēm bir periyotta  

iki kere sēfēra inmez. Devre kesicilerin yerine kullanēlan SSPCôler daha 

g¿venilirdir ve daha hēzlē yanēt verirler. SSPCôler baĵlanan y¿kleri aĸērē 

y¿klenmelerden ve kēsa devrelerden korur. U­aklarda kullanēlan 28V DA g¿­ 

sistemlerinde bir kēsa devre olayēnda sistem hēzla anma akēmēnēn 10 katēna 

­ēkabilir ve koruma yapēlmazsa g¿­ sistemi elemanlarē zarar gºr¿r. Aĸērē akēm 

olduĵunda sistem hēzla a­ma yapmalēdēr. Yarē iletken kullanēlan SSPCôler ark 

yapmaz, g¿r¿lt¿ yoktur, yanēt hēzlēdēr, d¿ĸ¿k aĵērlēklēdēr, uzaktan kontrol kolaydēr 

ve programlanabilme ºzelliĵine sahiptir. ¢alēĸma mantēĵē; gerilim ve akēm sabit 

bir deĵeri ge­tiĵinde ve kēsa devre olayēnda MOSFETôlerin ve dolayēsēyla y¿klerin 

hēzlēca a­ma yapēlmasēdēr. SSPCôlerde genellikle anahtarlama elemanē olarak 

MOSFET (Metal Oxide Semiconductor Field Effect Transistor) teknolojisi 

kullanēlēr. Ayrēca IGBT ve SiC yarē iletken malzemeleri de kullanēlabilir. Minimum 

MOSFET sayēsē paralel kollara ayrēlan akēma gºre belirlenir. MOSFETôleri 

paralelleyerek daha y¿ksek akēma ulaĸēlēr, iletim kaybē azaltēlēr ve her paralel 

kanal farklē bir y¿k i­in kullanēlabilir. Bu ­alēĸmada; u­aklarda kullanēlan y¿kleri 

temsil eden bir rezistif y¿k test edilmiĸtir. Temsil edilen bu y¿k¿ korumak i­in ­ift 

yºnde anahtarlama topolojisi kullanēlmēĸtēr. Y¿ksek akēma dayanēklē olmasē i­in 

birden fazla MOSFET paralellenmiĸtir.  
 

Anahtar Kelimeler: sspc, devre kesici, daha fazla elektrikli u­ak, koruma 

ekipmanē. 
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¥zet: Alzheimer Hastalēĵē beyinde meydana gelen hasarlarēn sonucu olarak 

bireyin g¿nl¿k rutin faaliyetlerini y¿r¿temeyecek ĸekilde unutkanlēk, konuĸma ve 

anlamada zorluk gibi etkiler gºstermektedir. Bu hastalēk genellikle ileri yaĸtaki 

bireylerde gºr¿l¿r. ¥n¿m¿zdeki yēllarda hasta sayēsēnda ve bu hastalēĵēn tedavisi 

i­in harcanan b¿t­elerde ciddi miktarda artēĸ beklenmektedir. Bu hastalēĵēn kesin 

­ºz¿m¿ olmamakla birlikte erken aĸamada teĸhisi halinde hastalēĵēn ilerlemesini 

yavaĸlatēcē tedaviler uygulanabilmektedir. Son yēllarda derin ºĵrenme alanēndaki 

geliĸmeler bu hastalēĵēn y¿ksek doĵrulukla teĸhisi i­in olanak saĵlamēĸtēr. Yapēlan 

­alēĸmada Kaggleôdan elde edilen 2 boyutlu ve 4 sēnēfa ait gºr¿nt¿lerden oluĸan 

veri seti kullanēlmēĸtēr. Transfer ¥ĵrenimi metodu kullanēlarak InceptionV3 ve 

EfficientNetB0V2 modelleri ºnceden eĵitilmiĸ modelin aĵērlēklarēyla eĵitilmiĸtir. 

¢ok kēsa bir eĵitim s¿resi ile InceptionV3 modeli i­in %99.96 EfficientNetB0V2 

i­in %98.23 doĵruluk deĵerleri elde edilmiĸtir. Verilen sēnēflara ait karēĸēklēk 

matrisi oluĸturularak performans ­ēktēlarē sunulmuĸtur. Bu ­alēĸmanēn sonu­larē 

transfer ºĵrenimi metodunun AH tespitinde hēzlē ve doĵruluk payē y¿ksek olan 

kullanēĸlē bir teknik olduĵunu gºstermiĸtir.  
 

Anahtar Kelimeler: Derin ºĵrenme, Transfer ºĵrenimi, Alzheimer teĸhisi 

 

 

 

1.Giriĸ 

Alzheimer Hastalēĵē(AH), hafēza kaybē, biliĸsel bozulma, davranēĸ deĵiĸiklikleri ve nihayetinde 

ºl¿mle sonu­lanan ilerleyici bir nºrodejeneratif bir hastalēktēr (Henry ve ark., 2013). AH, 

demansēn en yaygēn nedenidir ve 2050'de 152 milyondan fazla insanē etkilemesi beklenmektedir 

(Lynch ve ark., 2020). AH d¿nyadaki t¿m demans t¿rlerinin yaklaĸēk %60-80'ini oluĸturur. 

D¿nyada her ¿­ saniyede bir demanstan bir kiĸi etkilenirken bunlarēn %60'ē AH kaynaklēdēr 

(Patterson, 2018). AH'nēn ana ºzellikleri serebral kortekslerin ve hipokamp¿s¿n k¿­¿lmesi ve 

ventrik¿llerin geniĸlemesidir ve ķekil 1ôde gºsterilmiĸtir (Saraiva ve ark., 2016). 

 

ķekil 1. Saĵlēklē beyin (sol yarē bºlge) ve Alzheimer hastasē (saĵ yarē bºlge) beynin ĸekli. 



 INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) 

 

124  
Proceedings Book  

 

Tablo 1ôde bu hastalēĵēn evreleri a­ēklanmēĸtēr. 

Tablo 1. AH evreleri (¥zkay ve ark. 2011) 

Evre 1 Hastada biliĸsel zayēflēk gºr¿lmeye baĸlamēĸtēr. Baĸlangē­ evresi olan bu 

evrede merkezi sinir sisteminde ­eĸitli patolojik s¿re­lerin geliĸmekte 

olduĵu bilinmektedir. 

Evre 2 : ¢ok hafif 

biliĸsel zayēflēk 

Ķletiĸim becerilerinin bozulmamasēna raĵmen hastalar anahtar ve c¿zdan 

objelerin yerlerini unutmaya baĸlamaktadērlar. 

 

Evre 3: Hafif 

biliĸsel zayēflēk 

Hastalar konuĸma sērasēnda kelime se­imlerinde ve tanēdēklarēnēn 

isimlerini hatērlamakta zorlanmakta, sēklēkla eĸyalarēnē kaybetmektedirler. 

Bu evredeki hastalarēn plan yapma ve organizasyon becerileri azalmēĸtēr. 

Evre 4: Orta 

biliĸsel zayēflēk 

Kēsa s¿reli hafēzada sorunlar gºr¿lmektedir. Kiĸisel 

ge­miĸ ile ilgili bellek zayēflēklarē gºr¿lmektedir. Hastalar sosyal 

konularda i­e dºn¿k davranēĸ sergiler. 

Evre 5: Orta-

ĸiddetli biliĸsel 

zayēflēk/Erken 

dºnem demans 

Hastalar bulunduklarē yer ve zaman hakkēnda zihinsel karēĸēklēk 

yaĸamaktadērlar. Bu evredeki hastalar g¿nl¿k aktiviteler i­in yardēma 

ihtiya­ duymaktadērlar. ¥nemli detaylarē hatērlamakta zorlanmaktadērlar. 

Evre 6: ķiddetli 

biliĸsel zayēflēk/ 

Orta dºnem 

demans 

Konuĸmalarē sērasēnda kelime se­mekte zorlanēlmaktadēr. zorluklar ve 

konuĸma becerilerinde kayēplar gºzlenmektedir. Hastalara g¿nl¿k 

aktiviteler i­in daha fazla yardēm gerekmektedir. 

Evre 7: ¢ok 

ĸiddetli biliĸsel 

zayēflēk/Ge­ 

dºnem demans 

Hastalarēn konuĸma yetenekleri azalmēĸ ya da kaybolmuĸtur. Bu evredeki 

hastalar s¿rekli olarak bakēma ihtiya­ duymaktadērlar. 

 

Houria ve ark., (2022). Dif¿zyon tensºr gºr¿nt¿leme (DTG) ve manyetik rezonans gºr¿nt¿leme 

(MRG) verilerinin f¿zyonuyla Alzheimer hastasē ve biliĸsel olarak normal ĸeklinde 2 sēnēf i­in 2 

boyutlu Evriĸimsel Sinir Aĵlarē (ESA) ve Destek Vektºr Makinesi (DVM) sēnēflandērēcē 

kullanēlmēĸtēr. %99.79 doĵruluk deĵerine ulaĸēlmēĸtēr. 

Baĸka bir ­alēĸmada ise Techa ve ark. (2022) tarafēndan ESA mimarisine dayalē yeni bir model 

ºnerilmiĸtir. ¥zellik ­ēkarēmē i­in ºnceden eĵitilmiĸ DenseNet196, VGG16 ve ResNet50 

modelleri ve bir beyin MRG veri seti kullanēlmēĸtēr. Bu model, Kaggle'da yayēnlanan veri setini 

kullanarak %89'luk bir doĵruluk deĵerine ulaĸmēĸtēr. 

Menagadevi ve ark. (2023) ise yaptēklarē ­alēĸmada Kaggle veri seti gºr¿nt¿lerini AH tespiti 

i­in kullanmēĸlardēr. Gºr¿nt¿ ºn iĸlemeyi, modifiye edilmiĸ optimal eĵri eĸikleme ve siyah 

beyaz esnetme ile sekizgen histogram eĸitleme hibrit yaklaĸēmē kullanarak ger­ekleĸtirmiĸlerdir. 

¢ok ºl­ekli havuzlama ve otomatik kodlayēcē mimarisi, beyaz maddenin gºr¿nt¿den ­ēkarēlmasē 

i­in kullanēlmēĸtēr. Sēnēflandērma i­in Destek Vektºr Makinesi (DVM), Ekstrem ¥ĵrenme 

Makinesi (ELM) ve K-en yakēn komĸular algoritmasē (KNN) kullanēlmēĸtēr. DVM, Alzheimer 

hastalēĵē sēnēflandērmasē i­in genel doĵruluĵu Kaggle i­in %99,77 olarak elde edilmiĸtir.  
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Sisodia ve ark. (2023) Alzheimer hastalēĵēnēn ­oklu aĸamalarēnē tespit etmek i­in derin transfer 

ºĵrenme modelleri kullanmēĸlardēr. Veri ºn iĸleme ve ­oĵaltma iĸlemi uygulanarak modelin 

doĵru AH sēnēfēnē tespit etmesi saĵlanmēĸtēr. Daha sonra, AHônēn erken evrelerini 

sēnēflandērmak ve tahmin etmek i­in derin transfer ºĵrenme modelleri (Resnet50, VGG19, 

Xception, DenseNet201 ve EfficientNetB7) kullanmēĸlardēr. Verilere gºre DenseNet201 

modelinin doĵrulama veri seti i­in %96,59 doĵruluk ile en iyi performansē gºstermektedir. 

Resnet50, VGG19, Xception ve EfficientNetB7 modellerinin doĵruluk performansē da sērasēyla 

%93,52, %95,08, %89,77 ve %83,20 olarak kaydedilmiĸtir. 

Helaly ve ark. (2022) tēbbi gºr¿nt¿leri sēnēflandērmak ve AH tespiti i­in iki yºntem 

kullanmēĸlardēr. Ķlk yºntem, 2 Boyutlu ve 3 Boyutlu konvol¿syonu temel alan ADNI veri 

k¿mesinden 2 boyutlu ve 3 boyutlu yapēsal beyin taramalarēyla ilgilenen basit ESA mimarilerini 

kullanēr. Ķkinci yºntem, VGG19 modeli gibi tēbbi gºr¿nt¿ sēnēflandērmalarē i­in ºnceden 

eĵitilmiĸ modellerden yararlanmak i­in transfer ºĵrenimi yaklaĸēmēnē uygulamaktadēr. Deneysel 

sonu­lar, ilk yºntem i­in ESA mimarilerinin hesaplama karmaĸēklēĵēnē, bellek gereksinimlerini, 

fazla uydurmayē azaltan ºzelliklere sahip olduĵunu gºstermektedir. Ayrēca, 2 boyutlu ve 3 

boyutlu ­ok sēnēflē AH aĸamasē sēnēflandērmalarē i­in %93,61 ve %95,17 gibi tatmin edici 

doĵruluklar elde edilmiĸtir. VGG19 ºnceden eĵitilmiĸ modelin ince ayarē yapēlmēĸ ve ­ok sēnēflē 

AH aĸamasē sēnēflandērmalarē i­in %97'lik bir doĵruluk elde edilmiĸtir. 

Acharya ve ark. (2021) ESA ile birlikte transfer ºĵrenimi modelleri olarak VGG16, ResNet -50 

ve AlexNet kullanēlarak Alzheimer hastalēĵē hastalarēnē birden fazla sēnēfa ayērmēĸlardēr.. Hafif 

biliĸsel bozukluk, hafif Alzheimer, orta Alzheimer gibi aĸamalar vardēr. ¥nerilen stratejiler 

sonu­larē AlexNet modeli i­in  %95,70 doĵrulukla gºstermektedir. 

Mehmood ve ark. (2020) demans aĸamalarēnē sēnēflandērmak i­in VGG-16'dan (Oxford Net 

olarak da adlandērēlēr) esinlenerek bir Siyam Evriĸimli Sinir Aĵē (SESA) modeli 

geliĸtirmiĸlerdir. Yaklaĸēmda, veri artērma kullanēlarak yetersiz ve dengesiz verileri 

d¿zeltilmiĸtir. ¥nerilen yaklaĸēm kullanēlarak, demans aĸamalarēnēn sēnēflandērēlmasē i­in 

%99,05'lik bir test doĵruluĵu elde edilmiĸtir.  

¥zi­ ve ¥zĸen (2020) DVM ile beyindeki gri ve beyaz madde kayēplarēnē 3 Boyutlu gºr¿nt¿ler 

¿zerinden sēnflandērma ile incelemiĸlerdir. Gri madde i­in sēnēflandērmada %92.857 doĵruluĵa 

ulaĸēlmēĸtēr. 

Liu ve ark. (2020) Hipokampal segmentasyonu ve hastalēk sēnēflandērmasēnē ortaklaĸa ºĵrenmek 

i­in ­ok gºrevli derin bir ESA modeli oluĸturmuĸlardēr. Ardēndan, sēnēflandērma gºrevi i­in 

hipokampal segmentasyon sonu­larēna dayalē olarak ­ēkarēlan 3 boyutlu yamalarēn ºzelliklerini 

ºĵrenmek i­in bir 3B Yoĵun Baĵlantēlē Konvol¿syon Aĵlarē (3B DenseNet) oluĸturulmuĸtur. 

¢ok gºrevli ESA ve DenseNet modellerinden ºĵrenilen ºzellikler, hastalēk durumunu 

sēnēflandērmak i­in birleĸtirilmiĸtir. ¥nerilen yºntem, Alzheimer Hastalēĵē Nºrogºr¿nt¿leme 

Giriĸimi (ADNI) veritabanēndaki 97 AH, 233 hafif d¿zeyde, 119 saĵlēklē deneĵinden toplanan 

temel T1 aĵērlēklē MRG verileri ¿zerinde deĵerlendirilmiĸtir ve %88.9'luk bir doĵruluk elde 

etmektedir. 

El-Geneedy ve ark. (2023) DenseNet121, ResNet50, VGG 16, EfficientNetB7 ve InceptionV3 

gibi son teknoloji derin ºĵrenme mimarileri yaklaĸēmlarē karĸēlaĸtērēlmēĸlardēr. InceptionV3 

mimarisi i­in 91.38 eĵitim ve 87.71 test doĵruluklarē elde edilmiĸtir. 
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Murugan ve ark. (2021) tarafēndan demansēn dºrt aĸamasēnē gºz ºn¿nde bulundurarak ve belirli 

bir teĸhis ger­ekleĸtirerek ºnerilen model, beynin yapēsēnē kullanarak ­ok katmanlē bir 

algēlayēcēya y¿ksek ­ºz¿n¿rl¿kl¿ hastalēk olasēlēk haritalarē ¿retmekte ve bireysel AH riskinin 

y¿ksek doĵrulukta gºrselleĸtirmelerini saĵlamaktadēr. DEMNET, %95,23'l¿k bir doĵruluk elde 

etmektedir. 

Yēldērēm ve ¢ēnar, (2020) Hibrit bir yºntemde kullanēlan mimariler ile AHônēn ilerleme 

derecesine gºre 4 evrede sēnēflandērmēĸlardēr. ¥nerilen hibrit modelde Resnet50 yºntemi temel 

alēnmēĸtēr. Sonu­lar Alexnet, Resnet50, Densenet201, Vgg16 ve geliĸtirilen hibrit yºntem ile 

ayrē ayrē elde edilmektedir. Geliĸtirilen hibrit model ile %90 doĵruluk saĵlanmēĸtēr. 

Densenet201 i­in 87% Vgg16 i­in 78% Alexnet i­in 86% ve Resnet50 i­in 78% olarak 

bulunmuĸtur. 

Tablo 2. Yapēlan ­alēĸmalarēn doĵruluklarē. 

¢alēĸmalar Doĵruluk 

Houria ve ark. (2022) %99,79 

Techa ve ark. (2022) %89,00 

Menagadevi ve ark. (2023) %99,77 

Sisodia ve ark. (2023) %96,59 

Helaly ve ark. (2022) %97,00 

Acharya ve ark. (2021) %95,70 

Mehmood ve ark. (2020) %99,05 

¥zi­ ve ¥zĸen (2020) %92,86 

Liu ve ark. (2020) %88,90 

El-Geneedy ve ark. (2023) %91,38 

Murugan ve ark. (2021) %95,23 

Yēldērēm ve ¢ēnar (2020) %90,00 

 

2.Materyal ve Metot 

Derin ºĵrenme teknikleri halihazērda geniĸ ­apta incelenmiĸ ve uygulamalarē bir­ok alanda 

denemekte veya kullanēlmaktadēr. Bu uygulamalarēn performansē b¿y¿k ºl­¿de, y¿ksek kaliteli 

ve yeterli verinin toplanmasēna dayanēr (Pan, 2014). Bazē durumlarda kullanēlacak eĵitim 

verisinin yeterli b¿y¿kl¿kte olmamasē sºz konusudur. Bu durumun nedenleri arasēnda verinin 

nadir olarak bulunmasē veya gizlilik ile ilgili endiĸelerin bulunmasē gibi durumlar vardēr. 

¥rneĵin, tēp alanēndaki yeni ve nadir hastalēk teĸhis gºrevleri, hem ºrneklerin nadir olmasē hem 

de mahremiyet endiĸeleri nedeniyle sēnērlē eĵitim verisine sahiptir. Verileri toplamak y¿ksek 

maliyetler getirebilir. ¥rneĵin, etiketleme sadece alanēnda nitelikli uzmanlar tarafēndan 

yapēlmasē gerekiyor olabilir. Bu t¿r senaryolarda, transfer ºĵrenimi performansē artērabilir. 

Kullanēlacak veri k¿mesi, daha fazla verinin olduĵu gºrev veya ºnceden eĵitilmiĸ ¿zerinde 

eĵitilir ve eĵitilen aĵērlēklar, hedef gºrev i­in bir model baĸlatmak ¿zere kullanēlēr (Plested ve 

Gedeon, 2022). Bu metot ­ok g¿­l¿ Grafik Ķĸlemci ¦nitesi (GPU) kullanēlmasa bile az devir 

(Epoch) sayēsēyla baĸarēlē sonu­lar vermektedir. 

Yapēlan ­alēĸmalar incelendiĵinde 3 boyutlu OASIS-3, ADNI ve 2 Boyutlu Kaggle veri seti 

yaygēn olarak kullanēlmēĸtēr. OASIS-3, 15 yēl boyunca Washington ¦niversitesi Knight 
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Alzheimer Hastalēĵē Araĸtērma Merkezi'nde devam eden ­eĸitli araĸtērmalardan toplanan 1098 

katēlēmcēnēn MRG ve Pozitron Emisyon Tomografisi (PET) gºr¿nt¿leme ve ilgili klinik 

verilerinin bir derlemesidir. Katēlēmcēlar, 605 biliĸsel olarak normal yetiĸkin ve yaĸlarē 42 ile 95 

arasēnda deĵiĸen ­eĸitli biliĸsel gerileme aĸamalarēndaki 493 kiĸiyi i­ermektedir. OASIS-3 veri 

seti 2000'den fazla MRG kesiti i­ermektedir (La Montagne ve ark., 2019). ADNI-3 veri seti 

1068 ºrnekten oluĸmaktadēr. 428 saĵlēklē, 425 hafif biliĸsel zayēflēĵē olan ve 215 Alzheimer 

hastasē bireyden oluĸan 3 boyutlu MRG gºr¿nt¿lerinden oluĸan bir veri setidir (Weiner ve ark., 

2017).Bu ­alēĸmada Kaggle veri seti kullanēlmēĸtēr (Dubey, 2023). Kaggle veri seti 3 boyutlu 

verilerden kesit alēnarak elde edilen 2 boyutlu verilerden oluĸan ve 4 sēnēfa sahip bir veri setidir. 

Toplamda 6400 veriden oluĸmaktadēr. Veriler Biliĸsel olarak normal, ­ok hafif biliĸsel 

bozukluk, hafif biliĸsel bozukluk ve orta seviyede biliĸsel bozukluk sēnēflarēna ait olacak ĸekilde 

oluĸturulmuĸtur (ķekil 2). 

Biliĸsel Olarak 

Normal 

¢ok Hafif Biliĸsel 

Bozukluk 

Hafif Biliĸsel 

Bozukluk 

Orta Biliĸsel 

Bozukluk 

    
ķekil 2. ¢alēĸmada kullanēlan Kaggle veri setine ait sēnēflar ve ºrnek resimler. 

 

Yapēlan ­alēĸmada farklē veri setlerine ait 3 boyutlu MR kesitlerinden elde edilen 2 boyuta 

indirgenmiĸ gºr¿nt¿ler kullanēlmēĸtēr. Sºz konusu veriler Google Drive ortamēndan Google 

Colab ortamēna aktarēlmēĸtēr. Veriler test, eĵitim ve doĵrulama klasºrlerine ayrēlmēĸtēr. ¥n 

iĸlemler yapēlarak veri ­oĵaltma uygulanmēĸtēr.  Transfer ¥ĵrenimi metodu kullanēlarak 

Imagenet aĵēnē aĵērlēklarēyla InceptionV3 ve EfficientNetB0V2 modelleri eĵitilmiĸtir. 

Sēnēflandērma katmanēnda 4 sēnēftan oluĸan verileri ayērt etmek i­in Softmax sēnēflandērēcē 

kullanēlmēĸtēr. Her iki model i­in yapēlan eĵitim 10 devir (Epoch) kadar s¿rm¿ĸt¿r. Yapēlan 

­alēĸmada Google Colab tarafēndan sunulan GPU (Grafik Ķĸlemci ¦nitesi) kullanēlmēĸtēr. Veri 

seti Google Drive depolama ortamēna y¿klenerek kullanēlan bilgisayarēn disk ve GPU (Grafik 

Ķĸlemci ¦nitesi) i­in fazladan iĸ y¿k¿ oluĸturmadan eĵitim tamamlanmēĸ ve sonu­lar elde 

edilmiĸtir. Yazēlēm dili olarak Python3 tercih edilmiĸtir. Python dilinde derin ºĵrenme i­in 

Tensorflow ve Keras k¿t¿phaneleri kullanēlmēĸtēr. 

 

3. Bulgular 

Yapēlan ­alēĸmada Imagenet modelinin aĵērlēklarēyla eĵitilen ve Softmax sēnēflandērēcē ile 4 

sēnēfa ayrēlan EfficientNetB0V2 ve InceptionV3 modellerinin eĵitim sonu­larē doĵruluk ve 

kayēp grafikleriyle gºsterilmiĸtir. Karēĸēklēk matrisinde her iki modelin sēnēflarē i­in tek tek 

kesinlik, duyarlēlēk ve F-1 Skoru performans ­ēktēlarē olarak hesaplanēp oluĸturulmuĸtur. 

Yapēlan model eĵitimi sonucunda EfficientNetB0V2 modeli i­in %98.23 genel doĵruluk ve 
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%96.35 doĵrulama doĵruluĵuna, 0,024 genel kayēp ve 0,031 doĵrulama kaybēna ulaĸēlmēĸtēr. 

InceptionV3 modeli i­in %99,96 genel doĵruluk ve %98,96 doĵrulama doĵruluĵuna 0,054 

genel kayēp ve 0,12 doĵrulama kaybēna ulaĸēlmēĸtēr. 

 

 
 ķekil 3. EfficientNetB0V2 modeli i­in doĵruluk grafiĵi. 

 

  

 
ķekil 4. EfficientNetB0V2 modeli kayēp grafiĵi 
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ķekil 5. InceptionV3 modeli i­in doĵruluk grafiĵi 

 

 

 

 

 
ķekil 6. InceptionV3 modeli i­in kayēp grafiĵi 
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ķekil 5 ve ķekil 6 gºsteriyor ki yapēlan ­alēĸma ­ok az sayēda devir(Epoch) ile 

EfficientNetB0V2 ve InceptionV3 modelleri i­in yapēlan ­alēĸmalarla kēyaslandēĵēnda tatmin 

edici bir doĵruluĵa ulaĸēlmēĸtēr. 

 

Tablo 3. EfficientNetB0V2 modeli sēnēf daĵēlēmē 

Sēnēflar Saĵlēklē ¢ok Hafif Hafif Orta 

Saĵlēklē 317 2 0 0 

¢ok Hafif 16 202 2 0 

Hafif 4 1 89 0 

Orta 0 0 0 7 

 

Tablo 4. InceptionV3 modeli sēnēf daĵēlēmē 

Sēnēflar Saĵlēklē ¢ok Hafif Hafif Orta 

Saĵlēklē 318 1 0 0 

¢ok Hafif 3 217 0 0 

Hafif 1 1 92 0 

Orta 0 0 0 7 

 

Elde edilen veriler Doĵru Pozitif (DP), Doĵru Negatif (DN), Yanlēĸ Pozitif (YP) ve Yanlēĸ 

Negatif (YN) olacak ĸekilde deĵerlendirilmiĸtir. 

Kesinlik: Pozitif olarak tahmin edilen deĵerlerin ger­ekten ka­ tanesinin pozitif olduĵunu 

gºstermektedir (Efeoĵlu, 2022). 

                                                                                                                                (1)     

      

Duyarlēlēk: Pozitif olarak tahmin edilmesi gerekenlerin ne kadarēnē pozitif olarak tahmin 

edildiĵini gºsteren bir performans ºl­¿t¿d¿r (Efeoĵlu, 2022). 

                                                                                                                              (2) 

 

F-1 Skoru: Duyarlēlēk ve Kesinlik arasēnda harmonik bir ortalamayē temsil eder (Liu ve ark., 

2014). 

                                                 ςz
ᶻ

                              (3) 
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Tablo 5ôde EfficientNetB0V2 modeli i­in kesinlik duyarlēlēk ve F-1 Skoru ­ēktēlarē verilmiĸtir. 

Tablo 5. EfficientNetB0V2 modeli performans ­ēktēlarē 

 Kesinlik Duyarlēlēk F-1 Skoru 

Saĵlēklē %94,06 %99,37 %96,64 

¢ok Hafif %98,53 %91,81 %95,05 

Hafif %97,80 %94,68 %96,21 

Orta Seviye %100 %100 %100 

 

Tablo 6ôda InceptionV3 modeli i­in kesinlik duyarlēlēk ve F-1 Skoru ­ēktēlarē verilmiĸtir. 

Tablo 6. InceptionV3 modeli performans ­ēktēlarē 

 Kesinlik Duyarlēlēk F-1 Skoru 

Saĵlēklē %98,75 %99,68 %99,21 

¢ok Hafif %99,68 %98,63 %98,85 

Hafif %100 %97,87 %98,92 

Orta Seviye %100 %100 %100 

 

4.Tartēĸma ve Sonu­ 

AH d¿nyada g¿n ge­tik­e artan bir hastalēk haline gelmektedir. Bu hastalēĵēn teĸhisi i­in 

harcanan b¿t­e de paralel olarak artmaktadēr. Tam bir tedavisi m¿mk¿n olmasa bile yavaĸlatēcē 

ºnlemler ile hastalēĵēn ilerlemesi azaltēlabilmektedir. Veri azlēĵē, hastalēĵēn nadir olarak 

­oĵunlukla ileri yaĸta gºr¿lmesi ve pahalē medikal sistemlerle gºr¿nt¿ alēnmasē nedeniyle 

ortaya ­ēkan bir sorundur. Kullanēlan transfer ºĵrenimi yºntemi kēsētlē veriyle y¿ksek 

doĵrulukta hēzlē bir ºĵrenme yapēlmasēnē saĵlamēĸtēr. Yapēlan ­alēĸmada elde edilen sonu­lar 

baĸarē a­ēĸēnda olduk­a tatmin edicidir. Sonu­ olarak transfer ºĵrenimi yºntemi Imagenet 

aĵērlēklarēyla EfficientNetB0V2 ve InceptionV3 modelleri i­in eĵitilmesiyle y¿ksek doĵrulukla 

ayērt edilebildiĵi ortaya konulmuĸ ve ­ēktēlarē sunulmuĸtur. InceptionV3 modeli i­in alēnan 

%99.96 doĵruluk Tablo 2.ôdeki ­alēĸmalarla karĸēlaĸtērēldēĵēnda daha y¿ksek doĵruluk oranēna 

ulaĸēldēĵē gºr¿lmektedir. 
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Abstract: Glass printing is a growing field that offers unique opportunities for 

designers and manufacturers to create custom products with vibrant, high-quality 

images. However, achieving precise color matching in glass printing can be 

challenging due to factors such as material type, ink formulation, substrate 

preparation, and equipment calibration. This article discusses the challenges and 

solutions for achieving precise color matching in glass printing, including using 

white ink on tinted glass, optimizing ink formulation and curing processes, 

improving substrate preparation, and regular equipment calibration. Additionally, 

emerging trends in glass printing, such as digital printing, UV ink, and advanced 

printing techniques, are discussed. The article concludes by emphasizing the 

importance of staying up-to-date with emerging trends and best practices in glass 

printing to achieve the highest level of color accuracy possible. 
 

Keywords: Glass printing, color matching, ink formulation 

 

 

1. Introduction 

Glass printing is an increasingly popular method for producing custom products such as 

decorative tiles, signage, and architectural glass. This technology allows for high-quality, full-

color images to be printed directly onto the glass, resulting in vibrant and long-lasting designs. 

However, achieving precise color matching in glass printing can be challenging due to various 

factors that can affect the final result. 

One of the main challenges in achieving precise color matching in glass printing is the material 

itself. Glass is a highly reflective surface, which can cause the color to appear differently 

depending on the angle of the light source and the viewing angle. Additionally, the transparency 

of the glass can affect the way that the ink appears, and the presence of any tint or color in the 

glass can alter the final result. 

Another challenge in achieving precise color matching is the ink formulation. The ink must be 

specifically formulated for use on glass, and the composition of the ink can affect the color 

accuracy and saturation. Furthermore, the curing process for the ink can affect the final color, as 

well as the durability of the print. 

Other factors that can affect color matching include the preparation of the substrate, the 

calibration of the printing equipment, and the printing technique itself. Each of these factors 

plays a crucial role in ensuring that the final product meets the desired color specifications. 
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In this article, we will discuss the challenges and solutions for achieving precise color matching 

in glass printing. We will explore emerging trends in glass printing, such as digital printing and 

UV ink, as well as best practices for substrate preparation and equipment calibration. 

Ultimately, this article will provide valuable insights into how to achieve the highest level of 

color accuracy possible in glass printing.  

2. Challenges in Achieving Precise Color Matching in Glass Printing  

2.1. Material Type 

The type of glass material used for printing plays a significant role in achieving precise color 

matching. Glass materials can be divided into two categories: clear and tinted. Clear glass is 

transparent and allows light to pass through it without distortion, whereas tinted glass has color 

added to it, making it opaque to some degree. Tinted glass is often used for aesthetic purposes, 

and achieving precise color matching on tinted glass can be challenging. This is because the 

color of the glass substrate can affect the perceived color of the printed image [1]. Additionally, 

the thickness of the glass substrate can also impact color perception. A thicker glass substrate 

can absorb more ink, resulting in a darker printed image than a thinner substrate [2]. 

At the same time, the iron content of the glass also affects the print quality. As the iron content 

in the content increases, darker tones appear than the desired color tone. Glass type is also 

effective in color harmony in printing. There is a distinct color tone difference between printing 

on Ultraclear glass and Flat glass. 

2.2. Variations in Glass Surface 

Glass surfaces can have various surface qualities, including texture, porosity, and reflectivity. 

These surface variations can significantly impact the color accuracy of printed designs [3]. For 

example, a matte glass surface will absorb more ink, resulting in a darker and duller print, while 

a glossy surface will reflect more light, causing the print to appear brighter and more vibrant. 

Therefore, to achieve precise color matching, the glass surface must be carefully prepared to 

ensure consistent ink absorption and light reflection [4]. 

2.3. Ink Formulation 

Ink formulation is another critical factor that affects color matching in glass printing. Different 

ink formulations have different properties, such as viscosity, surface tension, and drying time. 

The properties of the ink can affect the way it interacts with the glass surface and how it absorbs 

light. This can result in color variations in the printed image [5]. Ink formulation plays a crucial 

role in achieving accurate color matching in glass printing. However, glass is a non-porous 

material that requires specialized inks that can adhere to its surface and dry quickly [6]. 

Moreover, the inks must be resistant to environmental factors, such as heat, humidity, and 

sunlight, to prevent fading and discoloration over time. Therefore, selecting the right ink 

formulation that meets all these requirements is essential to achieving precise color matching in 

glass printing [7]. Additionally, the curing process of the ink can also impact the final color of 

the printed image. If the ink is not cured correctly, it can result in color shifts or fading over 

time [8]. 
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2.4. Color Management 

Color management is the process of controlling color accuracy throughout the printing 

workflow. It involves calibrating and profiling the printing devices, creating accurate color 

targets, and ensuring that the final output matches the intended color [9]. However, achieving 

color accuracy in glass printing can be challenging due to the material's transparency and 

reflectivity. Light passing through or reflecting off the glass surface can affect the perceived 

color of the printed design. Therefore, accurate color management in glass printing requires 

specialized tools and techniques, such as spectrophotometers and colorimeters, to measure the 

color accurately [10]. 

2.5. Equipment Calibration 

The calibration of the printing equipment is critical to achieving precise color matching in glass 

printing. The printing equipment must be calibrated to ensure that the colors printed match the 

colors specified in the design file. This requires calibration of the inkjet heads, printer settings, 

and color profiles. If the equipment is not calibrated correctly, it can result in color shifts or 

inconsistent colors in the printed image [11]. 

2.6. Human perception 

Color perception is a complex process that involves the interaction between the human eye and 

the brain. Factors such as age, gender, lighting conditions, and cultural background can 

influence how individuals perceive color [12]. Therefore, achieving precise color matching in 

glass printing can be challenging, as individuals may perceive colors differently. Moreover, 

color perception can be affected by the surrounding environment, such as the colors of adjacent 

surfaces or the lighting conditions. Therefore, it is essential to consider the end-users' 

perspective when achieving precise color matching in glass printing [13]. 

3. Solutions for Achieving Precise Color Matching in Glass Printing 

3.1. Material Type 

One solution for achieving precise color matching on tinted glass is to use white ink as a base 

layer. The white ink can act as a neutral base, reducing the effect of the tinted glass on the final 

printed image. Additionally, using a lighter ink color can help compensate for the darker color 

of a thicker glass substrate [14]. 

3.2. Surface Preparation 

Proper surface preparation is essential for achieving accurate color matching in glass printing. 

Surface treatment techniques such as sandblasting, etching, or polishing can help to create a 

smoother and more even surface, providing a better foundation for ink adhesion [15]. And using 

specialized ink formulations that can adhere well to uneven surfaces can help to improve color 

consistency. Additionally, the use of specialized cleaning solutions can ensure that the glass 

substrate is free of contaminants that can affect ink adhesion. The substrate can also be treated 

with anti-reflective coatings to reduce glare and improve color accuracy [16]. 
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3.3. Ink Selection and Formulation 

Selecting the right ink formulation is critical for achieving accurate color matching in glass 

printing. Ink manufacturers offer a variety of ink formulations designed for different types of 

glass surfaces, including clear, frosted, and textured glass. It's essential to choose an ink 

formulation that matches the desired color and has the right level of opacity or translucency to 

achieve the intended color and effect [17]. 

Ink formulation plays a significant role in achieving precise color matching in glass printing. 

Different types of ink can have varying levels of opacity, translucency, and reflectivity, which 

can affect the way light interacts with the glass surface and the printed design. Moreover, the 

ink's viscosity, drying time, and curing process can affect color accuracy and consistency. 

Density determination by viscometer is shown in Figure 1. 

 

Figure 1. Density Determination by Viscometer 

For example, when printing on clear glass, using opaque ink can result in a darker and more 

saturated color than intended, while using translucent ink can result in a lighter and less vibrant 

color [18]. Therefore, selecting the right ink formulation is critical for achieving accurate color 

matching in glass printing. 
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3.4. Color Management 

Accurate color management is critical to achieving precise color matching in glass printing. 

This involves using specialized tools and techniques to calibrate and profile the printing 

devices, create accurate color targets, and ensure that the final output matches the intended 

color. In glass printing, specialized color management tools and techniques are required to 

account for the material's transparency and reflectivity. For example, spectrophotometers and 

colorimeters can measure the color accurately by measuring the light that passes through or 

reflects off the glass surface [19]. Additionally, color management software can help designers 

and printers simulate how the printed design will appear under different lighting conditions, 

enabling them to adjust the color accordingly [20]. 

Moreover, color management experts can provide guidance on color matching techniques, 

including selecting the right color profiles, color calibration, and using color standards such as 

Pantone or RAL [21]. L, a, b color values should also be used effectively in color matching. In 

Figure 2, the colors expressed by the L, a, b values are given. 

 

 

Figure 2. Semantic Distribution of Color Measurement Values 

 

3.5. Equipment Calibration 

Calibration of the printing equipment is critical to achieving precise color matching in glass 

printing. The equipment must be calibrated regularly to ensure that the colors printed match the 

colors specified in the design file. This can be achieved through the use of color management 

software, which can create and apply color profiles to the printing equipment. Additionally, 
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inkjet heads can be calibrated to ensure that the ink is deposited accurately and consistently on 

the glass substrate [22]. 

If we give an example from screen printing, the template and scraper height, squeegee angle and 

speed of the machine are effective in printing color and pattern. Also the tension meter is a tool 

used in screen printing to measure the tension of the screen mesh. Proper tension is crucial in 

achieving high-quality prints, as it ensures that the ink is evenly distributed across the screen 

and that the print is sharp and clear. 

The tension meter works by applying a known amount of pressure to the screen mesh and 

measuring the amount of deflection or stretch that occurs. The screen tension is then calculated 

based on the amount of pressure applied and the amount of stretch that occurred. Figure 3 shows 

an example of tension measurement of the screen mesh. 

 

Figure 3. Screen Mesh Tension Measurement with Tensionmeter 

3.6. User Testing 

User testing is an effective way to overcome human perception challenges in achieving precise 

color matching in glass printing. Creating color samples or prototypes and showing them to a 

representative group of end-users under different lighting conditions can provide valuable 

feedback on how the design appears under different lighting conditions and how it is perceived 

by different individuals. Based on the feedback, adjustments can be made to the design or color 

management process to achieve more accurate color matching. 

Moreover, involving end-users in the color selection process can help to ensure that the printed 

design matches their expectations and preferences. This can lead to higher customer satisfaction 

and reduce the need for costly reprints. 

4. Emerging Trends in Glass Printing 

The field of glass printing is continuously evolving, and there are emerging trends that can 

impact color matching in glass printing. 
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4.1. Digital Printing 

Digital printing is becoming more prevalent in glass printing. Digital printing allows for precise 

control over ink deposition, resulting in more consistent and accurate colors. Additionally, 

digital printing can reduce the need for expensive tooling and setup costs associated with 

traditional screen printing [23]. 

4.2. UV Ink 

UV-curable inks are becoming increasingly popular in glass printing. UV inks cure quickly, 

reducing the risk of color shift or fading over time. Additionally, UV inks can be formulated to 

produce vibrant colors and can be used on a range of glass substrates [24]. 

4.3. Advanced Printing Techniques 

Advanced printing techniques, such as direct-to-glass printing, are also emerging in the field of 

glass printing. Direct-to-glass printing involves printing directly onto the glass surface without 

the need for a transfer film or pre-treatment coating. This technique can improve color accuracy 

and reduce production time and costs [25]. 

5. Conclusion 

Achieving precise color matching in glass printing is essential to ensure that the final product 

meets the desired specifications. However, this can be challenging due to various factors that 

can affect the final result. In this article, we have discussed several solutions to overcome these 

challenges and achieve the highest level of color accuracy possible in glass printing. 

One solution is to use white ink on tinted glass to create a neutral base color that will enhance 

the vibrancy and accuracy of the ink colors. Additionally, optimizing ink formulation and curing 

processes can improve color accuracy and durability. Improving substrate preparation, such as 

using special coatings or treatments, can also enhance the ink adhesion and color consistency. 

Equipment calibration is another critical factor in achieving precise color matching. Regular 

calibration of the printing equipment, including inkjet heads and software, can ensure that the 

ink is delivered precisely to the substrate. Moreover, advanced printing techniques such as 

direct-to-glass printing, digital printing, and UV ink can further enhance color accuracy and 

reduce the time and cost of production. 

In conclusion, achieving precise color matching in glass printing requires a combination of 

specialized equipment, ink formulation, substrate preparation, and best practices in printing 

techniques. By staying up-to-date with emerging trends and incorporating best practices into the 

production process, manufacturers and designers can produce high-quality and visually stunning 

glass prints that meet their desired color specifications.  
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¥zet: Ķnsanlarēn ortalama g¿nde 8 saat ­alēĸtēĵē d¿ĸ¿n¿l¿rse, ­alēĸma ortamlarēnēn 

insan saĵlēĵē ¿zerinde ­ok ºnemli etkilere sahip olduĵu aĸik©rdēr. ¥nemli kirletici 

gruplarēndan olan Polisiklik Aromatik Hidrokarbonlar (PAHôlar) ­alēĸma 

alanēndaki varlēĵē ­alēĸan saĵlēĵē a­ēsēndan b¿y¿k risk teĸkil etmektedir. PAHôlarēn 

insanlar i­in kanserojen ya da muhtemel kanserojen olarak tanēmlandēklarēndan 

ºzellikle ­alēĸma ĸartlarē dikkate alēnarak mesleki gruplar a­ēsēndan izlenmeleri 

b¿y¿k ºnem taĸēmaktadēr. . Bu zamana kadar mesleki maruziyetler ¿zerine yapēlan 

­alēĸmalar incelendiĵinde, bunlarēn genel i­ ortam havasēnēn ºrneklenmesi, 

idrarda biyobelirte­ler ya da mevcut veriler iĸlenerek vaka-kontrol ­alēĸmalarē ile 

sēnērlē kaldēĵē gºr¿lm¿ĸt¿r. Dolayēsēyla ­alēĸanlarēn kiĸisel maruziyetlerini 

belirlemek i­in soluduklarē havayē en iyi sim¿le eden yºntemlerin belirlenmesinin 

gerekliliĵi ortaya ­ēkmaktadēr. Bu ­alēĸma kapsamēnda bir ¿niversite yerleĸkesinde 

bulunan kantinde ­alēĸanlarēn yakalarēna takēlan ve soluduklarē havayē temsil eden 

kiĸisel kaskat ºrnekleyici kullanēlarak piĸirme iĸlemi yapēlan ēzgaradan 

kaynaklanan kirleticilere maruz kalma d¿zeylerinin belirlenmesi ama­lanmēĸtēr. 

Aynē zamanda kaskat ºrnekleyici modifiye edilip cam kolona re­ine doldurularak 

gaz fazēnda bulunabilecek PAH seviyeleri de belirlenmiĸtir. ¥rnekleme farklē 

g¿nlerde ve 5 g¿n s¿reyle yapēlmēĸtēr. Sonu­lar incelendiĵinde 9,8 Õmôden b¿y¿k 

partik¿llerde ve 1,55 Õm k¿­¿k partik¿llerde y¿ksek PAH konsantrasyonlarē 

bulunmuĸtur. Saĵlēk etkisi d¿ĸ¿n¿ld¿ĵ¿nde 1,55 Õmôden k¿­¿k partik¿llerin 

yoĵunluĵunun fazla olmasē dikkat ­ekici bir noktadēr. G¿nl¿k toplam PAH 

konsantrasyon ortalamasē 265,0 - 570,4 ng/m3 aralēĵēnda deĵiĸmektedir.  

 

Anahtar Kelimeler: PAH, kiĸisel kaskat ºrnekleyici, kiĸisel maruziyet 

 

 

 

Giriĸ 

Ortamdaki hava kirliliĵi ­alēĸanlarda konsantrasyon d¿ĸ¿kl¿ĵ¿, baĸ aĵrēsē, burun akēntēsē, 

halsizlik gibi sorunlarē beraberinde getiren Hasta Bina Sendromuna neden olmaktadēr. Daha ­ok 

ofis ­alēĸanlarēnda gºzlemlenen ve Amerikan ¢evre Koruma Ajansēônēn verilerine gºre 

m¿cadele edilmesi gereken ilk 10 saĵlēk sorunu arasēnda 4. sēraya yerleĸtirilmiĸ olan ñHasta 

Bina Sendromuò, ­alēĸma s¿resi boyunca yetersiz havalandērma koĸullarēnda mevcut 

kirleticilere maruz kalēnmasē durumunda ortaya ­ēkar (Akal, 2013). Dolayēsēyla, ­alēĸan 

saĵlēĵēnē korumak adēna d¿zenli ºl­¿mler yapmak gerekli ºnlemlerin alēnabilmesi a­ēsēndan 

ºnem arz etmektedir. Avrupa Birliĵi ve ABD ¢evre Ajansē havada bulunan ve saĵlēĵa olumsuz 

etkileri olan kirleticilerin listesini ve bunlarēn limit deĵerlerini kapsayan bir mevzuat 

geliĸtirmiĸtir (https://ec.europa.eu/environment/air/quality/standards.htm). Bu listede yer alan 
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ºnemli kirletici gruplarēndan olan PAHôlar ­alēĸma alanēndaki varlēĵē ­alēĸan saĵlēĵē a­ēsēndan 

b¿y¿k risk teĸkil etmektedir. PAHôlar insanlar i­in kanserojen ya da muhtemel kanserojen 

olarak tanēmlandēklarēndan ºzellikle ­alēĸma ĸartlarē dikkate alēnarak mesleki gruplar a­ēsēndan 

izlenmeleri b¿y¿k ºnem taĸēmaktadēr. Mesleki maruziyet sēnērlarē genellikle bir iĸ g¿n¿ (8 saat) 

veya kēsa vadeli bir eĸik sēnērēndaki zaman aĵērlēklē ortalama hava konsantrasyonlarēna 

dayandērēlmaktadēr. Ķsve­'te, naftalin ve benzo(a)piren mesleki maruziyet sēnērlarē 

yayēnlanmēĸtēr (AFS, 2015: 7). ABD ¢evre Koruma Ajansē (US EPA) 16 ºncelikli PAH 

grubunu sēnēflandērmēĸ ve bunlardan on birine, benzo (a) pirene gºre kanser potansiyeline dayalē 

olarak toksik eĸdeĵerlik faktºrleri atamēĸtēr. Bu nedenle, maruziyet ­alēĸmalarēna dahil edilen 

PAH'larēn sayēsēnē en ¿st d¿zeye ­ēkarmak, maruz kalma senaryolarē ve ilgili riskler hakkēndaki 

bilgi birikiminin artērēlmasē i­in mesleki gruplarēn maruziyet a­ēsēndan incelenmesi b¿y¿k ºnem 

taĸēmaktadēr. 

Partik¿l boyutu kirleticilerin saĵlēk ¿zerine etkileri ile direkt olarak iliĸkilidir. 10 mikrondan 

b¿y¿k partik¿llerin ­oĵu burun ve nazofarenkslerde tutulurken 10 mikrondan k¿­¿k olanlar 

bronĸlarda birikmektedir. Bununla birlikte 1-2 mikron ­apēndakiler alveollere kadar inebilirken 

0,1 mikron ­apēndaki partik¿ller ise daha da i­eriye intrakapiller aralēĵa dif¿ze olabilmektedirler 

(¥zdemir vd. 2010; Toprak vd., 2013; Uzun vd., 2019). Akciĵerlerin en derinlerine n¿fuz 

edebilen boyutlardaki partik¿llere tutunmuĸ kirleticilerin uzun s¿re solunmasē ciddi saĵlēk 

sorunlarēnēn yaĸanmasēna sebebiyet vermektedir. T¦ĶKôin 2019 yēlē i­in a­ēkladēĵē istatistikler 

incelendiĵinde T¿rkiyeôdeki ºl¿mlerin ikinci b¿y¿k kēsmē, %18,4 ile iyi ve kºt¿ huylu 

t¿mºrlerden kaynaklandēĵē gºr¿lmekte ve bu t¿mºrlerin %30,2ôsini gērtlak ve soluk borusu / 

bronĸ / akciĵer t¿mºrleri oluĸturmaktadēr. Kanserojenik/mutajenik yapēsē bir­ok ­alēĸmada 

kanētlanmēĸ olan PAHôlarēn (Alver vd., 2012; Vu vd., 2011) farklē boyutlardaki 

konsantrasyonlarēnēn incelenmesi bu bakēmdan ºnem arz etmektedir. PAHôlarēn ºzellikle 

benz[a]antrazen benzo[a]piren benzo[b]fluoranten, benzo[j]fluoranten, benzo[k]fluoranten, 

krizen, dibenz[a,h]antrazen ve indeno [1,2,3-c,d]piren gibi t¿rlerinin canlē saĵēlēĵē i­in ­ok 

zararlē olabildiĵi, laboratuvar hayvanlarēnda solunum, beslenme ve dokunma yoluyla 

etkileĸimde t¿mºre sebep olduĵu rapor edilmiĸtir (Kurada, 2015). Yapēlan baĸka bir ­alēĸmada 

PAHôlara maruz kalma ile doĵuĸtan kalp hastalēklarēna sahip olma arasēndaki iliĸkinin 

belirlenmesi i­in Ulusal Doĵum Kusurlarēnē ¥nleme ¢alēĸmasē'ndan (1997ï2011) elde edilen 

verileri kullanarak, annenin PAH'lara maruziyeti ile bebeklerde oluĸabilecek kalp hastalēklarē 

arasēndaki iliĸkiyi incelemek i­in bir vaka-kontrol ­alēĸmasē y¿r¿t¿lm¿ĸt¿r. Gebe kalmadan 

ºnceki aydan itibaren annenin mesleĵi ve ­alēĸma ĸartlarē da dikkate alēnarak k¿m¿latif PAH 

maruziyetleri nicel olarak haritalanmēĸtēr. Sonu­lar gebeliĵin erken dºnemlerinde tahmini 

k¿m¿latif mesleki PAH maruziyetinin en y¿ksek ­eyreĵinde yer alan kadēnlarēn, mesleki PAH 

maruziyeti olmayan kadēnlara kēyasla, kalp kusuru olan ­ocuklara sahip olma olasēlēĵēnēn daha 

y¿ksek olduĵunu gºstermiĸtir (Patel vd., 2020). Yapēlan ­alēĸmalar, ateĸe dayanēklē malzemeler 

ve bit¿m ¿reten fabrikalarda iĸyeri ortamēnda artan PAH konsantrasyonlarēna maruz kalan 

iĸ­ilerin beyaz kan h¿crelerinde DNA ipliĵi kērēlmalarēna neden olabileceĵini gºstermiĸtir 

(Marczynski vd., 2005; Cavallo vd., 2006; Chao vd., 2008). Dahasē, mesleki olarak PAH'a 

maruz kalan kok fērēnē iĸ­ilerinde DNA hasarē veya oksidatif hasar lezyonlarē gºr¿lme 

ihtimalinin ­ok daha y¿ksek olduĵu bulunmuĸtur (Cheng vd., 2005; Chao vd., 2008). Bu veriler, 

PAH'larēn genotoksik maddeler olduĵunu gºstermektedir. Yakēn zamanda yapēlan bir mesleki 

­alēĸma, PAH ile maruziyetine neden olan meslek gruplarēnēn, akciĵer ve mesane kanseri 

risklerinin arttēĵēnē gºstermiĸtir (Bosetti vd., 2007). Epidemiyolojik bir ­alēĸma, demir ve ­elik 
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dºk¿mhanesi iĸ­ilerinde akciĵer ve mesane kanseri riskinin daha y¿ksek olduĵunu da 

gºstermiĸtir (Bosetti vd., 2007). 

PAH'larēn mutajenik, toksik ve kanserojen olduĵu bilinmektedir ve bu olumsuz saĵlēk 

etkilerinden dolayē ­evrede bulunan miktarlar, yiyecek ve i­ecekler insan saĵlēĵē i­in ºnemli 

hale gelmiĸtir. Evde PAH'lar t¿t¿n dumanēnda, yanan odun dumanēnda, tahēllarda, ekmekte, 

sebzelerde, meyvelerde, etlerde, iĸlenmiĸ veya salamura edilmiĸ ¿r¿nlerde, kontamine inek 

s¿t¿nde veya anne s¿t¿nde bulunur. Kirlenmiĸ toprakta, havada ve suda yetiĸtirilen ¿r¿nler de 

PAH'lar i­erir. Et veya diĵer yiyecekleri ēzgarada veya y¿ksek sēcaklēklarda piĸirmek, 

yiyeceklerdeki PAH miktarēnēn artmasēna neden olur (Ġimko, 2002). Avrupa Gēda G¿venliĵi 

Otoritesi (EFSA); et ve et ¿r¿nlerinin, t¿keticilerin g¿nl¿k diyet PAH bileĸiklerini almasēna 

neden olan en ºnemli gēda kaynaklarēndan biri olduĵunu bildirmiĸtir. Et ¿r¿nlerinde oluĸan 

PAH bileĸiklerinin miktarē etin yaĵ i­eriĵine, oksijen konsantrasyonuna, iĸlemede kullanēlan ēsē 

kaynaĵēnēn t¿r¿ ve sēcaklēĵē, gēda ile ēsē kaynaĵē arasēndaki mesafe ve iĸlem s¿resi (Onopiuk 

vd., 2021). ¥zellikle gēdanēn alevle direkt temasē, ēsēl iĸlem s¿resinin uzamasē ve ēsēl iĸlem 

sēcaklēĵēnēn y¿ksek olmasē Proteinli Gēdalardaki PAH bileĸiklerinin miktarēnē arttērmaktadēr 

PAHôlar ve partik¿l maddelerin, hava, su ve toprak gibi ortamlardaki konsantrasyon deĵerleri, 

bu t¿r ortamlardaki davranēĸ ve taĸēnēmlarē t¿m d¿nyada araĸtērma konusu olmuĸtur. Aynē 

ĸekilde literat¿rde i­ ortamlardaki seviyeleri ile ilgili de bir­ok araĸtērma yapēlmēĸtēr. Ancak 

meslek gruplarēnda ­alēĸanlarēn maruziyeti ¿zerine yapēlan ­alēĸmalar ­ok sēnērlēdēr. Literat¿rde 

yapēlan iĸyerlerinde PAH maruziyetinin izlenmesi ­alēĸmalarē genellikle ­alēĸanlarēn idrar 

ºrnekleri toplanarak yapēlan biyobelirte­ler ile ya da ­alēĸēlan i­ ortam havasēnēn incelenmesi 

yoluyla ger­ekleĸtirilmiĸtir. Kiĸisel pasif hava ºrnekleyicileri olarak poli¿retan kºp¿k kullanēlan 

yapēlan az sayēda ­alēĸma da mevcuttur. Fakat kiĸisel maruziyet ile ilgili ­alēĸma mevcut 

deĵildir. Dolayēsēyla ­alēĸanlarēn kiĸisel maruziyetlerini belirlemek i­in soluduklarē havayē en 

iyi sim¿le eden yºntemlerin belirlenmesinin gerekliliĵi ortaya ­ēkmaktadēr. Bu ­alēĸmada daha 

ºnceden yapēlan ­alēĸmalardan farklē olarak kiĸinin yakasēna takēlan ve soluduĵu havayē temsil 

edecek kaskat tipi kiĸisel ºrnekleyici ile kiĸisel maruziyetler ilk defa belirlenmiĸtir. Bunun 

yanēnda insan saĵlēĵē i­in ­ok ºnemli olan partik¿l boyutlarē da 7 farklē boyut i­in ilk defa 

yapēlacak olup farklē par­acēk boyutlarēnda tutunan PAH t¿rleri ve konsatrasyon deĵerleri 

belirlenmiĸtir.  

Materyal ve Metod 

Belirlenen meslek grubunda ­alēĸan bireylerin kiĸisel PAH maruziyetlerini ºl­mek i­in 

¿niversite yerleĸkesinde bulunan kantin ēzgarasē se­ilmiĸtir. Bu kapsamda se­ilen iĸletmenin 

PAH konsantrasyonunun maruziyet ¿zerindeki etkileri belirlenmiĸtir. Bu kiĸi bir iĸ g¿n¿ 

boyunca kiĸisel kaskat (­ok katlē) ºrnekleyiciyi taĸēmak zorundaydē. ¢alēĸma koĸullarēndaki 

olasē deĵiĸiklikleri belirlemek i­in ºrnekleme haftanēn her g¿n¿n¿ temsil eden farklē g¿nlerde 5 

kez tekrarlanmēĸtēr. 

Kiĸisel maruziyeti belirlemede, kiĸinin soluduĵu havayē sim¿le etmek i­in yakanēn yakēnēna 

kiĸisel kaskat ºrnekleyici tertibatē takēlmēĸtēr. Bu ama­la 34 mm ­apēnda cam y¿n¿ filtreler 

kullanēlarak ­alēĸan Tisch markalē 6 aĸamalē kiĸisel kaskat ºrnekleyici (TE-296) kullanēlmēĸtēr. 

Bu aparat ile 7 farklē partik¿l b¿y¿kl¿ĵ¿nde numune toplanabilmektedir (>9.8, 9.8-6, 6-3.5, 3.5-



 INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) 

 

148  
Proceedings Book  

 

1.55, 1.55-0.93, 0.93-0.52 ve <0.52 Õm). Cihazēn ºzel tasarēmēndaki temel ama­, insan ¿st 

solunum yollarēndan alveollere kadar t¿m solunum sistemini etkileyen cut-off ­aplē partik¿llerin 

ºrneklenmesidir. Bu nedenle, kiĸisel kaskat ºrnekleyici ile toplanan par­acēklar, insanlar 

tarafēndan solunabilen ve akciĵerlerin farklē bºlgelerine inebilen tozu temsil eder (ķekil 1). 

¥rnekleme sisteminin en ºnemli unsurlarēndan biri akēĸ kontrol¿d¿r. Hava akēĸē, sisteme kalēcē 

olarak takēlan bir akēĸ ºl­er tarafēndan kontrol edilmiĸtir. Akēĸ kontrol¿ i­in sisteme bir hava 

ºl­er de eklenmiĸtir. Vakum pompasē tarafēndan ­ekilen hava numunesi ºnce Kaskat ­arpma 

tertibatēndan sonra debimetreye ve oradan da hava ºl­ere ge­miĸtir. ¥rnekleyici, kullanēmē 

pratik ve ­ok hafif olduĵundan kullanēcēyē rahatsēz etmeyecek ĸekilde tasarlanmēĸtēr. Ek olarak, 

kademeli ­arpma tertibatē, ­arpma tertibatēnēn ­ēkēĸēna XAD re­inesi ile doldurulmuĸ bir cam 

t¿p eklenerek gaz halindeki PAH'larē toplamak ¿zere modifiye edilmiĸtir. 

 

ķekil 1. Kiĸisel kaskat ºrnekleyici, kesme yarē­aplarē ve bu boyutlarēn insan v¿cuduna etkileri 

Sonu­ olarak, 5 g¿nl¿k numune alma sonucunda 7 farklē partik¿l boyutunda toplam 35 numune 

ve 5 re­ine numunesi alēnmēĸtēr. Numuneler toplandēktan sonra kaskattaki filtreler steril bir 

ĸekilde ­ēkarēlmēĸtēr. ¢ēkartēlan filtreler ĸiĸelere yerleĸtirilmiĸ ve ¿zerine 30 ml aseton hekzan 

karēĸēmē (1:1) eklenmiĸtir. Re­ineler i­in de aynē iĸlem uygulanmēĸtēr. Ekstraksiyondan ºnce, 

t¿m ºrneklere ĸahit standartlar eklenmiĸ ve bir gece boyunca karanlēkta tutulmuĸtur. Ardēndan 

kalēntēlarē gidermek i­in cam y¿n¿ yardēmēyla filtreleme yapēlmēĸtēr. Daha sonra ekstrakt hacmi 

50 derece su sēcaklēĵēnda dºner buharlaĸtērēcē kullanēlarak 5 ml'ye d¿ĸ¿r¿lm¿ĸt¿r. Birinci 

buharlaĸtērmadan sonra numuneye 10 ml heksan ilave edilmiĸ ve tekrarlanmēĸtēr. Bu 

buharlaĸtērmanēn ardēndan 5 ml daha hekzan ilave edilerek son buharlaĸtērma iĸlemi 

ger­ekleĸtirilmiĸtir. Bºylece, aseton numunenin tamamēnda ­ēkarēlmēĸ hekzana aktarēm 

yapēlmēĸtēr. Bu iĸlem tamamlandēktan sonra azot gazē kullanēlarak 100 Õl nihai numune hacmi 

elde edilmiĸtir. Bu prosed¿r t¿m ºrneklere uygulanmēĸtēr. Filtrelerin ekstraksiyonundan ve 

hacim azalmasēndan sonra, Agilent (6890N) GC/MS (5975C inert MSD) cihazē ile HP5-MS (30 

m, 0.25 mm, 0.25 um) kolonu kullanēlarak PAH analizleri yapēlmēĸtēr. 
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Sonu­ 

Bu ­alēĸma, ēzgara ile piĸirme iĸinde ­alēĸan iĸ­ilerin kiĸisel PAH maruziyetini hesaplamak i­in 

yapēlmēĸtēr. Bu kapsamda ¿niversitesi yerleĸkesinde bulunan kantinde 5 g¿n boyunca ºrnekleme 

yapēlmēĸ ve sonu­lar her bir partik¿l boyutu i­in bireysel PAH'larēn genel ortalamasē i­in Tablo 

1'de verilmiĸtir. PAH'lar ­oĵunlukla 9,8 partik¿l boyutundan b¿y¿k ve 9,8 Õm ve 1,55 Õm 

aralēĵēnda birikmiĸtir. 1,55 Õm'den k¿­¿k par­acēklarēn saĵlēk etkisi gºz ºn¿ne alēndēĵēnda, bu 

par­acēk aralēklarēnēn (yaklaĸēk 1700 ng/m
3
) altēndaki y¿ksek PAH konsantrasyonlarē nedeniyle 

bu sonu­lar ­ok ºnemlidir. 

Tablo 1. 5 g¿n boyunca elde edilen her par­acēk boyutu i­in ortalama PAH konsantrasyonu 

(ng/m
3
). 

 

> 9.8 

Õm 9.8 Õm 6 Õm 3.5 Õm 1.55 Õm 0.93 Õm 0.52 Õm 

<0.52 

Õm 

ACY 23.0 25.7 14.5 17.7 19.8 22.7 26.9 24.8 

ACT 6.9 5.8 5.1 5.0 4.7 5.9 7.5 5.2 

FLN 33.2 40.1 22.6 22.3 35.0 29.3 34.5 30.5 

PHE 306.3 382.6 136.0 146.9 290.8 194.8 234.5 198.6 

ANT 16.6 17.5 6.0 6.3 7.8 7.4 7.3 7.7 

FL 71.5 81.7 30.8 30.0 69.7 36.1 37.8 38.4 

PY 49.2 58.4 20.3 19.1 46.4 24.1 27.6 24.9 

BaA 10.6 6.3 3.4 3.9 4.9 9.1 5.1 7.0 

CHR 14.9 16.2 6.6 8.9 9.1 5.6 47.8 8.1 

BbF 14.0 16.2 7.9 4.4 17.9 6.4 8.2 7.9 

BkF 8.2 9.7 3.7 2.2 13.4 4.0 4.9 3.7 

BaP 6.8 2.7 4.0 3.5 5.3 3.6 3.7 2.9 

IcdP 3.9 3.1 1.3 0.8 2.3 1.5 1.2 0.5 

DahA 3.9 3.5 2.2 1.2 2.8 1.7 6.5 2.2 

BghiP 1.5 1.2 0.8 1.0 0.5 0.7 0.6 0.9 

×16PAH 570.4 670.6 265.0 273.3 530.6 352.6 454.1 363.4 

*Naphthalene (NAP), Acenaphthylene (ACY), Acenaphthene (ACT), Fluorene (FLN), 

Phenanthrene (PHE), Anthracene (ANT), Fluoranthene (FL), Pyrene (PY), 

Benz(a)anthracene (BaA), Chrysene (CHR), Benzo(b)fluoranthene (BbF), 

Benzo(k)fluoranthene (BkF), Benzo(a)pyrene (BaP), Indeno(1,2,3-cd)pyren (IcdP), 

Dibenz(a,h)anthracene (DahA), Benzo(g,h,i)perylene (BghiP).  

Ortalama PAH konsantrasyonlarē, her par­acēk boyutu i­in elde edilen t¿m konsantrasyonlar 

tablolaĸtērēlmēĸ ve genel ortalama PAH'lar elde edilmiĸtir (ķekil 2). ķekilden gºr¿lebileceĵi gibi, 

PHE en baskēn PAH'lar olarak bulunmuĸ, ardēndan FL, PY ve FLN gelmiĸtir. Bu sonu­larēn 

hava, toprak ve su gibi farklē ­evresel bºl¿mler i­in literat¿rle tutarlē olduĵu gºzlemlenmiĸtir.  
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Birinci g¿n analizlerinde bulunan PAH konsantrasyonlarē sērasēyla; PHE, CHR, FLN, BaA, FL, 

PY ve DahA fazla bulunmuĸtur. Ķlk g¿nde elde edilen verilerde, her par­acēk boyutu i­in toplam 

PAH konsantrasyonu birikimi 9,8 Õmôden b¿y¿k olanlar, 9,8 Õm- 6Õm aralēĵēnda olanlar ve 

0,93 Õm ï 0,52Õm aralēĵēnda olanlar fazla bulunmuĸtur. Toplam PAH 1293 ng/m
3
 olarak 

hesaplanmēĸtēr. Ķkinci g¿n analizlerinde bulunan PAH konsantrasyonlarē sērasēyla; PHE, CHR, 

FL ve PY fazla bulunmuĸtur. Ķkinci g¿nde elde edilen verilerde, her par­acēk boyutu i­in toplam 

PAH konsantrasyonu birikimi 9,8 Õmôden b¿y¿k olanlar, 9,8 Õm- 6Õm aralēĵēnda olanlar ve 

0,93 Õm ï 0,52Õm aralēĵēnda olanlar ve 0,52Õm k¿­¿k olan konsantrasyonlar fazla 

bulunmuĸtur. Toplam PAH 1991 ng/m
3
 olarak hesaplanmēĸtēr. ¦­¿nc¿ g¿n analizlerinde 

bulunan PAH konsantrasyonlarē sērasēyla; PHE, FLN, FL ve PY fazla bulunmuĸtur. ¦­¿nc¿ 

g¿nde elde edilen verilerde, her par­acēk boyutu i­in toplam PAH konsantrasyonu birikimi 9,8 

Õmôden b¿y¿k olanlar, 9,8 Õm- 6Õm aralēĵēnda olanlar ve 0,93 Õm ï 0,52Õm aralēĵēnda olanlar 

fazla bulunmuĸtur. Toplam PAH 2915 ng/m
3
 olarak hesaplanmēĸtēr. Dºrd¿nc¿ g¿n analizlerinde 

bulunan PAH konsantrasyonlarē sērasēyla; PHE, FLN, FL ve PY fazla bulunmuĸtur. Dºrd¿nc¿ 

g¿nde elde edilen verilerde, her par­acēk boyutu i­in toplam PAH konsantrasyonu birikimi her 

boyut aralēĵēnda fazla bulunmuĸtur. Toplam PAH 4002 ng/m
3
 olarak hesaplanmēĸtēr. Beĸinci ve 

son g¿n analizlerinde bulunan PAH konsantrasyonlarē sērasēyla; PHE, FL ve PY fazla 

bulunmuĸtur. Beĸinci g¿nde elde edilen verilerde, her par­acēk boyutu i­in toplam PAH 

konsantrasyonu birikimi 9,8 Õmôden b¿y¿k olanlar, 9,8 Õm- 6Õm aralēĵēnda olanlar ve 3,5 Õm ï 

1,55Õm aralēĵēnda olanlar fazla bulunmuĸtur. Toplam PAH 7199 ng/m
3
 olarak hesaplanmēĸtēr. 

 

ķekil 2. Partik¿l ve gaz fazlarē i­in 5 g¿n boyunca elde edilen genel ortalama PAH 

konsantrasyonlarē. 
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Tablo 2. Her par­acēk boyutu i­in toplam PAH konsantrasyonlarē. 

  

> 9.8 

Õm 

9.8 

Õm 6 Õm 

3.5 

Õm 

1.55 

Õm 

0.93 

Õm 

0.52 

Õm 

< 0.52 

Õm Toplam 

1. g¿n 331.7 177.7 56.7 92.8 79.5 47.6 318.6 188.4 1293 

2. g¿n 158.1 351.5 97.0 114.6 159.8 410.1 452.5 247.8 1991 

3. g¿n 367.1 358.2 360.0 267.7 267.6 373.9 547.6 372.7 2915 

4. g¿n 569.8 532.3 388.4 524.7 500.9 435.3 491.9 558.8 4002 

5. g¿n 1426 1934 423.0 366.8 1645 496.3 459.7 449.2 7199 

Ortalama 570.4 670.6 265.0 273.3 530.6 352.6 454.1 363.4 3480 

 

Tablodan da gºr¿lebileceĵi gibi, muhtemelen ºĵle yemeĵini kafede yiyen ºĵrenci sayēsēndan 

dolayē, toplam PAH konsantrasyonlarēnēn g¿nden g¿ne farklē olduĵu bulunmuĸtur. 

¥rneklemeye bahar dºneminin ilk g¿n¿ baĸlanmēĸ olup, ºrneklemenin ilk 3 g¿n¿ birinci 

haftadēr. Ancak yoĵun kar yaĵēĸē nedeniyle ¿niversitede eĵitime ara verilmesi nedeniyle 

ºrnekleme ger­ekleĸtirilememiĸtir. Daha sonra diĵer hafta i­in numune alma iĸlemi yeniden 

baĸlatēlmēĸtēr. Bunlarēn hepsinin PAH konsantrasyonlarēna yansēdēĵē sonucuna varēlabilir. Ķlk 

hafta toplanan ilk 3 ºrneĵin ortalamasē 2066 ng/m
3 
iken, ikinci hafta i­in 2,7 kat daha y¿ksek 

ortalama toplam PAH konsantrasyonlarē bulundu (5601 ng/m
3
). 

Tablo 3ôte de ºrnekleyiciyi modifiye ederek doldurulan XAD re­inelerden elde edilen gaz 

fazēnda bulunan PAH konsantrasyon deĵerleri verilmiĸtir. Partik¿l fazdaki PAH konsantrasyonu 

gaz fazdaki konsantrasyona gºre daha fazla bulunmuĸtur. 

Tablo 3. Gaz fazēndaki PAH konsantrasyonlarē 

  
1. g¿n 2. g¿n 3. g¿n 4. g¿n 5. g¿n Ortalama  

NAP 

      ACY 273,0 45,7 126,7 366,2 304,4 223,2 

ACT 197,1 8,9 35,1 99,5 67,6 81,6 

FLN 327,3 29,3 136,6 356,1 156,9 201,3 

PHE 2509,4 36,5 1100,4 2527,5 1098,8 1454,5 

ANT 34,8 4,7 21,0 64,4 35,7 32,1 

FL 486,1 13,5 142,9 384,2 148,0 235,0 

PY 247,4 22,6 90,2 203,6 109,6 134,7 

BaA 8,7 10,1 10,0 15,8 11,1 11,1 

CHR 14,1 34,9 13,2 33,1 39,6 27,0 

BbF 59,2 13,7 1,5 3,5 1,5 15,9 

BkF 13,3 6,7 0,6 0,8 1,7 4,6 

BaP 1,0 28,3 6,7 0,5 2,2 7,7 

IcdP 9,4 7,2 0,5 1,2 1,4 3,9 

DahA 6,6 2,6 2,5 1,6 2,5 3,1 

BghiP 4,6 0,1 0,2 0,3 0,6 1,2 

×16PAH 4191,9 264,9 1688,0 4058,3 1981,6 2436,9 
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Literat¿r incelendiĵinde herhangi bir iĸleme veya piĸirmeye tabi tutulmamēĸ yemeye hazēr 

etlerde bile Fenantren, Antrasen ve Floren gibi PAH t¿rleri tespit edilmiĸtir (Cheng vd., 2021). 

Bir de yanma sonucu oluĸan PAH etkili olduĵunda konsantrasyonlar daha da y¿kselmektedir. 

Bu ­alēĸmada Fenantren, Floranten ve Floren her bir g¿n en fazla konsantrasyonda bulunan 

PAH t¿rleridir. Fenantren, Floranten ve Floren kºm¿r katranēnda t¿retilen dolayēsēyla fosil 

yakētlarēnda bulunan bir PAH ­eĸitleridir. Bu durumda ēzgara kºm¿r¿n¿n yanmasē sonucu 

oluĸmuĸ PAH konsantrasyonu tespit edilmiĸ olabilir.  
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¥zet: Bu ­alēĸma, kºm¿r flotasyonu i­in karēĸtērma hēzē, katē oranē, toplayēcē 

konsantrasyonu ve kºp¿rt¿c¿ konsantrasyonu gibi etkili proses parametrelerini 

deĵerlendirmektedir. ¦­ seviyeli dºrt faktºr i­in deney tasarēmē, Taguchi ve Boxï

Behnken tasarēm (BBD) yºntemleri kullanēlarak elde edilmiĸtir. En y¿ksek 

yanabilir verimi elde etmek i­in optimize edilmiĸ koĸullar, Taguchi L27 ve BBD 

yºntemlerinin ana etki grafikleri oluĸturularak deĵerlendirilmiĸtir. Elde edilen 

optimum deĵerler  d¿ĸ¿k karēĸtērma hēzē (1250 rpm),d¿ĸ¿k katē oranē (10), y¿ksek 

toplayēcē konsantrasyonu (1 kg/ton) ve y¿ksek kºp¿rt¿c¿ konsantrasyonu (0,5 

kg/ton) olarak bulunmuĸtur. Ķĸlem parametreleri arasēndaki etkileĸimi 

deĵerlendirmek i­in Taguchi L27 ve BBD yºntemlerinin etkileĸim grafikleri 

kullanēlmēĸtēr. Etkileĸim grafikleri ve ANOVA sonu­larēndan, kºm¿r flotasyonu 

i­in karēĸtērma hēzēnēn diĵer parametrelere kēyasla en ºnemli parametre olduĵu 

gºr¿lm¿ĸt¿r. Ayrēca, tahmin sonu­larēna gºre Taguchi L27' nin regresyon 

katsayēsēnēn BBD yºntemine kēyasla daha y¿ksek olduĵu bulunmuĸtur. Bu 

sonu­lar, linyit flotasyonu i­in Taguchi L27 tasarēmēnēn Box Behnken tasarēmēna 

gºre en uygun optimizasyon yºntemi olduĵunu gºstermektedir. 
 

Anahtar Kelimeler: Flotasyon; Box-Behken tasarēmē; coal; Taguchi deney 

tasarēmē 

 

 

 
Giriĸ 

Linyit, d¿nyada b¿y¿k rezervlere sahip d¿ĸ¿k kaliteli bir kºm¿r t¿r¿d¿r. Kºm¿r 

madenciliĵinde devam eden madencilik yºntemleri, mekanize yºntemlerin kullanēmē, 

ince d¿ĸ¿k dereceli kºm¿r¿n oranēnē artērmaktadēr. Ķnce kºm¿r oranēnēn artmasē 

zenginleĸtirme iĸlemlerini zorlaĸtērmakta, bu da enerji kaybēna ve ­evre sorunlarēna yol 

a­maktadēr. Ķnce kºm¿r zenginleĸtirmek i­in  flotasyon, flok¿lasyon, yaĵ aglomerasyonu 

veya se­ici flok¿lasyon teknikleri kullanēlmaktadēr (Warren 1975). Organik madde ve 

mineral madde arasēndaki y¿zey hidrofobikliĵindeki farklēlēklara dayanan kºp¿k 

flotasyon tekniĵi, bu t¿r d¿ĸ¿k dereceli kºm¿r temizleme ve zenginleĸtirme i­in etkili bir 

zenginleĸtirme yºntemidir (Xing ve Ark., 2015, 2016, Gui ve Ark., 2016). 

 Flotasyonda bir­ok parametre birbiri ile iliĸkilidir. Optimum deney ĸartlarēnēn 

bulunmasē i­in ­ok sayēda test yapmak gerekmekte ve parametrelerinin birbirleri ile 

etkileĸimini deĵerlendirmek m¿mk¿n olmamaktadēr. Bu nedenle parametre sayēsēnēn 
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fazla olduĵu proseslerde, parametrelerin birbiri ile etkilerini deĵerlendirmek i­in deney 

tasarēmē ve istatistik´ yºntemlere baĸvurulmaktadēr (Erĸan ve A­ēkel 2014). Deney 

tasarēmē yºntemleri kullanēlarak klasik yºntemlere kēyasla az sayēda tasarlanmēĸ deney 

yaparak s¿re­ baĸarēsē ve parametrelerin iliĸkisinin belirlenebilmesi saĵlanmaktadēr. 

Ayrēca, istatiksel analizler ile deĵiĸkenler arasēnda etkileĸimlerin doĵru bir ĸekilde 

belirlenmesi prosesin daha iyi anlaĸēlmasēnē m¿mk¿n kēlmaktadēr (Goccin ve Smith 1987, 

¢ilek 2003). Taguchi yºntemi, etkili s¿re­ parametrelerinin deĵerlendiren ve optimize 

eden ortogonal dizi ile saĵlanan bir t¿r kesirli faktºriyel tasarēmdēr. Box-Behnken 

yºntem, ise, etkili s¿re­ parametrelerini optimize eden ikinci dereceden matematiksel bir 

denklemle birleĸtirilmiĸ istatistiksel bir yºntemdir. Taguchi ve BBD yºntemleri, deneysel 

­alēĸmalarēn tasarēmēnē ve optimizasyonunu elde etmek i­in en yaygēn kullanēlan istatiksel 

yºntemlerdir. Cevher zenginleĸtirme iĸlemlerinde li­, flok¿lasyon, yaĵ aglomerasyonu ve 

ºzellikle de flotasyon olmak ¿zere bir ­ok proses de deney tasarēm yºntemleri 

kullanēlmaktadēr (Sharma ve Ark., 2012, Pecina ve Ark., 2014, Chattopadhyay ve Ark., 

2015, Kumar ve Venugopal 2017). Kalyani ve Ark. (2010) kºm¿r¿n flotasyon 

performansēnē deĵerlendirmek i­in BBD modelini araĸtērdēlar ve toplayēcē dozajēnēn en 

ºnemli parametre olduĵunu bulmuĸlardēr. Sahoo ve Ark. ( 2017) kºm¿r flotasyonunda 

Cevap Y¿zeyi Yºntemlerini (CYY) araĸtērmēĸlar,  kºm¿r verimi ve k¿l i­eriĵini etkileyen 

en ºnemli parametrenin kºp¿rt¿c¿ konsantrasyonu olduĵu sonucuna varmēĸlardēr. 

Sachinraj ve Ark. (2022) kºm¿r¿n kolon flotasyonu ­alēĸmasēnda Taguchi yaklaĸēmēnē 

kullanmēĸlar ve ayērma verimi i­in uygun bir model olduĵunu kaydetmiĸlerdir. Flotasyon 

­alēĸmalarēnda her iki tasarēm yºnteminin kullanēldēĵē bir­ok ­alēĸma olmasēna raĵmen, 

bu iki deney tasarēmēnē karĸēlaĸtēran ­alēĸmalar yetersizdir. Bu nedenle, bu ­alēĸmada 

optimizasyon yºntemi i­in Taguchi ve Box-Behnken deney tasarēm yºntemleri 

karĸēlaĸtērēlmēĸtēr. Kullanēlan bu tasarēmlarda baĵēmsēz deĵiĸkenler olarak belirlenen 

karēĸtērma hēzē (A), katē oranē (B),  toplayēcē konsantrasyonu (C) ve kºp¿rt¿c¿ 

konsantrasyonu (D) baĵēmlē deĵiĸken olan yanabilir verimi ¿zerindeki etkisi 

incelenmiĸtir. Elde edilen matematiksel modeller ANOVA ile deĵerlendirilmiĸ, 

modellerin birbiri ile kēyaslamasē ve doĵruluĵu tartēĸēlmēĸtēr. Ayrēca ana etki ve etkileĸim 

grafikleri ­izilerek elde edilen sonu­lar irdelenmiĸtir. 

 

Malzeme ve Yºntem 

Malzeme  

Bu ­alēĸma Konyaônēn Ilgēn il­esinden temin edilen linyit numunesi ile 

ger­ekleĸtirilmiĸtir. 100 kg kadar temsili numune flotasyon deneylerinde kullanēlmak 

¿zere konilemeïdºrtleme metodu ile azaltēlmēĸtēr. Bilyalē deĵirmende 1 saat s¿rede kuru 

ºĵ¿t¿lm¿ĸ ve ºĵ¿t¿len numunenin tane boyut analizi bir lazer kērēnēm ºl­er (Malvern 

Mastersizer, 2000) kullanēlarak yapēlmēĸtēr. ¥ĵ¿t¿lm¿ĸ numunelerin tane boyutu daĵēlēmē 

ķekil 1'de sunulmuĸtur. Toplayēcē olarak kullanēlan gazyaĵē, yerel petrol b¿rosundan 

tedarik edildi ve yoĵunluĵu 0.8 g/cm
3
 olarak bulundu. Kºp¿rt¿c¿ olarak ­am yaĵē 

kullanēlmēĸtēr. Nem analizi, ASTM D 3173ï03 Standart Test Metoduna gºre yapēlmēĸtēr. 

K¿l analizi, ASTM D 3174ï04 Standart Test Metoduna gºre ger­ekleĸtirilmiĸtir. 

Kalorifik Deĵeri Tayini Leco AC-350 marka cihaz ile kuru numune y¿ksek basēn­ altēnda 

saf oksijen ile yakēlarak kalori deĵerinin 14.1 Mj/kg olduĵu tespit edilmiĸtir (ASTM D 

5865ï10a,). Linyit numunesinin analiz sonu­larē Tablo 1'de verilmiĸtir.  
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Tablo 1. Kºm¿r numunesinin kuru bazda ºzellikleri 

K¿l 

(%)  

Nem 

(%)  

Sabit Karbon 

(%)  

Kalorifik Deĵer 

(MJ/kg)  

23.02 24.5 16.9 14.1 

 

 

ķekil 1. ¥ĵ¿t¿lm¿ĸ numunenin tane boyut daĵēlēmē 

Yºntem 

Flotasyon testleri Denver flotasyon makinesi kullanēlarak ger­ekleĸtirilmiĸtir. Ķlk 

olarak, kºm¿r numunesi 3 dakika karēĸtērēlmēĸ ve daha sonra toplayēcē ilave edilerek 

karēĸēm 5 dakika daha karēĸtērēlmēĸtēr. Son olarak kºp¿rt¿c¿ ilave edilmiĸ ve karēĸēm 

tekrar 30 saniye daha karēĸtērēlmēĸtēr. Hava valfi a­ēldēktan sonra 2 dakika konsantre 

toplanmēĸtēr. Flotasyon ¿r¿nleri filtrelendikten, kurutulduktan ve tartēldēktan sonra k¿l 

analizi i­in porselen bir potaya yerleĸtirilmiĸ ve k¿l fērēnēnda yakēlmēĸtēr. Daha sonra 

yanabilir verim aĸaĵēdaki form¿l ile hesaplanmēĸtēr, 

 

Yanabilir Verim, %= 100ὼ İ

İ
                                       (1)        

 

Burada, A= Temiz kºm¿r y¿zdesi, AK¿l = temiz kºm¿r k¿l i­eriĵi, B= besleme 

y¿zdesi, ve  BK¿l = besleme k¿l i­eriĵi 

 

Optimizasyon Metodu 

 

Deney tasarēmē i­in dºrt parametre ve ¿­ seviye se­ilmiĸtir. Tablo 2ô de iĸlem 

parametrelerinin aralēklarē ve seviyeleri  gºsterilmiĸtir. Tablo 3 ve 4, Taguchi L27 ve 

Box-Behnken Tasarēmē (BBD) yºntemi i­in elde edilen tasarēmēn deneysel sonu­larēnē 

sunmaktadēr.  
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Tablo 2. Box-Behnken ve Taguchi L27 tasarēm yºntemlerinde kullanēlan  deneysel 

faktºrlerin aralēklarē ve seviyeleri 

Deĵiĸkenler 

Box Behnken 

Taguchi L27 

Sembol Seviyeleri ve Aralēklarē 

-1                    0              1 

 1                     2              3 

Karēĸtērma Hēzē (rpm) A 1250 1350 1500 

Katē Oranē (%) B 10 15 20 

Toplayēcē 

Konsantrasyonu (kg/ton) 

C 0,4 0,8 1 

Kºp¿rt¿c¿ 

Konsantrasyonu (kg/ton) 

D 0,2 0,3 0,5 

 

 

Taguchi yºntemi ile deney tasarēmē 

 

Taguchi deney tasarēmē, etkili parametrelerin deĵerlendirilmesi i­in ortogonal dizi 

kullanēlarak geliĸtirilmiĸ bir yºntemdir. Ortogonal dizinler, bir sayē matrisi olarak ifade 

edilmekte olup her s¿tun, se­ilen faktºrlerin seviyelerini gºsterirken her satēr ise dikkate 

alēnan faktºrleri ifade etmektedir. Taguchi L27 yºntemi, deneysel ve tahmin edilen 

sonu­lar arasēndaki standart sapmadan elde edilen hata fonksiyonunu sinyal-g¿r¿lt¿ (S/N) 

oranēna dºn¿ĸt¿rmekte ve  hedeflenen deĵerin óen k¿­¿k/en iyiô veya óen b¿y¿k/en iyiô 

olmasēna gºre iki farklē S/G form¿l¿ kullanēlmaktadēr. Bu ­alēĸmada hedeflenen en 

y¿ksek yanabilir verim deĵeri i­in en y¿ksek en iyi durumunu veren S/G oranē, denklem 

2ôde verilmiĸtir.  

 

S/N= ρπzὰέὫВρȾὣ Ⱦὲ                                    (2)                                                                     

burada Y, her deneme i­in elde edilen tahmin sonu­larēnē ve n, deney tasarēmē i­in 

elde edilen tahmin sonu­larēnēn sayēsēnē gºstermektedir. 

Tablo 3. Taguchi L27 tasarēmē i­in elde edilen deneysel sonu­lar 

A B C D 

Yanabilir 

Verim 

(Gºzlemlenen), 

% 

1 1 1 1 67.96 

1 1 1 1 66.92 

1 1 1 1 67.03 

1 2 2 2 69.7 

1 2 2 2 68.72 

1 2 2 2 69.03 

1 3 3 3 70.73 

1 3 3 3 71.23 

1 3 3 3 70.52 

2 1 2 3 62.94 

2 1 2 3 61.98 
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2 1 2 3 62.03 

2 2 3 1 60.64 

2 2 3 1 61.53 

2 2 3 1 60.05 

2 3 1 2 65.34 

2 3 1 2 65.41 

2 3 1 2 66.23 

3 1 3 2 61.61 

3 1 3 2 61.20 

3 1 3 2 61.58 

3 2 1 3 66.92 

3 2 1 3 65.21 

3 2 1 3 67.89 

3 3 2 1 61.2 

3 3 2 1 60.89 

3 3 2 1 61.58 

 
Box -Behnken (BBD) ile deney tasarēmē 

BBD modeli, girdi ve ­ēktē parametreleri arasēndaki ikinci dereceden denklem ile 

saĵlanmaktadēr (Lokesh ve Ark., 2021). Deneyin tasarēmē, parametrelerin seviyelerinin 

y¿ksek, orta ve d¿ĸ¿k olarak ayērt edilmesiyle geliĸtirilmiĸtir (Baĸ 2010). Bu tasarēma 

gºre 3 adedi orta noktada olmak ¿zere her bir flotasyon kademesi i­in toplam 27 deneysel 

­alēĸma yapēlmēĸtēr. Genel olarak yanēt deĵerleri doĵrusal ve ikinci dereceden modeller 

tarafēndan se­ilen faktºrlere baĵlē olarak hesaplanēr. Baĵēmlē deĵiĸken olan yanabilir 

verimi a­ēklamak i­in kullanēlan ikinci derece polinom eĸitliĵi denklemô 3 de 

verilmektedir. 

 

y=ɓo+ ɓ1X1+ ɓ2X2+ ɓ3X3+ ɓ4X4+ ɓ11X1
2
+ ɓ22X2

2
+ ɓ33X3

2
+ ɓ44X4

2
+ ɓ12X1X2+ ɓ13X1X3+ 

ɓ14X1X4+ ɓ23X2X3+ ɓ24X2X4 + ɓ34X3X4+Ў                                                                              

(3)        
Bu eĸitlikte ὼ1, ὼ2, é , ὼὲ baĵēmsēz deĵiĸkenleri, ώ baĵēmlē deĵiĸkeni, ‍0, ‍Ὥ , ‍ὭὭ (Ὥ 

= 1, 2, é, ὲ), ‍ὭὮ (Ὥ = 1, 2, é, ὲ ; j = 1, 2 ,é, ὲ) bilinmeyen model parametrelerini ve ὑ 

rastgele hata terimini gºstermektedir. 

 

Tablo 4. BoxïBehnken Design (BBD) yºntemi ile elde edilen deneysel sonu­lar 

A B C D 

YV 

(Gºzlemlenen), 

% 

-1 -1 0 0 71.37 

1 -1 0 0 63.64 

-1 1 0 0 59.21 

1 1 0 0 59.25 

0 0 -1 -1 64.82 

0 0 1 -1 60.61 

0 0 -1 1 65.84 

0 0 1 1 60.89 

-1 0 0 -1 69.32 

1 0 0 -1 56.28 

-1 0 0 1 63.15 

1 0 0 1 58.77 
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0 -1 -1 0 71.17 

0 1 -1 0 55.34 

0 -1 1 0 72.5 

0 1 1 0 57.65 

-1 0 -1 0 64.18 

1 0 -1 0 54.19 

-1 0 1 0 57.49 

1 0 1 0 64.45 

0 -1 0 -1 70.82 

0 1 0 -1 64.51 

0 -1 0 1 56.94 

0 1 0 1 55.04 

0 0 0 0 70.98 

0 0 0 0 68.98 

0 0 0 0 67.53 

 

 

 

Bulgular ve Tartēĸma 

 

ķekil 2, Taguchi L27 yºntemi kullanēlarak S/N oranē i­in elde edilen ana etki grafiĵini 

gºstermektedir. Karēĸtērma hēzēnēn kºm¿r flotasyon performansē ¿zerindeki etkisi ķekil 

2A 'da verilmiĸtir. Optimum mekanik karēĸtērma hēzē 1250 rpm olarak belirlenmiĸtir, 

­¿nk¿ en y¿ksek S/N oranē bu hēzda elde edilmiĸtir. Y¿ksek karēĸtērma hēzlarēnda 

yanabilir verimdeki azalma  kºp¿ĵ¿n zarar gºrmesine baĵlanabilir, bu da par­acēklarēn 

kºp¿kten ayrēlmasēna neden olmaktadēr. Katē oranēnēn yanabilir verim ¿zerindeki etkisi, 

%10, %15 ve %20'lik oranlar kullanēlarak araĸtērēlmēĸ ve  katē oranē orta seviyede en 

y¿ksek S/N oranē elde edilmiĸtir.  Literat¿rde, flotasyon veriminin katē oranēna etkisini 

araĸtēran bir­ok ­alēĸma mevcuttur (Sarrafi ve Ark.,  2004, Mowla ve Ark.,  2008, Luo ve 

Ark., 2016, ). Bu ­alēĸmalarda katē madde konsantrasyonunun artmasēyla verimin azaldēĵē 

kaydedilmiĸtir. Toplayēcē  konsantrasyonunun yanabilir verim ¿zerindeki etkisi, 0,4, 0,8 

ve 1 kg /ton toplayēcē konsantrasyonlarē i­in araĸtērēlmēĸtēr. Toplayēcē dozajēndaki artēĸla 

birlikte yanabilir verim i­in S/N oranē azalmēĸtēr. (ķekil 2C). Y¿ksek toplayēcē 

konsantrasyonunda verimin azalmasē se­iciliĵin azalmasēna baĵlanabilir. Kºp¿rt¿c¿ 

konsantrasyonunun yanabilir verim ¿zerindeki etkisi ­am yaĵēnēn 0,2, 0,3 ve 0,5 kg / ton   

konsantrasyonlarē i­in araĸtērēlmēĸtēr. Kºp¿rt¿c¿ dozajēndaki artēĸla birlikte yanabilir 

verim i­in S/N oranē da artmēĸtēr ve bu artēĸ su / gaz aray¿z¿n¿n tercihli olarak daha fazla 

toplanmasēna baĵlanabilir. Leja-Schulman'ēn  teorisine (1982) gºre, kºp¿rt¿c¿ miktarēnēn 

artmasē y¿zey gerilimini azaltmakta, dolayēsēyla hidrofobik partik¿lleri toplayabilen ve 

yanabilir verimde bir artēĸa yol a­abilen g¿­l¿ kabarcēklarē oluĸturabilmektedir. Ayrēca, 

kºp¿rt¿c¿ miktarēnēn artmasē kabarcēk boyutunun azalmasē ve kabarcēĵa ºzg¿ y¿zey 

alanēnēn ve taĸēma kapasitesinin artmasē nedeniyle flotasyon verimini artērmaktadēr (Reay 

ve Ratcliff 1973, ¢ilek 2003). Bunlara ek olarak, kabarcēk boyutunun azalmasē ile p¿lp 

i­erisinde daha ince ve ultra ince par­acēklar oluĸmakta, bºylece daha y¿ksek kabarcēk 

y¿klemesine neden olmakta ve bu da kabarcēk y¿zeyinin hidrofobik par­acēklarla daha 

yoĵun kaplanmasē kabarcēklarēn birleĸmesini ve patlamasēnē engellediĵinden kºp¿k 

stabilitesini artērmaktadēr (Barbian ve Ark.,  2007). Kºp¿k bºlgesinin genel flotasyon 
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verimi ¿zerindeki ºnemi bir­ok ­alēĸmada belirtilmiĸtir (Yianatos ve Ark.,  2008, 

Franzidis ve Harris 2013, Rahman ve Ark., 2013). Sonu­ olarak, ana etki grafiĵinden 

yanabilir verim i­in optimize edilmiĸ deĵerlerin, d¿ĸ¿k karēĸtērma hēzē (1250 rpm), orta 

katē oranē (%15), d¿ĸ¿k toplayēcē konsantrasyonu (0,4 g/ton) ve y¿ksek kºp¿rt¿c¿ 

konsantrasyonu (0,5 kg/ton) olduĵu bulunmuĸtur. 

 
ķekil 2. Taguchi  L27 yºntemine gºre S / N oranē i­in elde edilen ana etki grafikleri. 

 

ķekil 3, BBD yºntemi kullanēlarak linyit flotasyonu i­in elde edilen ana etki grafiĵini 

gºstermektedir. Ana etki grafiĵinden yanabilir verim i­in optimize edilmiĸ deĵerlerin, d¿ĸ¿k 

karēĸtērma hēzē (1250 rpm), d¿ĸ¿k katē oranē (%10), y¿ksek toplayēcē konsantrasyonu (1kg/ton) 

ve orta kºp¿rt¿c¿ konsantrasyonu (0,5 kg/ton) olduĵu bulunmuĸtur.  
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ķekil 3. BBD yºntemine gºre yanabilir verim i­in elde edilen ana etki grafikleri. 

 

ķekil 4, Taguchi'nin L27 yºntemine gºre S/N oranē i­in elde edilen etkileĸim grafiĵini 

gºstermektedir. ķekil 4ôden, d¿ĸ¿k karēĸtērma hēzēnēn (1250 rpm) katē oranē, toplayēcē ve 

kºp¿rt¿c¿ konsantrasyonu ile etkileĸimde daha y¿ksek bir S / N oranē ile sonu­landēĵē 

gºr¿lmektedir.  ¥te yandan, orta katē oranē (%15) karēĸtērma hēzē, toplayēcē ve kºp¿rt¿c¿ 

konsantrasyonu ile etkileĸimde daha y¿ksek bir S/N oranē vermiĸtir. Ayrēca, y¿ksek 

toplayēcē konsantrasyonu karēĸtērma hēzē, katē oranē ve kºp¿rt¿c¿ konsantrasyonu ile 

etkileĸimde daha y¿ksek bir S/N oranē vermiĸtir. Benzer ĸekilde, y¿ksek kºp¿rt¿c¿ 

konsantrasyonu da karēĸtērma hēzē, katē oranē ve toplayēcē konsantrasyonu ile etkileĸimde 

daha y¿ksek bir S/N oranē deĵeri verdiĵi gºr¿lmektedir. 
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ķekil 4. Taguchi L27 yºntemine gºre  S / N oranē i­in elde edilen etkileĸim grafiĵi 

 

ķekil 5, BBD yºntemine gºre yanabilir verim i­in elde edilen etkileĸim grafiĵini 

gºstermektedir. ķekil 5 ôden d¿ĸ¿k karēĸtērma hēzēnēn katē oranē, toplayēcē ve kºp¿rt¿c¿ 

konsantrasyonu ile etkileĸimde daha y¿ksek yanabilir verim ile sonu­landēĵē a­ēk­a 

gºr¿lmektedir. Benzer ĸekilde, d¿ĸ¿k katē oranē, diĵer parametreler ile etkileĸimde daha 

y¿ksek ē verim deĵeri saĵlamēĸtēr. Ayrēca, y¿ksek toplayēcē konsantrasyonunun karēĸtērma 

hēzē, katē oranē  ve kºp¿rt¿c¿ konsantrasyonu ile etkileĸimde daha y¿ksek yanabilir verim 

deĵeri vermiĸtir. Benzer ĸekilde, y¿ksek kºp¿rt¿c¿ konsantrasyonu da karēĸtērma hēzē, 

katē oranē  ve toplayēcē konsantrasyonu ile etkileĸimde daha y¿ksek verim deĵeri 

gºstermiĸtir. 
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ķekil 5. BBD yºntemine gºre yanabilir verim i­in elde edilen etkileĸim grafiĵi. 

 

Regresyon Sonu­larē 

 

Varyans Analizi (ANOVA), her parametrenin genel tahmin sonu­larēna tahmini katkēsēnē 

ºl­mektedir. Taguchi L27 ve BBD yºntemlerinin ANOVA sonu­larē, etkili s¿re­ 

parametrelerinin ºnemini ve etkilerini araĸtērmaktadēr. Modeldeki deĵiĸim miktarē ºl­¿m¿n¿n 

d¿zeltilmiĸ terimler ile ifadesini saĵlayan deĵer ayarlamalē R
2
'dir (Sripriya ve Rao 2003). Bu 

deĵerin 1'e yakēn olmasē modellerin baĸarēsēnē gºstermektedir (Erĸan ve A­ēkel 2014). Elde 

edilen sonu­larēn anlamlē olabilmesi i­in modelde F- deĵerinin y¿ksek olmasē ve P ile ifade 

edilen olasēlēk deĵerinin 0,05ôten (%95 g¿ven d¿zeyi) k¿­¿k olmasē gerekmektedir. Olasēlēk 

deĵerinin 0,1ô den b¿y¿k olduĵu durumlarda model cevap deĵiĸkenleri i­in anlamsēz olmaktadēr 

(Erĸan ve A­ēkel 2014). Tablo 5, Taguchi L27 ve BBD yºntemlerine gºre yapēlan deney 

tasarēmēnēn tahmin sonu­larēnē sunmaktadēr. Taguchi L27 yºntemine gºre yanabilir verim i­in 

b¿t¿n parametreler ºnemli model terimleri iken BBD yºntemi i­in ise karēĸtērma hēzē ve katē 

oranē parametrelerinin ºnemli terimler olduĵu sonucuna varēlmēĸtēr. Ayrēca, Taguchi L27 

tasarēm yºntemi i­in karēĸtērma hēzē parametresinin BBD tasarēm yºntemi i­in ise katē oranēnēn 

diĵer parametrelere kēyasla en ºnemli parametre  olduĵu tespit edilmiĸtir. 
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Tablo 5. Kºm¿r flotasyonu i­in varyans analizi (ANOVA) 

 

 

 

 

 

 

 

 

 

 

Taguchi L27 ve BBD yºntemleri i­in gºzlemlenen ve tahmin edilen deĵerlerin korelasyonu 

ķekil 6ô da gºsterilmiĸtir. ķekil 6 ôdan, BBD yºntemine kēyasla regresyon katsayēsēnēn Taguchi 

L27 i­in daha y¿ksek olduĵu a­ēk­a gºr¿lmektedir. Sonu­lar, Taguchi L27 yºnteminin linyit 

flotasyonu i­in en doĵru optimizasyon deĵerlerini saĵladēĵēnē gºstermektedir. 

 

  
 

ķekil 6. Taguchi L27 ve BBD yºntemleri i­in gºzlemlenen ve tahmin edilen deĵerlerin 

korelasyonu 

Sonu­lar 

Bu ­alēĸmada kºm¿r flotasyonu i­in deneysel parametreler, Taguchi L27 ve BoxïBehnken 

tasarēm (BBD) yºntemleri kullanēlarak optimize edilmiĸtir. Optimize edilmiĸ parametreler, 

kºm¿r flotasyonu i­in en y¿ksek yanabilir verim deĵeri (72,14) saĵlamaktadēr. Ana etki 

grafiklerinden elde edilen optimize edilmiĸ deĵerler, d¿ĸ¿k karēĸtērma hēzē, d¿ĸ¿k katē oranē ve 

Yanēt Deĵiĸkenler 

BBD i­in 

F deĵeri 

Taguchi 

L27 i­in 

F deĵeri 

BBD i­in 

P deĵeri 

Taguchi 

L27 i­in P 

deĵeri 

 Karēĸtērma Hēzē 3,38 42,51 0,09 0,00 

 Katē Oranē 13,10 5,81 0,00 0,02 

YV,

% 

Toplayēcē 

Konsantrasyonu 

0,26 5,77 0,90 0,01 

 
Kºp¿rt¿c¿ 

Konsantrasyonu 

2,82 14,73 0,11 0,00 
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d¿ĸ¿k toplayēcē ve y¿ksek kºp¿rt¿c¿ konsantrasyonu olarak bulunmuĸtur. Taguchi L27 ve BBD 

yºntemlerinin ANOVA tahmin sonu­larē etkili proses parametrelerini deĵerlendirmek i­in 

kullanēlmēĸtēr. Tahmin sonu­larēna gºre  % 97'lik y¿ksek regresyon katsayēsē nedeniyle Taguchi 

L27 yºnteminin daha uygun olduĵu gºr¿lm¿ĸt¿r. Sonu­lar, Box Behnken yºnteminin 

optimizasyon i­in de uygulanabileceĵini, ancak Taguchi L27 yºntemine kēyasla deneysel 

­alēĸma sayēsēnēn azaltēlabileceĵi, bºylece zaman ve pahalē yºntemin maliyetinin  

d¿ĸ¿rebileceĵi d¿ĸ¿n¿lmektedir. 
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ABSTRACT 

ñAutomatic Shifterò means gear selector mechanism for automatic gearboxes. We 

are going to describe gearbox-shifter compatiblity and potential safety risks and 

how to eliminate them with this study. Moreover, we are going to describe how to 

validate vehicle safety in Park in and out state changes with some user case study.  

 

 

 

1. Introduction 

77% of vehicles sold in 2021 are equipped with automatic transmissions. Cars with 

automatic transmissions are a very positive factor in driver and passenger comfort. Drivers of 

vehicles with automatic transmissions do not make manual inputs for the selection of the 

appropriate proportional gear according to the road and operating conditions. As a result of the 

combination of the engine control module (ECM), transmission control module (TCM) and 

other related units on the vehicle, it selects the appropriate ratio according to the conditions of 

the vehicle and changes this ratio according to the appropriate conditions. The driver is 

responsible for selecting one of the vehicle's Drive(D), Reverse(R), Neutral(N) and Parking(P) 

gear positions. This choice is made with the shifter, which is the main subject of the study. 

According to the vehicle power package, these Automatic transmission shifters can be classified 

into 3 different types. 

1.1. Shifters by Transmission Types 

1.1.1. Automatic Transmission (AT) Shifter  

AT shifters are used in automatic transmissions that do not have a gear-picking robotic 

structure on the transmission. 

Generally, this type of transmission is seen in torque converter and CVT (Continuously 

variable ratio automatic transmission) types. 

 
Fig.1. Automatic Transmission (AT) Shifter and Transmission Interface 
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These types of shifter the demands for Drive, Reverse, Neutral and Parking gears physically 

generated by the driver to the gear selector lever on the transmission by means of a rope. It also 

forwards existing gear information and gear requests via the CAN line to the transmission and 

other relevant modules. 

1.1.2. Hybrid Shifter 

Hybrid shifters are used in automatic transmissions, which have a gear-chooser robotic 

structure on the gearbox, but cannot robotically manage the parking mechanism for the parking 

gear. 

Generally, these types of transmissions have a double clutch.  

 

 

Fig.2. Hybrid Shifter and Transmission 

These types of shifter send the Driving(D), Reverse(R), Neutral(N) gear physically generated 

by the driver via CAN, while the demand for P (Parking) gear is transmitted via a rope to the 

gear selector lever on the transmission. 

1.1.3. Electronic Shifter (E-Shifter) 

E-shifters are used in automatic transmissions, which have a gear selector robotic structure 

on the transmission and can robotically manage the parking mechanism for the parking gear. 

Mild Hybrid Electric (MHEV), Hybrid Electric (HEV), Plug-In Hybrid Electric (PHEV), 

Battery Electric (BEV) vehicles are very convenient to use with the electronic shifter. 

 

Fig.3. E-Shifter Lever and Transmission Interface 

These types of shifter sends all Drive(D), Reversing (R), Neutral(N) gear selections 

physically generated by the driver via CAN bus.  
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1.2. Shifters by Design Types 

1.2.1. Button Shifter 

A button shifter, also known as a push-button shifter, is a type of gear selector that uses 

buttons or switches, instead of a traditional lever or knob, to change gears. It is typically used in 

vehicles with automatic transmissions and is often located on the center console, near the 

infotainment system or the armrest. 

One of the main advantages of a button shifter is its compact size, which frees up space in 

the vehicle's interior. This can be particularly beneficial in vehicles with limited space, such as 

compact cars or sports cars. Additionally, the button shifter can be designed to be more intuitive 

and user-friendly than traditional shifters, making it easier to operate. Some designs also 

incorporate a digital display that provides the driver with the current gear selection. Another 

advantage of a button shifter is that it allows for a more customizable and modern look, as 

buttons can be designed with various colors, materials, and even personalized logos. This allows 

manufacturers to differentiate their vehicles and add a touch of luxury to the interior. On the 

other hand, button shifters also have some disadvantages. One of them is that it can be 

confusing for some drivers and passengers, especially for those who are not used to this type of 

shifter. It can also be difficult to quickly identify the current gear selection, which can be 

important in emergency situations.  

 

Fig.4. Button Shifter of Alfa Romeo 4C 

1.2.2. Stalk-Column Shifter 

A stalk shifter, also known as a column shifter, is a type of gear selector that is mounted on 

the steering column of a vehicle, typically near the steering wheel. It is commonly used in 

vehicles with automatic transmissions and allows the driver to change gears without having to 

move their hand from the steering wheel. 

The stalk shifter typically consists of two or more stalks, or levers, that control the gear 

selection. The driver can use the stalks to shift between park, reverse, neutral, and drive. Some 

stalk shifters also include a button or switch for manual shifting or sport mode. 

One of the main advantages of a stalk shifter is that it allows the driver to change gears 

without having to take their hand off the steering wheel, which can improve safety and reduce 

driver distraction. Additionally, the stalk shifter can be designed to be more intuitive and user-

friendly than traditional shifters, making it easier to operate. Another advantage of stalk shifters 

is that they are typically more compact than floor-mounted shifters, which can free up space in 
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the vehicle's interior. This can be particularly beneficial in vehicles with limited space, such as 

compact cars or sports cars. On the other hand, stalk shifters have also some disadvantages. One 

of them is that it can be confusing for some drivers and passengers, especially for those who are 

not used to this type of shifter. Furthermore, stalk shifters may require more advanced and 

expensive electronic systems, which can increase the cost of the vehicle. Additionally, it may 

also not be as aesthetically pleasing as other types of shifters. 

 

Fig.5. Stalk shifter of Mercedes E-Class 

1.2.3. Rotary Shifter 

A rotary shifter is a type of gear selector used in vehicles with automatic transmissions. 

Instead of a traditional lever or button that moves up and down or side to side, a rotary shifter 

uses a rotating dial or knob to change gears. The rotary shifter is typically located on the center 

console of the vehicle, near the armrest or the infotainment system.  

One of the main advantages of a rotary shifter is its compact size, which frees up space in the 

vehicle's interior. This can be particularly beneficial in vehicles with limited space, such as 

compact cars or sports cars. Additionally, the rotary shifter can be designed to be more intuitive 

and user-friendly than traditional shifters, making it easier to operate. Some designs also 

incorporate a digital display that provides the driver with the current gear selection.Another 

advantage of rotary shifters is the customization possibilities. Rotary shifters can be designed 

with various colors and materials, and even with a personalized logo. This allows manufacturers 

to differentiate their vehicles and add a touch of luxury to the interior.On the other hand, rotary 

shifters have also some disadvantages. One of them is that it can be confusing for some drivers 

and passengers, especially for those who are not used to this type of shifter. It can also be 

difficult to quickly identify the current gear selection, which can be important in emergency 

situations.  

 

Fig.6. Rotary Shifter of Dodge Ram 
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1.2.4. Joystick Shifter 

A joystick shifter is a type of gear selector typically found in vehicles with automatic 

transmissions. It is a small lever or stick that is used to shift the gears of the transmission, rather 

than using a traditional gear selector lever or buttons. 

In order to use a joystick shifter, the driver simply moves the lever or stick in the desired 

direction to shift gears. For example, pushing the joystick forward may shift the transmission 

into a higher gear, while pulling it backwards may shift into a lower gear. Some joystick shifters 

may also include buttons or other controls for additional functions, such as a manual shifting 

mode or a sport mode. One of the benefits of using a joystick shifter is that it can make the 

driving experience more engaging and sporty. It allows for more precise gear changes, which 

can be especially useful for drivers who enjoy sporty or performance driving. Additionally, it 

allows for a more modern, high-tech look and feel in the vehicle's interior. 

Overall, the joystick derailler is a modern and innovative gear selector option that can add a 

sporty feel to the driving experience. 

 

Fig.7. Joystick Shifter of Peugeot 3008 

2. Shifter Safety System 

Shifters used in vehicles must guarantee the safety of the vehicle, the road and the entire 

environment in which it interacts. 

 

For this purpose, shifters have locks at the exit from position P and at the entrance to 

position R. 

 

The following table lists the deadlock states between relays. 
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Fig.8. Shifter Deadlock States Table 

As can be seen in the table, in some cases it is enough to press the button on the gear lever, 

in other cases it is expected to press the brake pedal. For example, when D position to N 

position, we donôt need to press button or brake pedal but if we want to P position to R position, 

we have to press button and brake pedal for change gear position.  

 

2.1. Parking Lock 

The parking lock is a system used in automatic transmissions to lock the vehicle and it is 

used in parallel with the parking brake. 

The locking is realized by means of a hook that engages a toothed gear on the differential. 

In dual clutch gearbox generally the bowden cable itôs used just for this purpose, because the 

engagement of the P position requires much more effort with respect to the other positions. An 

actuation unit is used for the management of those positions, physically mounted on the 

gearbox. 

The engagement and disengagement are actions that depend upon the vehicle conditions: 

mass on board, road pendence and vehicle mass. The disengagement load generally is the 

highest one, especially in high road slope conditions. (the load is extremely high in the first 

millimeters of motion, because the system itôs in a traction condition and needs to win a great 

amount of friction force due to the mass and road slope and, subsequently, decreases quite 

rapidly.) 

 

Fig.9. Shifter Parking Lock Wheel 
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3. Park Lock Tests in Product Development Processes 

Shifters used in vehicles must meet certain of standart requirements such as durability, 

performance and safety.  

For this purpose, many tests are carried out on the gear shift system. Some of these test and 

contest are given below. 

3.1. Enviromental Tests 

During the development phase, the part have to successfully pass environmental tests. Some 

of these tests are given below and briefly explained. 

3.1.1. Power Thermal Cycle Endurance 

Electrical or Electronic (E/E) PC Card components are manufactured from materials with 

different coefficients of thermal expansion and operate in environments where temperatures are 

uneven. During normal vehicle operation, temperatures change dynamically, causing 

mechanical stresses on adjacent materials.  

This test simulates solder joint failures common in electrical or electronic components, 

identifies the fatigue life of materials under shear strain caused by thermal expansion and 

shrinkage.  

3.1.2. High Tempeature Operating Endurance 

Electronic components are subject to variable temperature conditions caused by internally 

generated heat, packaging location and local ambient temperatures.  

This test simulates failure modes and cumulative damage caused by biased operation at 

different temperatures, such as solder plastic creep, crack propagation in many materials, drying 

of electrolytic capacitors and others. If we test the component according to the actual 

temperature profiles and bias voltage experienced during the service/design life of the car, the 

total test time will be very extreme. Therefore, accelerated tests at a higher constant temperature 

with voltage are used to create an equivalent damage. 

3.1.3. Low Tempeature Operating Endurance 

This test simulates the stresses on a component during low temperature operation 

experienced during the initial few minutes following a vehicle start in cold weather and before 

internal or external heating raises the component temperature.  

The low temperature failures in the component could include cracking of PCB, ceramic 

substrates, packaging material or covers; freezing of capacitors with liquid electrolyte; material 

property changes that affect subcomponent performance; and others. 

3.1.4. Vibration Classification 

During normal operation the shifter undergoes Vibration stresses that depend on the point 

where it is installed on the vehicle.There are different vibration classes for each component 

depending on the packaging location.  



 INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) 

 

176  
Proceedings Book  

 

The purpose of this test is to check the suitability of the system by creating the necessary 

conditions for shifter. 

3.1.5. Chemical Resistance  

This category includes tests to demonstrate component resistance to corrosive effects of 

gaseous pollutants and accidental fluid spills. 

3.1.5.1. Mixed Flowing Gas  

This is an accelerated test to simulate the effects of atmospheric pollutants, corrosive gases 

on electronics. To accelerate the test, the gases are much more concentrated than seen in field 

conditions. 

3.1.5.1. Chemical Exposure  

The fluids selected for the test shall be fluids that the component may encounter during the 

vehicle service life.  

3.2. EMC Tests 

During the development phase, the part have to successfully pass Electromagnetic 

Compatibility tests. Some of these tests are given below and briefly explained. 

3.2.1. Supply Voltage Ripple 

In this test, different voltage than the normal voltage is applied for voltage ripple. 

The purpose of this test is to verify immunity to supply voltage ripple.  

 

3.2.2. RF Immunity  

The purpose of RF Immunity testing is to protect vehicle components from electromagnetic 

fields transmitted and emitted due to board and off-board transmitters.  

3.2.3. Magnetic Field Immunity  

The Magnetic Field Immunity test induces radiated magnetic energy into the shifter and wire 

harnes. The shifter is given an immunity test from 15 Hz to 150 kHz. 

3.3. Functional Test 

During the development phase, the part have to successfully pass Functional tests. These 

tests are applied specifically on a component basis. Some of these tests are given below and 

briefly explained. 

3.3.1. Forcible Override  

The locked Shifter assembly must resist attempts to forcibly move it from Park. When the 

Shifter is unpowered and locked in Park, no sequence of knob and/or button motions shall 

enable the Shifter lever to be moved from Park. 

3.3.2. Cable Travel  

The Shifter Assembly must actuate the transmission from the Park to the non-Park position. 

For conventional transmissions: The Shifter Assembly must actuate the transmission from the 

Park to the Drive position. 
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3.3.3. Slam Shift  

The Shifter Assembly shall not be easily damaged by impact loads. Use a weighted 

pendulum to apply an impact load to the shift knob. Switch between gear position. Shifter must 

not exceed the intended gear stop, exhibit cracking, have loss of function 

3.3.4. PRNDL Function  

The Shifter assembly PRNDL must correctly display the transmission gear position 

communicated via the communication protocol.  

This test confirms that the Shifter assembly is capable of encoding its lever position, sending 

a message to the transmission control module(TCM) via the bus, receiving a message from the 

TCM via the bus, and implementing that message by indicating the correct gear in the PRNDL 

display. A test box may be required to simulate the output of the TCM used for PRND display. 

 

4. CONCLUSION 

Nowadays, there are many functions and features in automotive. These functions and 

features have been developed to benefit the comfort of the vehicle, driving dynamics, ease of 

use and simplicity. One of them system developed is automatic shifters. Todays, automatic 

shifters are available in different types according to vehicle power. These types are divided into 

3 as Automatic (AT) Shifter, Hybrid Shifter, Electronic Shifter(E-Shifter). These 3 shifters have 

some common points despite of different working principle. One of these common points is that 

they should include some security measures-algorithms. These safety measures are necessary to 

prevent problems and accidents that may be caused by the user/system. A problem in the shifter 

can cause problems with shifts between gears, cause problems such as when a parked vehicle 

slips, and cause an injury-fatal accident for similar reasons. For reasons like this, these systems 

are subjected to intensive tests in many different areas (environmental, electromagnetic, 

functional), during the development phase. These tests are so important to get information about 

system stability and system life-cycle. 
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¥zet: Human population is progressively aging, the proportion of older patients with 

cancer is increasing significantly. Due to the heterogeneity of general health and functional 

status amongst older persons, treatment of cancer is a major challenge. Older patients 

often face with more side effects of anticancer treatments. The immune system is very 

critical in suppression of cancer development.  Senescent cells accumulate during the aging 

process and exhibit a senescence-associated secretory phenotype (SASP); this means that 

they secrete inflammatory mediators (e.g., interleukin (IL)-6, IL-8, monocyte 

chemoattractant protein (MCP)-2, growth-regulated oncogene alpha (GROŬ), etc.) that 

can promote tumor growth by creating a tumorigenic environment. The SASP plays a 

critical role in tumor progression by affecting numerous processes including invasion, 

metastasis, epithelial-to-mesenchymal transition (EMT) induction, therapy resistance and 

immunosuppression. Breast cancer is the second leading cause of female cancer-related 

death worldwide. In order to increase efficiency of therapies it is crucial to identifiers 

breast cancer markers which increases via SASP exposure. 

We hypothesized that SASP may support the cancer cells in manipulating the immune 

system cells and help them to escape from immune clearance. We aimed to observe the 

changes in cancer cells with a proteomic approach after SASP and immune cell exposure. 

In accordance with this aim, we used mda-mb 231 breast cancer cell line. First, we 

cultured cancer cells with senescent mesenchymal stem cell secretome (MSC). Then we co-

cultured the cancer cells with Donor Lymphocyte Infusion (DLI). Finally, cancer cells were 

cultured with DLI + Senescent MSC secretome (OLD). After co-culture, secretomes were 

collected and samples were dried by adding StrataClean Beads. Afterwards, samples were 

prepared for mass spectrometry using the InStage Digestion method. LC-MS/MS analyzes 

were performed on ABSciex TOF 5600+ instrument. The data were evaluated with the help 

of bioinformatic tools. 

Results of bioinformatic revealed that SASP mediated cancer progression by suppressing 

the immune system in breast cancer. Additionally, we observed high expression of protein 

associated with cancer metastasis. We identified 63 proteins specific to the MDA + DLI + 

OLD group. Gene Ontology (GO) analysis revealed that these proteins negatively regulate 

the gene process, which plays a role in the immune system. With all these findings, we 

proved that SASP suppresses (blocks) lymphocytes and prevent them to proceed the 

immune clearance against breast cancer cells. 

Anahtar Kelimeler: SASP, Breast Cancer, Senescent Mesenchymal Stem Cell Secretome, 

Mass spectrometry 
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Abstract: Trim point for a six degrees of freedom (6DOF) air vehicle model is 

crucial for the accurate simulation and analysis of the air-vehicle's behavior. To 

be able to find these trim conditions, the Newton-Raphson algorithm is used. A new 

algorithm called ñTrimMapò is introduced to find proper initial conditions for 

given flight conditions using predetermined trimmed state values to initialize 

Newton-Raphson. These predetermined state values are produced using zeros and 

logical guesses for the state. Using these initial guesses, all flight envelope is 

scanned and the state values for the trimmed points are mapped inside a flight 

envelope to create base layer. These trimmed values of the states are used to 

generate initial conditions for neighbor flight conditions using series of neighbor, 

interpolation, and extrapolation loops for the points that could not be trimmed. 

Process is iterative and done until no new trim points are achieved. After finding 

these conditions, to make sure they are the trim points, these points are validated 

using 6DOF air vehicle simulations with a given maneuver. It has been seen that, 

algorithm is very promising and very robust over almost the entire flight envelope 

for finding new trim conditions. 
 

Keywords: Newton-Raphson, Initial Condition, Air vehicle Modelling, Simulation, 

Convergence, Trim 

 

 

 

1. Introduction  

The simulation and analysis of six degrees of freedom (6DOF) air vehicle models is the topic of 

interest for decades and it is crucial for understanding the behavior of air vehicles. Modeling 

and simulation have become essential tools in today's engineering development as computing 

power has increased. The use of six degrees of freedom models allows for the reduction of both 

project risks and costs, as well as the relatively easy assessment of different product 

configurations.[1] In these models, trim point represents a set of equilibrium conditions for the 

vehicle's states, such as its speed and altitude, as well as its control inputs, such as its thrust and 

elevator deflection. These equilibrium conditions allow the vehicle to maintain a steady flight 

without any external disturbances and most importantly shows that an air vehicleôs capability of 

a given maneuver or flight condition. Determining a trim point for a 6DOF air vehicle model is 

critical since it provides as a starting point for simulations utilizing initial values for differential 

equations and allows for the prediction of the aircraft's behavior under various flight situations. 

Trim also defines criteria for design and analysis based on aircraft models, and it can be utilized 

to provide data needed to define the operating envelope or performance characteristics. 
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Moreover, systems are linearized at trim points, for control law analysis [2]. If a point cannot be 

trimmed, then this might mean that desired envelope cannot be achieved with the given air 

vehicle configuration properties so that design change might be necessary. However, given 

point might be trimmable yet the algorithm used, couldnôt find the desired trim point. Therefore, 

trim ability at a given point in a desired envelope plays and extremely important role. Finding a 

trim algorithm might be challenging process since equations are coupled and nonlinear with the 

large number of states [3]. In literature there are numerous techniques with the advantages and 

disadvantages for finding trim points. One of the methods that is widely used is the bisection 

method. The Bisection Method involves iteratively dividing the interval in which the root lies 

into two equal parts, and then selecting the sub-interval that contains the root, and repeating the 

process until the desired accuracy is achieved. This method is simple and easy to understand, 

but it is relatively slow and hard to extend its usage for multi variate systems [4]. The Secant 

Method is a faster variation of the Bisection Method, where instead of bisecting the interval, an 

approximation to the root is obtained using the slope of the secant line passing through two 

points of the function and there is no need for derivative calculations [5].The Newton-Raphson 

Method is based on the idea of linear approximation, where the root of a function is 

approximated as the root of its linearization at a nearby point. This method can converge much 

faster than the Bisection and Secant Methods, but it requires the evaluation of the first 

derivative of the function [6]. This may seem like a costly job, yet first derivatives will be used 

when linearizing the air vehicle at trim points. Algorithm may not converge if the initial guess is 

not close enough to the root [7]. Selection of these initial guesses can be hard without any 

algorithm since more than ten equations should be solved simultaneously, meaning that more 

than ten parameters should be initialized correctly to Newton-Raphson algorithm to converge. 

Therefore, an algorithm called ñTrimMapò is suggested to overcome the initial value problem. 

Algorithm finds proper initial conditions for given flight conditions using predetermined 

trimmed state values to initialize Newton-Raphson. These predetermined state values are 

produced using zeros and logical guesses for the state. Using these initial guesses, all flight 

envelope is scanned and the state values for the trimmed points are mapped inside a flight 

envelope to create base layer. These trimmed values of the states are used to generate initial 

conditions for neighbor flight conditions using series of neighbor, interpolation, and 

extrapolation loops for the points that could not be trimmed. Process is iterative and done until 

no new trim points are achieved. After finding these conditions, to make sure they are the trim 

points, these points are validated using 6DOF air vehicle simulations with a given maneuver. It 

has been seen that, algorithm is very promising and very robust over almost the entire flight 

envelope for finding new trim conditions. 

2. Materials and Methods 

In this study, a six degrees of freedom (6DOF) air vehicle model was used to investigate the 

importance of selecting an appropriate initial point for the Newton-Raphson algorithm. The 

model was implemented using MATLAB(R2021a)/Simulink software and consisted of a set of 

nonlinear differential equations that described the vehicle's motion and behavior in 6DOF. The 

equations were based on the aerodynamic forces and moments acting on the vehicle, as well as 

the vehicle's mass and inertial properties. 
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2.1. Six Degrees of Freedom Aircraft Model 

Six Degrees of Freedom Air Vehicle model mainly consist of six components, and these are 

shown below using flowchart with their interactions. 

 

 
Figure 1. Six Degrees of Freedom Model Hierarchy 

In addition to the components above, there are other components in a 6DOF model such as 

actuators, sensors, and control law. Since, they do not have any impact on the algorithm, they 

will be omitted. With the data available on the literature, F16 aircraft is chosen and will be used 

in the modelling section.  

2.1.1. Aerodynamics Model 

The aerodynamic database is obtained from the NASA as tabular form, which are created using 

wind tunnel tests. Database is a function of angle of attack, angle of sideslip and surface 

deflections. Dimensional properties are given in the table shown below [8]. 

Table 1. Dimensional Parameters 

Parameter Name Value Unit  

Wingspan 9.144 m 

Wing Area 27.870 m
2
  

Mean Aerodynamic Chord  3.450 m 

2.1.2. Mass Model 

Mass properties are assumed to be constant during flight conditions and shown in the table 

below [9]. 
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Table 2. Mass Properties 

Parameter Name Value Unit  

Mass 9298 kg 

Ixx 12874 kg*m
2 

Iyy 75673 kg*m
2
 

Izz 85552 kg*m
2
 

Ixz 1331 kg*m
2
 

Ixy 0 kg*m
2
 

Iyz 0 kg*m
2
 

2.1.3. Propulsion Model 

Engine trust values are obtained using published data as tabular form for different Mach 

numbers and altitudes [8]. The model has first order lag with a time constant for the difference 

between throttle command input and the actual power level [10]. However, they are not 

considered since they have no impact on the algorithm. Model takes the throttle command input, 

Mach number and altitude to calculate the trust value. 

2.1.4. Environment Model 

To calculate the Mach number, dynamic pressure, angle of attack, angle of sideslip and dynamic 

pressure, U.S. Standard Atmosphere model is used  [11]. 

2.1.5. Equations of Motion Model 

The equations of motion model are a crucial component of any flight simulation or analysis, 

particularly for aircraft or air vehicle models. These equations describe the dynamics of the 

vehicle's motion in six degrees of freedom, including its translational and rotational motion. The 

importance of the equations of motion model lies in its ability to accurately represent the 

behavior of the air vehicle in response to different flight conditions, including variations in 

altitude, speed, and control inputs. This model is essential for understanding how the vehicle 

will respond to different flight scenarios, as well as for designing and optimizing control 

systems for the vehicle. In addition, the equations of motion model can also be used for 

trajectory planning and optimization, as well as for evaluating the overall performance and 

safety of the air vehicle. Equations are now constructed with assumptions given below [12]. 

1) Aircraft is a rigid body. 

2) Earth is and inertial reference inertial frame. 

3) Mass is constant. 

4) Earth is flat and non-rotating. 

5) Atmosphere is uniform and stationary. 

With the given assumptions above, equations are constructed. State variables are chosen as 

angular rates, Euler angles, body velocities, and positions. 

ὢ ὖὗὙȟόὺύȟ‰—‪ȟὼώᾀ  

Control inputs are chosen as below. 
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Ὗ  ‏ȟ‏ȟ‏ȟ‏

Where, ‏ȟ‏ȟ‏ȟ‏ inputs are the aileron, elevator, rudder, and throttle inputs respectively. 

With defined states and inputs, state derives now can be defined as a function of states and 

inputs of the aircraft. 

ὢ ὪὢȟὟ  

2.2. Trim Algorithm  

Trim algorithm is chosen as Multi-variate Newton-Raphson method and the purpose of the 

algorithm is to find the state variables and the control inputs that satisfy the state derivatives and 

the outputs.  

ὢȟὣ ὪὢȟὟ        

The Multi-variate Newton Raphson formulation given as below. 

● ● ὐ● Ὢ●       

Where, ● is the combination of the states and inputs, ὐ is the Jacobian matrix, and Ὢ is the 

constrained equations as shown below. 

● ὢȟὟ          

ὐ●

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ ● ● Ễ

● ● Ễ

ể ể  

●

●

ể

● ● ȣ ●Ứ
ủ
ủ
ủ
ủ
ủ
Ủ

       

Partial differentiation cannot be done analytically so that centered differentiation is introduced. 

Ў Ў

Ў
                    

Process is summarized in the below flow chart. 
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Figure 2. Newton-Raphson algorithm 

2.2.1. Trim Types 

In literature there are many trim types that has been used frequently. Some of them are the 

straight flight, pull-up, steady-state turn, push-over [2]. Many more can be defined according to 

the user needs. For simplicity one of them is chosen and explained as below. 

2.2.1.1. Pull-up Trim  

The pull-up trim condition is a specific trim point for an aircraft where the pilot applies a 

positive pitch input to initiate a climb. In pull-up, trim is defined using 10 constrained equations 

and 10 corresponding unknowns, as shown in the table below. 

Table 3. Pull-up Trim 

Constrained Equations Values Unknowns Defined Variables 

True Air Speed (TAS)  User Defined ‏ p = 0 

Gamma 0 ‏ r = 0 

Load Factor (Ny) 0 ‏ ‪ = 0 

Load Factor (Nz) User Defined ‏ z (Altitude) = User defined 

u→ 0 u x = 0 

v→ 0 v y = 0 

 0 w  

 0 ‰  

q→ 0 —  

 0 q  
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2.3. TrimMap  

The most important point of the Newton Raphson method is the initial conditions, and they 

must be selected carefully because selection of these initial conditions may lead us nowhere 

near the solution. Therefore, an algorithm is placed to find as much as possible trim conditions 

to the aircraft trim problem by choosing the optimum initial conditions for the Newton Raphson. 

It is an iterative algorithm and consist of 4 main parts. These are, 

¶ Base Layer 

¶ Neighbor Layer 

¶ Extrapolation Layer 

¶ Interpolation Layer 

To be able to apply the algorithm, an envelope is chosen and bounded by Mach number and 

altitude. 

Table 4. Flight Envelope 

Envelope Parameter Range Unit  

Mach [0.2:0.05:1.2] - 

Altitude [0:2000:40000] ft 

2.3.1. Base Layer 

In the base layer, all parameters except the forward velocity component ό is initialized by zero 

since it has been observed that, it has the most impact while finding trim conditions. Whole 

envelope is scanned using these initial conditions, and the trimmed pointôs states and input 

values are saved for the next layers. 

Table 5. Base Layer initialization algorithm 

Unknowns (●) Initialization value  

 0 ‏

 0 ‏

 0 ‏

 0 ‏

u True Air Speed (TAS) 

v 0 

w 0 

‰ 0 

— 0 

q 0 

2.3.2. Neighbor Layer 

In the neighbor layer, conditions are initialized by the neighborôs trimmed pointôs states and 

inputs. Neighbor locations and the algorithm are defined and found as shown in the example 

below. Assume aircraft is to be trimmed at 0.6 Mach and 16000 ft altitude. 
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1. Find the location of the point using range defined in Table 4. Location is calculated, finding 

the order from the breakpoint table. 

ὒέὧὥὸὭέὲ ȟ υȟω  

  Mach 

  

0,2 0,25 0,3 0,35 0,4 0,45 0,5 0,55 0,6 0,65 0,7 0,75 0,8 0,85 0,9 0,95 1 1,05 1,1 1,15 1,2 

A
lti

tu
d

e 

0                      

4000                      

8000                      

12000                      

16000                      

20000                      

24000                      

28000                      

32000                      

36000                      

40000                      

Figure 3. Location of the Trim Point 

2. Find the locations that touches the trimmed condition. A point on envelope has 8 neighbor 

locations unless it is on the outer edge. Locations are found as adding and subtracting by 

one from the trim point. 

ὔὩὭὫὬὦέὶὒέὧὥὸὭέὲίτȟψȟυȟψȟφȟψȟτȟωȟφȟωȟτȟρπȟυȟρπȟφȟρπ  

  Mach 

  

0,2 0,25 0,3 0,35 0,4 0,45 0,5 0,55 0,6 0,65 0,7 0,75 0,8 0,85 0,9 0,95 1.0 1,05 1,1 1,15 1,2 

A
lti

tu
d

e 

0                      

4000                      

8000                      

12000                      

16000                      

20000                      

24000                      

28000                      

32000                      

36000                      

40000                      

Figure 4. Neighbor Locations 

3. Select the trimmed neighbor locations and eliminate the others. 

4. Take the state vector of the neighbor trimmed point and use it as initial condition for 

Newton Raphson.  

5. Do step 4 for all the neighbor trimmed locations, until point is trimmed or there is no 

neighbor left to be tried. 

2.3.3. Extrapolation Layer  

In the extrapolation layer, conditions are initialized by the extrapolating the trim states of the 2 

selected points. Points and the algorithm are defined and found as shown in the example below. 

Assume aircraft is to be trimmed at 0.6 Mach and 16000 ft altitude. 
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1. Find the distance difference between the trim point and the neighbor locations. 

ὈὭίὸὥὲὧὩυȟω τȟψȟυȟψȟφȟψȟτȟωȟφȟωȟτȟρπȟυȟρπȟφȟρπ 

ὈὭίὸὥὲὧὩρȟρȟπȟρȟ ρȟρȟρȟπȟ ρȟπȟρȟρȟπȟρȟ ρȟρ  

2. Subtract distance to each neighbor location to find the outer point. 

ὕόὸὩὶ ὖέὭὲὸίτȟψȟυȟψȟφȟψȟτȟωȟφȟωȟτȟρπȟυȟρπȟφȟρπ ὈὭίὸὥὲὧὩ 

ὕόὸὩὶ ὖέὭὲὸίσȟχȟυȟχȟχȟχȟσȟωȟχȟωȟσȟρρȟυȟρρȟχȟρρ 

3. Merge the outer points with the neighbor conditions to find the points. 

ὉὼὸὶὥὴέὰὥὸὭέὲὖέὭὲὸί
τȟψ
σȟχ
ȟ
υȟψ
υȟχ
ȟ
φȟψ
χȟχ
ȟ
τȟω
σȟω
ȟ
φȟω
χȟω
ȟ
τȟρπ
σȟρρ

ȟ
υȟρπ
υȟρρ

ȟ
φȟρπ
χȟρρ
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0,2 0,25 0,3 0,35 0,4 0,45 0,5 0,55 0,6 0,65 0,7 0,75 0,8 0,85 0,9 0,95 1.0 1,05 1,1 1,15 1,2 
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4000                      

8000                      

12000                      

16000                      

20000                      

24000                      

28000                      
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36000                      

40000                      

Figure 5. Extrapolation Points 

4. Select the trimmed points and eliminate the others. If one of the extrapolation point has no 

trim, then eliminate the combination also. Since it is impossible to extrapolate using one 

point.  

5. Extrapolate the trim state conditions for the trim point. 

ὼ ςz ὼ ὼ  

6. Do step 4 and 5 for all the extrapolation trimmed locations, until point is trimmed or there is 

no point left to be tried. 

2.4. Interpolation Layer  

In the interpolation layer, conditions are initialized by the interpolating the trim states of the 2 

selected points. Points and the algorithm are defined and found as shown in the example below. 

Assume aircraft is to be trimmed at 0.6 Mach and 16000 ft altitude. 

1. Find the distance difference between the trim point and the neighbor locations. 

ὈὭίὸὥὲὧὩυȟω τȟψȟυȟψȟφȟψȟτȟωȟφȟωȟτȟρπȟυȟρπȟφȟρπ 

ὈὭίὸὥὲὧὩρȟρȟπȟρȟ ρȟρȟρȟπȟ ρȟπȟρȟρȟπȟρȟ ρȟρ  

2. Add distance to each neighbor location to find the conjugate points. 

ὅέὲὮόὫὥὸὩ ὖέὭὲὸίτȟψȟυȟψȟφȟψȟτȟωȟφȟωȟτȟρπȟυȟρπȟφȟρπ ὈὭίὸὥὲὧὩ 

ὅέὲὮόὫὥὸὩ ὖέὭὲὸίφȟρπȟυȟρπȟτȟρπȟφȟωȟτȟωȟφȟψȟυȟψȟτȟψ  

3. Merge the conjugate points with the neighbor conditions to find the interpolation points. 

ὍὲὸὩὶὴέὰὥὸὭέὲ ὖέὭὲὸί
τȟψ
φȟρπ

ȟ
υȟψ
υȟρπ

ȟ
φȟψ
τȟρπ

ȟ
τȟω
φȟω
ȟ
φȟω
τȟω
ȟ
τȟρπ
φȟψ
ȟ
υȟρπ
υȟψ
ȟ
φȟρπ
τȟψ
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4. Eliminate the same points. 

ὍὲὸὩὶὴέὰὥὸὭέὲ ὖέὭὲὸί
τȟψ
φȟρπ

ȟ
υȟψ
υȟρπ

ȟ
φȟψ
τȟρπ

ȟ
τȟω
φȟω
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Figure 6. Interpolation Points 

5. Select the trimmed points and eliminate the others. If one of the interpolation points has no 

trim, then eliminate the combination also. Since it is impossible to interpolate using one 

point.  

6. Interpolate the trim state conditions for the trim point. 

ὼ
ὼ ὼ

ς
 

7. Do step 5 and 6 for all the interpolation trimmed locations, until point is trimmed or there is 

no point left to be tried. 

2.5. TrimMap Cycle  

Base layer, neighbor layer, extrapolation and interpolation layers are in a cycle and will be 

running one after another until no new trim is found. 
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Figure 7. TrimMap Algorithm scheme 

An example is given below for the envelope given in Table 4. Ones mean that the point is 

trimmed, zeros means that point could not be trimmed. 

  Mach 

  

0,2 0,25 0,3 0,35 0,4 0,45 0,5 0,55 0,6 0,65 0,7 0,75 0,8 0,85 0,9 0,95 1 1,05 1,1 1,15 1,2 

A
lti

tu
d

e 

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 

4000 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 

8000 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 

12000 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 

16000 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 

20000 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 

24000 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 

28000 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 

32000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

36000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

40000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Figure 8. Base Layer with an 86 TotalTrimPoint 
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  Mach 

  

0,2 0,25 0,3 0,35 0,4 0,45 0,5 0,55 0,6 0,65 0,7 0,75 0,8 0,85 0,9 0,95 1 1,05 1,1 1,15 1,20 

A
lti

tu
d

e 

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 

4000 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 
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1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 

12000 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 

16000 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 

20000 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 

24000 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 

28000 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 

32000 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 

36000 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 

40000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Figure 9. Neighbor Layer with 141 TotalTrimPoint 
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4000 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 

8000 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 

12000 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 

16000 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 

20000 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 

24000 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 

28000 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 

32000 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 1 1 0 0 

36000 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 0 0 0 0 0 

40000 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

Figure 10. Extrapolation Layer with 152 TotalTrimPoint 
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Figure 11. Neighbor Layer with 152 TotalTrimPoints 
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4000 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 

8000 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 

12000 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 

16000 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 

20000 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 

24000 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 
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32000 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 
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40000 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

Figure 12. Interpolation Layer with 155 TotalTrimPoint 
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Figure 13. Neighbor Layer with 162 TotalTrimPoint 
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20000 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

24000 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

28000 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 
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Figure 14. Extrapolation Layer with 167 TotalTrimPoint 
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Figure 15. Neighbor Layer with 167 TotalTrimPoint 
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32000 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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Figure 16. Interpolation Layer with 168 TotalTrimPoints 

Algorithm is stopped after that point since no point is trimmed after the neighbor and extrapolation layers. 

2.6. Validations by Simulation 

To be able to make sure that the trim point is the solution, a random point is chosen, and 

simulation is run.  

Table 6. Simulation point properties 

Constrained Equations Values Defined Variables 

Mach  0.6  p = 0 

Gamma 0 r = 0 

Load Factor (Ny) 0 ‪ = 0 

Load Factor (Nz) 2 z (Altitude) = 10000 ft 

u→ 0 x = 0 

v→ 0 y = 0 

 0  

 0  

q→ 0  

 0  
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Figure 17. Pull-up Simulation result 

3. Conclusion 

To conclude, total of 167 points could be trimmed and 82 of them was found using the 

algorithm. It can be said that algorithm doubled to trim conditions. Most important regions can 

be stated as transonic and above transonic. Algorithm can be extended to any trim type with a 

given envelope. Simulation for the selected shows that, trim is indeed achieved with the given 

pull-up maneuver. It has been seen that, algorithm is very promising and very robust over 

almost the entire flight envelope for finding new trim conditions.  
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¥zet: Kanser, h¿crelerin kontrols¿z bir ĸekilde ­oĵalmasē sonucunda 

oluĸmaktadēr. Akciĵer kanseri ise d¿nyada en sēk gºr¿len kanser ­eĸitlerinden 

biridir. 2020'de 2,2 milyondan fazla yeni akciĵer kanseri vakasē olduĵu 

belirtilmekte ve giderek yaygēnlēĵē artmaktadēr. Tedavisinde cerrahi, kemoterapi, 

radyoterapi, imm¿noterapi ve hedefe yºnelik ila­ terapisi gibi yºntemler sēklēkla 

kullanēlmaktadēr. Fakat bu yºntemlerin dezavantajlarēndan dolayē tedavilerde her 

zaman olumlu yanētlar alēnamamaktadēr. Bundan dolayē kansere yakalanmadan 

ºnce baĵēĸēklēĵēn oluĸturulmasē hastalēĵēn baĸlamasēnē engelleyecek ve tedaviden 

maksimum yanētēn alēnmasēnē saĵlayacaktēr. Bu ­alēĸmada, akciĵer kanserine 

yºnelik geliĸtirilen aĸē form¿lasyonlarēnēn imm¿nostim¿lan etkileri RAW264.7 

makrofaj ve L929 fibroblast h¿crelerinde incelenmiĸ ve sitotoksisiteleri 

belirlenmiĸtir. Otoklavlama yºntemi ile hazērlanan saf antijenlerin 

imm¿nostim¿lan etkinliĵinin en y¿ksek 100 Õg/ml konsantrasyonda 5,698 nmol/ml 

olarak elde edilmiĸtir. 100 Õg/ml saf antijenin alum ve saponin adjuvanlarē ile 

kombinasyonlarēyla hazērlanan aĸē form¿lasyonlarēnda ise en y¿ksek 

imm¿nostim¿lan etkinlik 100 Õg/ml saf antijen-100 Õg/ml adjuvan 

konsantrasyonlarēnda elde edilmiĸtir. 100 Õg/ml antijen-100 Õg/ml saponin 

adjuvanēnda fibroblast h¿crelerinde imm¿nostim¿lan etkinlik 5,969 nmol/ml iken 

RAW 264.7 makrofaj h¿crelerinde ise 6,047 nmol/ml olarak belirlenmiĸtir. 100 

Õg/ml antijen-100 Õg/ml alum adjuvanēnēn imm¿nostim¿lan etkinliĵinde ise 

fibroblast h¿crelerinde 6,124 nmol/ml, RAW 264.7 h¿crelerinde ise 6,163 nmol/ml 

olarak belirlenmiĸtir. ¢alēĸmada saponin adjuvanēnēn doĵal imm¿n sistem 

h¿creleri i­in toksik bir etkiye sahip olduĵu ve aĸē ­alēĸmalarēnda 

kullanēlamayacaĵēnē, alum adjuvanēnēn ise toksik etki oluĸturmadan y¿ksek bir 

imm¿nostim¿lan etkinlik oluĸturduĵunu belirtmekteyiz. Elde edilen sonu­larēn 

akciĵer kanserine yºnelik aĸē form¿lasyonlarēnēn geliĸtirmesine yardēmcē 

olacaĵēnē, kanser imm¿noterapisi ­alēĸan araĸtērmacēlar i­in veri saĵlayacaĵēnē 

sºyleyebiliriz. 
 

Anahtar Kelimeler: akciĵer kanseri, imm¿nostim¿lan etki, otoklav antijeni, 

sitotoksisite, adjuvan 
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¥zet: Akciĵer kanseri, tahminen 2 milyon teĸhis ve 1,8 milyon ºl¿mden sorumlu 

olan, kanser vakalarēnēn ve ºl¿mlerinin ºnde gelen nedenidir. Akciĵer kanseri, 

d¿nyada en yaygēn kanser ­eĸitlerinden biridir. Kemoterapi ve radyoterapi en 

etkili tedavi yºntemleri olmakla birlikte bazē t¿mºr h¿creleri bu tedavi 

yºntemlerine karĸē diren­lidir. Bundan dolayē kanser tedavilerinde yeni 

yaklaĸēmlar geliĸtirilmek istenmektedir. Doĵal bileĸiklerden elde edilen 

fitokimyasallar, daha az toksisite, daha az yan etki ve kolayca bulunabilme gibi 

b¿y¿k avantajlara sahiptir. Ayrēca alkaloidler, terpenoidler, steroidler ve 

flavonoidler gibi sekonder metabolitlerin kanser yolaklarēnē baskēladēĵē da 

­alēĸmalarda kanētlanmēĸtēr. Rezene Tohumunun (Foeniculum vulgare) antikanser 

ºzelliĵi nedeniyle kanser tedavisine yºnelik etkileri literat¿rde araĸtērēlmēĸtēr. Bu 

­alēĸmada, Rezene tohumu ekstraktē ve Altuzan ilacē kombinasyonlarē ile 

hazērlanan form¿lasyonlarēn A549 akciĵer kanseri h¿cre hattēna karĸē antikanser 

etkileri incelenmiĸtir. Ayrēca hazērlanan form¿lasyonlarēn sitotoksik etkileri THP-1 

makrofaj h¿cre hattēnda da bakēlmēĸtēr. 40 Õg/ml konsantrasyondaki rezene 

tohumu ekstraktēnēn sitotoksik etkisinde THP-1 h¿crelerinde %102,33 canlēlēk 

tespit edilmiĸtir. Rezene tohumu ekstraktēnēn akciĵer kanseri h¿creleri ile 

muamelesi sonucunda ise kanser h¿crelerinin canlēlēklarēnda azalma 

gºr¿lmektedir. A549 akciĵer kanseri h¿crelerine 40 Õg/ml konsantrasyondaki 

rezene tohumu ekstraktē uygulandēĵēnda %74,82 canlēlēk tespit edilmiĸtir. Rezene 

ekstraktēnēn sitotoksik etkinliĵi 40 Õg/ml konsantrasyonda en y¿ksek olduĵu i­in 

ila­ kombinasyonlarē bu konsantrasyon ile uygulanmēĸtēr. 40 Õg/ml ekstrakt-40 

Õg/ml altuzan ilacēnēn THP-1 ile muamelesinde %86,22 canlēlēk tespit edilmiĸtir. 

Ayrēca, 40 Õg/ml ekstrakt-40 Õg/ml altuzan ilacēnēn A549 ile muamelesinde ise 

%49,59 canlēlēk tespit edilmiĸtir. Sonu­ olarak, rezene tohumu ekstraktēnēn akciĵer 

kanseri h¿cre hattēnda sitotoksik etkiye sahip olduĵu gºr¿lm¿ĸt¿r. Rezene tohumu 

ekstraktē ile kombine edilen altuzan ilacēnēn ise A549 h¿crelerinde rezene tohumu 

ekstraktēnēn tek baĸēna kullanēmēna gºre daha fazla ºld¿rme oranēna sahip olduĵu 

belirlenmiĸtir. 
 

Anahtar Kelimeler: rezene tohumu, A549, akciĵer kanseri, altuzan, sitotoksisite  
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¥zet:  
Antibiotic resistance is a globally emerging health care concern. In recent years, a 

major difficulty in treatment of diseases such as tuberculosis, malaria, pneumonia 

and certain nosocomial infections is the presence of multi drug-resistant 

pathogens. In this regard, availability of the alternative antimicrobial materials is 

of paramount importance. Bacteriocins are ribosome-derived antimicrobial 

peptides generated by vast majority of bacteria to gain advantage over their 

competition. Bacteriocins from lactic acid bacteria (LAB) are often employed as 

natural food preservatives in food industry to increase the shelf-life of products. 

Their utilization as antimicrobial and anti-cancer agents in medical and veterinary 

treatments have been proposed. Therefore, discovery of new bacteriocin-producer 

LAB strains will benefit health and food industry applications.  

In this study, bacteriocin producer LAB strains were isolated from water buffalo 

milk samples collected from dairy farms located in Sorgun and Akdaĵmaĵdeni 

districts of Yozgat Province. Selective culture media were used for isolation of LAB 

genera including Lactobacillus, Enterococcus and Bifidobacterium. Screening of 

bacteriocin producer strains were carried out by reverse-side agar spot test using 

E. coli and S. aureus as indicator bacteria. A further verification of bacteriocin 

activity was carried out using neutralized cell-free supernatants via agar well 

diffusion assay. LAB isolates were characterized using miscellaneous biochemical 

methods including TSI, MR-VP, indole and catalase tests,. Majority of the 

bacteriocin producer strains formed some degree of inhibition zone against 

selected indicator bacteria implying a broad bacteriocin antimicrobial activity 

spectrum, which might enable their utilization as novel antimicrobial agents.  
  
Anahtar Kelimeler: bacteriocin, lactic acid bacteria, water buffalo milk, 

antimicrobial activity 
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Abstract:  
Being located at the interface of intracellular and extracellular regions of 

biological cells, membrane proteins (MPs) mediate many vital events including 

signal transduction, energy generation, selective transport of solutes etcé Because 

of these regulatory properties, nearly 70% of currently FDA approved drugs on the 

market target membrane proteins. Despite their importance, low abundance of 

MPs in natural resources is one of the major bottlenecks in studying their structure 

and functionality. Moreover, MPs have been employed in miscellaneous 

applications such as sensor technology, optogenetics, biomimetic separation 

membranes, in-vitro photosynthesis leads to an ever increasing demand for 

avaliability of MPs. Recombinant expression of MPs from heterologous expresion 

hosts was proven to be challenging especially for mammalian MPs due to 

improper folding, inclusion body formation and toxic effects on host organism. 

Therefore, development of alternative expression host systems for functional MP 

expression is of critical importance. Purple non-sulphur bacteria from 

Rhodobacter genus are known for their diverse metabolic pathways and intensively 

studied as model organisms in photosynthetis research. Under anaerobic, 

photosynthetic growth mode, plasma membrane surface area of Rhodobacter ssp 

immensely increase to accomodate the photosynthetic apparatus. An order of 

magnitude higher membrane surface area with inducible expression vectors 

imparts Rhodobacter sp as an attractive recombinant MP expression host.  

 

In this study, we employed codon optimized MISTIC chaperonin protein gene as N-

terminal and mBanana fluorescent protein gene as C-terminal fusion partner for 

human AQP6 and AQP9 genes for co-expression in Rhodobacter sp. Cloning 

procedures were carried out in E. coli Top10 and expression vectors were 

transfered in Rhodobacter by biparental mating using E. coli S17 ‗-pir. Protein 

expression was investigated under semi-aerobic and photosynthetic growth modes 

using two different promoters. A significant improvement in expression titers was 

observed with MISTIC fusions as monitored by SDS-PAGE.   
 

Keywords: membrane proteins, Rhodobacter, MISTIC fusion, recombinant gene 

expression 
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¥zet:   

Y¿z ifadeleri insanlarēn i­in duygularēnē iletmek bir yoldur, her biri yoĵunluĵu, 

n¿ansē ve belirsizliĵi a­ēsēndan benzersizdir. Y¿z ifadelerinin insan duygularēnēn 

sºzl¿ olmayan iletiĸiminde ºnemli bir ºĵe olduĵu a­ēktēr. Deneyimlenen duygu ile 

ilgili ifade arasēndaki baĵlantē karmaĸēktēr ve hen¿z tam olarak anlaĸēlamamēĸtēr. 

Farklē duygular bazen aynē ifadeyi bile yaratabilirler, ­¿nk¿ y¿z kaslarēnēn 

hareketleriyle ifade edilirler. Bu, insan duygularēnē anlamadaki bir­ok sorunun 

yalnēzca baĸlangēcēdēr. Duygu analizi konusunda bir­ok ­alēĸma yapēlmēĸtēr, her 

biri farklē teknikler, algoritmalar ve yºntemler kullanmēĸtēr.  

Son yēllarda, transformer modeli, derin ºĵrenme ve derin sinir aĵlarēndaki 

ilerlemelerin ana vurgularēndan biri haline geldi. 2017'deki ilk ­ēkēĸēndan sonra 

transformer mimarisi geliĸti ve farklē varyasyonlarē ortaya ­ēktē. Genellikle doĵal 

dil iĸlemede baĸarēlē sonu­lar vererek yaygēnlaĸmaya baĸlasa da sonradan farklē 

alanlarda kullanēlmaya baĸlanēldē.  Transformerlar dikkat kavramēna dayalē bir 

makine ºĵrenimi modelidir. Bu ­alēĸmada Transformerôlarēn nesne algēlama 

¿zerindeki baĸarēsēnēn y¿z ifadelerinin sēnēflandērēlmasēna etkisi analiz edilmiĸtir. 

Farklē transformer modellerinin ­eĸitli sonu­lar verebileceĵini gºz ºn¿nde 

bulundurarak analizler iki transformer modeli ¿zerinde yapēlmēĸtēr. 

Daha ºnceki ­alēĸmalarda GAN (Generative Adversarial Network) modeli 

kullanēlarak duygu ifadeleri tespitindeki baĸarēsē ele alēnmēĸtēr. GAN modeli iki 

yapay sinir aĵēndan oluĸur: bir ¿retici ve bir ayērt edici. ¥nceki ­alēĸmalarda GAN 

modelinin ¿retici bºl¿m¿nde evriĸimli sinir aĵlarē (CNN) kullanēlarak y¿z 

ifadelerinin sēnēflandērēlmasēndaki baĸarēsē ele alēnmēĸtēr.  

Bu ­alēĸmada ise ¿retici bºl¿m¿nde CNN mod¿l¿ yerine Transformer kullanarak 

yeni model, yani Transformer bazlē GAN oluĸturulmuĸtur. ¢alēĸmanēn ana odak 

noktasē gºrsellerdeki insan duygularēnēn deĵiĸtirilmesinde Transformer bazlē 

¿retici mod¿l¿n¿n baĸarēsēnē ºl­mektir. Geliĸtirilen GAN modelinde y¿z 

ifadelerinin sēnēflandērēlmasē i­in Vision Transformer (ViT) kullanēlmēĸ, CNN le 

karĸēlaĸtērēldēĵēnda AffectNet veri seti ¿zerinde daha baĸarēlē olduĵu 

gºzlemlenmiĸtir. Ek olarak Transformerlarēn dikkat mekanizmasē deĵerlerini 

gºrselleĸtirerek modelin duygu sēnēflandērmasē i­in karar aĸamasēnda girdideki 

odak noktalarē gºrselleĸtirilmiĸtir.   

 

 

Anahtar Kelimeler: Duygu analizi, Vision Transformer, AffectNet, GAN modeli, 

y¿z ifadeleri. 
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¥zet: Mechanical stimuli, including the stretch, shear stress and pressure, modulate 

extracellular functions by activating mechanotransduction pathways, and gene and 

protein expressions. As a result of mechanoresponse, phenotype or funtion of a cell can 

alter. Mechanical signal transduction is crucial for cell growth, development, 

differentiation, interaction with other cells. Besides, the transduction of mechanical 

force into biochemical signals plays an important role in homeostasis of tissues such as 

skeletal muscle, cardiac muscle, bone, cartilage, and vessels. Any defect at 

mechanotrusdution often leads to pathology in organism homeostasis. 

In this present study, a membrane based cell stretching device has been designed to 

apply uniaxial or biaxial mechanical stress on cells by sinusoidally-varying stretch of 

different magnitudes (5ï20%), frequencies (0.2ï2 Hz), and patterns. The cells are 

subjected to the mechanical strain in a controlled and homogeneous manner. The 

device provides real-time data collection. Computer-aided software was used in the 

mechanical design of the electro-mechanical cell stretching device and a preliminary 

prototype was produced using machining methods. 

As a result, this device has rendered examination of the effects of mechanical strain on 

cells possible. It, with its potential to be used in many cell types and tissues, will 

provide researchers opportunities for understanding the pathophysiology of the 

diseases, explaining the regeneration pathways associated with tissue damage and 

finding effective drugs. 

 

Anahtar Kelimeler: mechaotransduction, mechanobiology, cell stretching 
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¥zet: G¿n¿m¿zde d¿nya ticaretinin% 90'ē deniz yoluyla saĵlanmakta ve bu taĸēnēm 

sērasēnda gemilerin i­ kēsēmlarēnda oluĸan atēklarēn salēnēmē nedeniyle deniz 

kirliliĵi b¿y¿k bir sorun haline gelmektedir. Gemi atēklarē y¿ksek oranda yaĵ ve 

hidrokarbon i­eren petrol ve petrol t¿revli ¿r¿nleri i­ermektedir. Atēk i­eriĵindeki 

toksik bileĸikler hem sucul yaĸamē olumsuz etkilemekte hem de besin zincirine 

karēĸarak insan saĵlēĵēnē olumsuz etkilemektedir. Gemi kaynaklē deniz kirliliĵini 

ºnlemek amacēyla d¿zenlenen uluslararasē anlaĸmalar ­er­evesinde limanlarda 

atēk kabul tesisleri kurma zorunluluĵu bulunmaktadēr. Bu tesislerde ikincil deniz 

kirliliĵi oluĸturmayacak ĸekilde gemi atēklarē toplanmakta ve kontroll¿ bir ĸekilde 

elle­lenmektedir. Gemilerden ­ēkan atēklarēn ­oĵu, yaĵ ve su karēĸēmlarē i­eren 

em¿lsiyonlardēr. Liman atēk kabul tesislerinde em¿lsiyonlarēn yºnetiminde temel 

ama­, yaĵ ve suyu birbirinden ayērmaktēr. Atēk yaĵdan serbest su uzaklaĸtērēldēktan 

sonra atēksu, tesis i­erisindeki atēksu arētma tesisinde sērasēyla askēdaki yaĵ 

i­eriĵinin uzaklaĸtērēlmasē, yumaklaĸtērma, nºtralizasyon, ve durultma 

adēmlarēndan ge­irilmekte ve deĸarj kriterlerine uygun ĸekilde arētēlarak alēcē atēk 

su ortamēna gºnderilmektedir. Ancak, arētma giriĸindeki atēksu i­eriĵindeki 

salēnēmlar nedeniyle bazē durumlarda (solvent i­erikli yēkama sular) ­ēkēĸ deĸarj 

kriterleri aĸēlmaktadēr. Ķĸletme s¿resince deĸarj kriterlerinin saĵlanmasē i­in, tesis 

atēksu arētma ¿nitelerinin baĸlangēcēna ­ºz¿nm¿ĸ hava flotasyonu (DAF) sistemi 

kurulmuĸtur. Bu ­alēĸmada DAF ¿nitesinin giriĸ ve ­ēkēĸēndan numune alēnarak 

deĸarj kriterlerinin ana parametreleri olan yaĵ-gres ve kimyasal oksijen ihtiyacē 

(KOĶ) parametrelerinin giderilmesi deĵerlendirilmiĸtir. DAF ¿nitesine gelen 

sintine suyunun karakteristiĵine baĵlē olarak, yaĵ-gres gideriminde %85; KOĶ 

gideriminde ise %96ôya varan verimler elde edilmiĸtir. Bºylelikle, DAF ¿nitesinin, 

arētma tesisinin kirlilik y¿k¿n¿ azalttēĵē, deĸarj kriterlerini saĵlamada yardēmcē 

olduĵu gºr¿lm¿ĸt¿r.  
 

Anahtar Kelimeler: sintine atēksularē, liman atēk kabul tesisleri, ­ºz¿nm¿ĸ hava 
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Abstract: Solar panels are devices that convert sunlight into electricity. The 

efficiency and performance of solar panels depend on several factors, including the 

quality and design of the panel's glass cover. In recent years, advances in glass 

technology have led to the development of specialized glasses that enhance the 

efficiency and durability of solar panels. 

This article provides an overview of the different types of glass used in solar 

panels, including tempered glass, anti-reflective glass, self-cleaning glass, and 

anti-fogging glass. It discusses how each type of glass works to improve the 

performance and longevity of solar panels, and how these glass technologies are 

constantly evolving and improving. 

Overall, the article highlights the importance of glass technology in the 

development of efficient and durable solar panels, and how ongoing research and 

innovation in this field are essential for the continued growth of the solar industry. 
 

Keywords: Solar panels efficiency, solar glasses, glass technology. 

 

 

1. Introduction  

Solar energy is a clean, renewable and unlimited source of energy. Solar energy is more 

environmentally friendly and more economical in the long run compared to fossil fuels. Solar 

panels are used to convert solar energy into electrical energy. Solar panels consist of a series of 

cells, usually made of silicon crystals, and these cells generate electrical energy when exposed 

to sunlight. Solar panel glasses are an important component that protects the solar cells and also 

allows the sun's rays to enter the panel. However, solar panel glasses may cause some energy 

loss due to the reflection of the sun's rays from the glass surface. Therefore, different 

technologies have been developed to increase efficiency by reducing reflectivity and increasing 

absorption of solar panel glasses. In addition, properties such as water resistance and durability 

of coatings applied to solar panel glasses can also affect efficiency. 

Of course, solar energy has quickly become popular as an environmentally friendly energy 

source in recent years. Therefore, the efficiency of solar panels is becoming more and more 

important with the increasing demand for renewable energy sources. Solar panel glasses are one 

of the main components of solar panels and have a significant impact on the efficiency of the 

panel. 
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For this reason, research and development continues to increase the efficiency of solar panel 

glasses. These studies can help make solar panels more efficient and environmentally friendly. 

Therefore, research on the design and materials of solar panel glasses is important as it has great 

potential in the solar industry. 

This article examines the different technologies and methods used to increase the efficiency of 

solar panel glasses, focusing on the different factors that affect the efficiency of solar panel 

glasses. The article aims to be a resource for researchers and industry experts working on solar 

panel glass. 

In this article, we will examine the different technologies used to increase the efficiency of solar 

panel glasses. We will also consider the effect of humidity on the efficiency of solar panel 

glasses. 

2. Solar Panel Glasses and Efficiency 

Solar glass is a type of glass that is designed to absorb and convert solar energy into electricity 

[1]. It is made by coating traditional glass with thin layers of transparent conductive oxide and 

photovoltaic material [2]. This technology allows buildings to generate their own electricity by 

integrating solar panels into the building's windows, thus reducing the need for traditional solar 

panels [1]. 

One of the key factors that affect the efficiency of solar glass is its ability to convert solar 

radiation into electricity. The efficiency of solar glass is measured by the amount of sunlight it 

can convert into electricity, which is known as the power conversion efficiency (PCE) [2]. The 

higher the PCE, the more electricity can be generated from a given area of solar glass. 

According to recent research, the efficiency of solar glass has been steadily increasing over the 

years. In 2020, researchers at the University of Michigan reported that they had developed a 

new type of solar glass that had a PCE of 8.1%, which is a significant improvement over 

previous iterations [3]. This increase in efficiency was achieved by using a new material that 

was more effective at capturing sunlight and converting it into electricity. 

Another factor that can impact the efficiency of solar glass is its transparency. In order to be 

effective, solar glass must be transparent enough to allow sunlight to pass through, while also 

being opaque enough to capture and convert the solar radiation into electricity [1]. Achieving 

this balance can be challenging, but recent advancements in material science have made it 

possible to create solar glass that is both highly efficient and transparent [2]. 

In conclusion, solar glass is a promising technology that has the potential to revolutionize the 

way we generate electricity. As its efficiency continues to improve, it is likely that we will see 

an increasing number of buildings incorporating solar glass into their design. With the potential 

to reduce our reliance on traditional energy sources, solar glass could play a key role in the 

transition to a more sustainable future. 
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3. Factors Affecting the Efficiency of Solar Panel Glasses 

3.1. Glass Quality 

The quality of the glass used in solar panel glasses is a critical factor affecting the efficiency of 

the panels. Glass should be transparent, durable and able to withstand environmental conditions 

such as temperature and humidity. The use of low quality glass can cause the efficiency of the 

panels to decrease [4]. The thickness of the glass used in the panel can also affect the efficiency 

of the panel. Thicker glass can absorb more light, which can reduce the efficiency of the panel. 

Therefore, it is important to choose the right glass thickness for solar panel glasses [5]. 

A study by Ye et al. [6] investigated the effect of glass surface roughness on the efficiency of 

solar panel glasses. The study found that rougher surfaces increase the efficiency of the panels 

due to better light retention and better light absorption. The study suggested that future research 

should focus on optimizing the surface roughness of the glass to further improve the efficiency 

of solar panel glasses. 

3.2. Type of Photovoltaic Material 

The type of photovoltaic material used in solar panel glasses is also an important factor 

affecting the efficiency of the panels. There are several types of photovoltaic materials such as 

silicon, cadmium tellurium, copper indium gallium selenide, and organic photovoltaics. Silicon 

is the most widely used material in solar panel glass due to its high efficiency and low cost [7]. 

However, the efficiency of silicon-based solar panel glasses can be improved using advanced 

manufacturing techniques such as passivation, texturing, and surface engineering [8]. 

Cadmium telluride is another material commonly used in solar panel glasses due to its high 

efficiency. However, cadmium is a toxic substance that limits its widespread use. A study by 

DO Scanlon et al. [9] investigated the use of non-toxic zinc oxide as an alternative to cadmium 

telluride in solar panel glasses. The study found that the use of zinc oxide resulted in 

efficiencies comparable to cadmium telluride, while also being non-toxic and cost-effective. 

3.3. Panel Design 

The design of the panel can also affect the efficiency of the panel. The panel design should be 

optimized to maximize the absorption of sunlight and minimize the reflection of sunlight. The 

use of anti-reflective coatings can help reduce the reflection of sunlight and increase the 

efficiency of the panel [10]. The use of concentrator photovoltaic technology can also increase 

the efficiency of solar panel glasses by concentrating sunlight on a small area of the panel [11]. 

A study by A. Kumar et al. [12] explored the use of a hybrid approach combining a bi-surface 

solar panel design with a concentrator photovoltaic technology. The study found that using a 

hybrid approach led to significant improvements in the efficiency of solar panel glasses. 
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3.4. Environmental Conditions 

Environmental conditions such as temperature and humidity can also affect the efficiency of 

solar panel glasses. As the temperature increases, the efficiency of the panel decreases. For this 

reason, it is important to keep the panel temperature at optimum levels in order to increase the 

efficiency of solar panel glasses [13]. The use of cooling systems such as heat sinks and fans 

can help keep the panel temperature at optimum levels [14]. Humidity can also affect the 

efficiency of solar panel glasses, high humidity causes the efficiency of the panel to decrease. 

Therefore, it is important to protect the panel from high humidity [15]. 

And also it is natural for solar panel glasses to accumulate dust from the outside environment. In 

many previous studies, the effects of accumulated dust on the performance of Solar panels have 

been investigated. When the studies on this subject are examined, it has been determined that 

the dust accumulated on the surface of the panel can reduce the efficiency of the system by up to 

50%. 

4. Approaches for Improving the Efficiency of Solar Panel Glasses 

4.1. New Materials 

One approach to improving the efficiency of solar panel glasses is the development of new 

materials with enhanced optical and electrical properties. Several materials have been proposed 

for this purpose, including perovskite materials, carbon nanotubes, graphene, and metal-organic 

frameworks (MOFs). Perovskite materials are a type of hybrid organic-inorganic material with 

excellent optical and electrical properties [16]. Perovskite materials have been shown to exhibit 

high light absorption and conversion efficiency when used as the active layer in solar cells [17]. 

The use of perovskite materials in solar panel glasses could potentially improve their efficiency 

by increasing the amount of solar energy that is absorbed and converted into electricity. 

Carbon nanotubes and graphene are two other materials that have been proposed for use in solar 

panel glasses. Carbon nanotubes are known for their excellent electrical conductivity, high 

thermal conductivity, and strong mechanical properties [18]. Graphene, on the other hand, is a 

single layer of graphite with unique optical and electrical properties [19]. Both carbon 

nanotubes and graphene have been proposed for use as transparent conductive coatings on solar 

panel glasses to improve their electrical conductivity and optical properties [20]. 

Metal-organic frameworks (MOFs) are a type of porous material with high surface area and 

tunable chemical and physical properties [21]. MOFs have been proposed for use as the active 

layer in solar cells due to their high charge separation efficiency and tunable optical properties 

[22]. The use of MOFs in solar panel glasses could potentially improve their efficiency by 

increasing the amount of solar energy that is absorbed and converted into electricity. 

4.2. Advanced Coatings 

Another approach to improving the efficiency of solar panel glasses is the use of advanced 

coatings. These coatings can be designed to selectively reflect or absorb certain wavelengths of 

solar radiation, allowing for more efficient harvesting of solar energy. Additionally, coatings 
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that can self-clean or repel dust and dirt could help to improve the performance of solar panel 

glasses over time. 

One type of advanced coating that has been proposed for use on solar panel glasses is the anti-

reflective coating. Anti-reflective coatings are designed to reduce the amount of light that is 

reflected back from the surface of the glass, thereby increasing the amount of light that is 

transmitted into the solar cells [23]. Another type of coating that has been proposed for use on 

solar panel glasses is the selective coating. Selective coatings are designed to absorb certain 

wavelengths of solar radiation while reflecting others, allowing for more efficient harvesting of 

solar energy [24]. Additionally, self-cleaning coatings that use superhydrophobic materials have 

been developed to reduce the accumulation of dust and dirt on the surface of solar panel glasses 

[25]. 

4.3. Optimization of Glass Thickness and Angle of Incidence 

The efficiency of solar panel glasses can also be improved by optimizing their thickness and 

angle of incidence. The thickness of the glass can affect the amount of light that is absorbed and 

transmitted by the solar cells. Thicker glasses can absorb more light, but they can also reduce 

the amount of light that is transmitted to the solar cells [26]. Optimizing the thickness of the 

glass can help to balance these factors and improve the efficiency of solar panel glasses. 

The angle of incidence of the solar radiation can also affect the efficiency of solar panel glasses. 

The angle of incidence is the angle between the incoming solar radiation and the normal to the 

surface of the glass. Solar panel glasses are typically installed at an angle to maximize the 

amount of solar radiation that is incident upon them. However, changes in the angle of 

incidence throughout the day and across the seasons can affect the efficiency of solar panel 

glasses. The use of tracking systems that adjust the angle of incidence of the solar radiation can 

help to improve the efficiency of solar panel glasses [27]. 

4.4. Technological Advances in Solar Panel Manufacturing 

The manufacturing process plays a crucial role in the efficiency and cost of solar panels. 

Technological advances in solar panel manufacturing have led to significant improvements in 

efficiency and cost reduction. For instance, the use of screen printing technology for the 

fabrication of silicon solar cells has enabled high-volume production at low cost [28]. Another 

technological advancement is the use of laser processing for the fabrication of thin-film solar 

cells, which allows for precise control of the material properties and reduces material waste 

[29]. 

Moreover, 3D printing technology has the potential to revolutionize solar panel manufacturing 

by enabling the production of customized and complex shapes, reducing material waste, and 

lowering the cost of production [30]. Research is ongoing to explore the use of 3D printing 

technology for the fabrication of solar panels. 

Aside from the established solar panel technologies, there are emerging technologies that offer 

potential for higher efficiency and lower cost. One such technology is organic solar cells, which 

use organic materials instead of inorganic materials like silicon. Organic solar cells have the 
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advantage of being flexible, lightweight, and printable, making them suitable for various 

applications. However, organic solar cells currently have lower efficiency compared to 

inorganic solar cells and are less stable. Research is ongoing to improve the efficiency and 

stability of organic solar cells [31]. 

Another emerging technology is perovskite-silicon tandem solar cells, which combine the high 

efficiency of perovskite solar cells with the stability of silicon solar cells. Perovskite-silicon 

tandem solar cells have shown efficiencies of over 29%, surpassing the efficiency of individual 

perovskite and silicon solar cells. However, challenges remain in scaling up the production and 

ensuring the long-term stability of perovskite-silicon tandem solar cells [32]. 

5. Environmental Impact of Solar Panel Efficiency Improvement 

Improving the efficiency of solar panels has the potential to significantly reduce the 

environmental impact of solar energy generation. Higher efficiency means that fewer solar 

panels are needed to generate the same amount of electricity, reducing the land use and material 

consumption of solar energy systems. Moreover, higher efficiency means that less energy is 

required to produce and transport solar panels, reducing the carbon footprint of solar energy 

systems. 

However, the production of solar panels and their end-of-life disposal can still have 

environmental impacts, such as the emission of greenhouse gases during manufacturing and the 

accumulation of toxic waste in landfills. It is important to consider the environmental impact of 

solar panel production and disposal in the pursuit of higher efficiency and to develop 

sustainable practices for the production and disposal of solar panels. 

6. Challenges and Future Directions 

While the efficiency of solar panel glasses has improved significantly in recent years, there are 

still challenges that need to be addressed to enable the widespread adoption of solar energy. In 

this section, we will discuss some of these challenges and future directions for improving the 

efficiency of solar panel glasses. 

One challenge is the cost of manufacturing and installing solar panels. While the cost of solar 

panels has decreased significantly in recent years, it is still higher than traditional fossil fuel 

energy sources. Further research is needed to develop cost-effective manufacturing processes 

and installation techniques for solar panels. 

Another challenge is the limited availability of raw materials for solar panels. Some materials 

used in solar panels, such as indium and tellurium, are rare and expensive. Research is needed to 

develop alternative materials that are abundant and cost-effective. 

Future directions for improving the efficiency of solar panel glasses include the development of 

new materials, such as perovskite materials and quantum dots, and the optimization of 

manufacturing processes, such as 3D printing and screen printing [33,34]. Additionally, 

advancements in energy storage technology, such as batteries and capacitors, will be critical to 

enable the widespread adoption of solar energy. 
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7. Discussion 

The approaches discussed above offer promising solutions for improving the efficiency of solar 

panel glasses. However, each approach has its own set of challenges and limitations. For 

example, the use of new materials such as perovskites and MOFs requires further research to 

determine their long-term stability and performance under varying environmental conditions 

[35]. Additionally, the high cost of these materials may limit their commercial viability. 

The use of advanced coatings offers a more practical solution for improving the efficiency of 

solar panel glasses. Anti-reflective and selective coatings have been shown to be effective in 

increasing the amount of solar energy that is absorbed and transmitted by solar panel glasses 

[36]. Additionally, the development of self-cleaning coatings could help to reduce the 

maintenance costs associated with solar panel glasses. 

Optimizing the thickness and angle of incidence of solar panel glasses is a simple yet effective 

approach for improving their efficiency. However, this approach may not be suitable for all 

situations, such as in urban environments where there may be limited space for solar panel 

installations. The use of tracking systems that adjust the angle of incidence of solar radiation 

offers a more flexible solution for maximizing the efficiency of solar panel glasses in varying 

environmental conditions. 

8. Conclusion 

The efficiency of solar panel glasses is a critical factor that affects the performance of solar 

power systems. Researchers have proposed several approaches for improving the efficiency of 

solar panel glasses, including the development of new materials, the use of advanced coatings, 

and the optimization of the thickness and angle of incidence of the glass. While each approach 

offers promising solutions, they also have their own set of challenges and limitations. Further 

research is needed to determine the long-term stability and performance of these approaches 

under varying environmental conditions. Nonetheless, the development of more efficient solar 

panel glasses could help to accelerate the adoption of solar energy and reduce our reliance on 

fossil fuels. 
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¥zet: Kumaĸlar insan hayatē boyunca ºnemli bir yere sahip olmasēndan dolayē 

kumaĸlarda oluĸacak hatalar gºz ardē edilmemektedir. ¥zellikle tekstil sektºr¿nde 

bu durum ºnemli bir faktºrd¿r. G¿n¿m¿zde sanayileĸmenin geliĸmesiyle birlikte 

kumaĸlarda bulunan hatalarēn tespiti ve sēnēflandērēlmasē, insan gºz¿ ile tespit 

yerine bilgisayar tabanlē tespite dºn¿ĸm¿ĸt¿r. Bilgisayar ile y¿ksek doĵruluk 

oranēnda kusur tespiti veri sayēsē ile doĵru orantēlēdēr. Ancak yapēlan ­alēĸmalarda 

veri setleri kēsētlē sayēdadēr. Bu nedenden dolayē ­alēĸmamēzda, ºzg¿n ve veri 

miktarē y¿ksek bir veri seti toplanmasē ama­lanmēĸtēr. Veri toplama aĸamasē, 

2021-2022 yēllarē arasēnda ­eĸitli firmalardan hatalē kumaĸ ºrnekleri toplanmasē 

ile tamamlanmēĸtēr. ¢alēĸmada kullanēlan veri seti i­erisinde; tekstil 

makinelerinden oluĸmuĸ kērēĸēklēklar, ­izgiler, delikler, yaĵ lekeleri ve soluk 

kumaĸlardan oluĸmaktadēr. Kērēĸēklēk sēnēfēnda 732, ­izgi sēnēfēnda 1308, delik 

sēnēfēnda 1144, yaĵ lekeleri sēnēfēnda 1312, soluk kumaĸ sēnēfēnda 1032 veri 

bulunmaktadēr. Veri setindeki dengesiz daĵēlēm sºz konusu olduĵundan veri 

artērma yºntemi kullanēlarak her bir sēnēftaki ºrnek sayēsē 1312ôye ­ēkarēlmēĸtēr. 

Model eĵitim aĸamasēnda veri setini %70 eĵitim, %20 doĵrulama ve %10 test 

olmak ¿zere ¿­ kēsma ayrēlmēĸtēr. Veri setinde bulunan hatalē kumaĸlarēn doĵru bir 

ĸekilde sēnēflandērēlmasē i­in ResNet-50 modeli kullanēlmēĸtēr. ¢alēĸmada ResNet-

50 modelini kullanēlmasēndaki ama­, derin ºĵrenme modelinin derinliĵinin 

artmasēyla birlikte ortaya ­ēkan aĸērē ºĵrenme sorununu ­ºzmektir. Bununla 

birlikte modeldeki aĵērlēk g¿ncellemelerini ger­ekleĸtirmek i­in Adam 

optimizasyon algoritmasē kullanēlmēĸtēr.  ¢alēĸma sonunda ResNet-50 modeli ile 

%97.73 y¿ksek doĵruluk elde edilmiĸtir.  
 

Anahtar Kelimeler: Tekstil Hatalarē, ResNet-50, Evriĸimli Sinir Aĵē, Kumaĸ 

Hatalarē 
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