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Derleme
Ziraat Mithendisligi (379), 4-15
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Tarimda Yapay ve Ek Aydinlatma I¢in Kullanilan
Armatiirlerin Teknik Analizi

Technical Analysis of Light Fixtures Used for Artificial and Supplemental Lighting

OZET
Sorumlu Yazar
Temucin Goktiirk SEYHAN! Bitkilerin biiytime ve gelismesi icin su, karbondioksit,
seyhan@ankara.edu.tr oksijen, besin maddeleri, sicaklik ve 151k gibi ¢esitli gereksinimleri
0000-0003-4622-6059 bulunmaktadir. Bu ihtiyaglar agikta yetistiricilikte dogal olarak
saglanmakta olup sera veya dikey tarim gibi sistemlerde dogay1
Y:
Sa;z;:;m SEYHAN? taklit ederek bir kism1 veya tamami yapay olarak saglanmaktadr.

sinem.seyhan@ankara.edu.tr Fotosentezde en yiiksek verimi alabilmek icin giinlitk aydinlik
0000-0002-2252-7335 stiresi, fotosentetik foton aki yogunlugu, giin icinde toplanan
fotosentetik foton sayist gibi birtakim parametrelerin bilinmesi
ve ideal sekilde saglanmasi igin gerekli hesaplamalarin yapilmas:
onem tagtmaktadir. Bitkilerin 1sikla ilgili bu ihtiyaglar: cesitli
kaynaklardan  saglanabilmektedir.  Bitkilerin  fotosentezde
kullandigr 1s1gin spektrumu, siddeti gibi ozelliklerinin yaninda
giin i¢inde hangi siire ile ve bu siire icinde toplam ne kadar 151k
aldig1 da ¢ok onemlidir. Bitkilerin tiiri ve ¢esidi ile yetisme
dénemine goreihtiya¢ duyduklartisik miktari ve siiresi degiskenlik
gosterebilmektedir. Bu calismada bazi bitkilerin giinlitk 151k
integrali ihtiyaglari tizerinde durularak bu ihtiyaglarin saglanmas:
icin kullanilan yapay ve ek aydinlatma armatiirlerinden bazilary;
enerji verimi, 15tk etkinligi, spektral kalite, gii¢, IP koruma

stnifi, 6miir gibi parametreler bakimindan incelenmis ve 1s18in

1 Ankara Universitesi. planlamasi ve kontroliine yonelik bilgiler verilmistir.

2 Ankara Universitesi.

Génderilme Tarihi - 22 Eyliil 2023 Anahtar Kelimeler: Yapay Aydinlatma, Ek Aydinlatma,
Kabul Tarihi : 17 Subat 2024  Aydinlatma Armatiirleri, Dikey Tarim, Giinliik Istk integrali
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ABSTRACT

Plants have various requirements for growth and
development, such as water, carbon dioxide, oxygen,
nutrients, temperature, and light. These needs are provided
naturally in open farming, and some or all of them are
provided artificially by imitating nature in systems such as
greenhouse or vertical farming. In order to get the highest
efficiency in photosynthesis, it is important to know some
parameters such as daily light duration, photosynthetic
photon flux density, the number of photosynthetic
photons collected during the day and to make the necessary
calculations to provide them in an ideal way. These light
needs of plants can be met from various sources. In addition
to the features such as the spectrum and intensity of the light
used by plants in photosynthesis, it is also very important
how much light is received during the day. Depending
on the type and variety of plants and the growing period,
the amount and duration of light they need may vary. In
this study, the daily light integral needs of some plants are
emphasized and some of the artificial and supplemental
lighting fixtures used to meet these needs are investigated
in terms of energy efficiency, light efficacy, spectral quality,
power, IP protection class, life span and some information

on planning and control of light are given.

Keywords: Artificial Lighting, Supplemental Lighting,
Lighting Fixtures, Vertical Farming, Daily Light Integral

GIRiS

Fotosentez  bitkilerin ~ besin  iiretim  siirecidir.
Fotosentezin temel bilesenleri klorofil, su, karbondioksit
ve isikur (Shivling ve Ghanshyam 2012). Isik yogunlugula
fotosentez hizi arasinda dogrusal bir iliski bulunmaktadir
(He ve Yao 2002). Bitkilerin en temel 151k kaynag: giinestir
fakat giines 1s1ginin yeterli olmadigr durumlarda yardimei
aydinlatma elemanlariyla bitkilerin aldigt 15181 artirmak,
uzun zamandir {izerinde ¢alisilan bir konu olup bitkilerin
ihtiyact olan 151k dalga boylart ve bu dalga boylarindaki
isigin bitki biinyesindeki farkli etkileri arasturilmaktadir

(Brazaityté vd. 2016).

Tarimsal aydinlatma, mulddisipliner olarak ele

alinmasi gereken bir konudur (Murad vd., 2021). Biyoloji,
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fizik, kimya, miihendislik ve ekonomi bilimleri a¢isindan
optimum bitkisel iiretimin yaninda en yiiksek karlilig
saglayacak kombinasyonlarin tespit edilebilmesi igin 1s18in
ozellikleri ile bitkilerin ihtiyaglarin bilinmesi ve dogru

sekilde yorumlanmasi gerekmektedir (Dutta Gupta 2017).

Tarimda; giines 15181 yeterli olmadiginda “ek aydinlatma”
kullanilmaktadir. Isik ihtiyacinin tamamini karsilamaya
yonelik “yapay aydinlatma” sistemleri bulunmaktadir.
Ayrica genellikle siis bitkileri yetistiriciliginde uygulama
alan1 olan ve bitki fizyolojisini manipiile etmeye yonelik
“fotoperiyodik aydinlatma”dan da yararlanilmakeadir.
Elde edilmek istenen tepkiye gore farkli tipte, glicte ve

spektrumda aydinlatma elemanlari kullanilmakeadir.

Bu calismada 1s1ga dair bazi 6zellikler agiklanarak yapay
ve ek aydinlatma armatiirlerinden bazilari; enerji verimi, 151k
etkinligi, spekeral kalite, gii¢, IP koruma sinifi, émiir gibi
parametreler bakimindan incelenmis ve 11810 planlamasi ve

kontroliine yonelik bilgiler verilmistir.

1. ISIK

Isik, elektromanyetik spektrum iginde insan goziiniin
algilayabildigi bélgeye (400 — 700 nm) verilen isimdir (CIE
2020) (Sekil 1).

< Frekans artar (v)

1924 1]022 1[020 1‘015 1I016 1[014 1912 1P10 1‘05 1’06 1[04 1‘02 1]00 v (HZ)

Gama isinlari | X-ray | Morpfesi IR MikrodalgeFM| — [AM Uzun radyo dalgalari

Radyo dalgalar
1 | | 1 | ol | [ | ‘ | | |
107'% 107 1072 107 107®:10° 107* 1072 10° 10* 10* 10° 10° A (m)
Dalga boyu artar (A) —
Gorundr 1sik tayfi
E v g 84 o gviof R q

Sekil 1. Elektromanyetik dalga spektrumu ve goriiniir stk

Bitkiler ise 1s1g1 insan goziinden farkli olarak
algilar. Insan goziiniin géremedigi mordtesi (UV) dalga
boylarindan kizilotesi (IR) dalga boylarina kadar olan bir
spektrum, bitkilerce absorbe edilmektedir (Hogewoning
vd. 2010) (Sekil 2).
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Sekil 2. Bitkiler tarafindan abzorbe edilen 1s1§1n spektrumu

1.1. Issgin Parametreleri

Bitkisel {iretim s6z konusu oldugunda birtakim temel
parametreler ve bu parametrelerin birimleri ile 6lgiitlerinin
bitki

onemlidir. Isiga dair parametreler, 151§ sahip oldugu

anlagilmast  ve isteklerine gdre diizenlenmesi
enerji bakimindan radyometrik yontemle, 151810 insan gozii
tarafindan algilanmasini konu edinen fotometrik yéntemle
ve 1s1gin icerdigi foton sayist bakimindan fotonmetrik
yontemle ol¢iilmektedir. Isigin siddeti, radyometrik ve
fotometrik acilardan literatiirde cokca incelenmistir. Ancak
bitki biinyesinde kimyasal reaksiyonlarin hizi ve mikrari,
bitki tarafindan sogurulan foton miktar ile dogrudan
iligkilidir. Bu nedenle bitkisel aydinlatma séz konusu
oldugunda fotonmetrik birimler ile 15181 tarif etmek daha
dogrudur. Isigin radyometrik, fotometrik ve fotonmetrik

agidan Ozelliklerine dair tanimlamalar asagida verilmigtir

(Tablo 1).

Tablo 1. Isigin radyometrik, fotometrik ve fotonmetrik

parametreleri (Fujiwara, 2016)

Radyometrik Radyant aki| Radyant enerji Parlaklik
(W) (W) (W m?)
Fotometrik  Isik akist | Istk miktar Aydinlik siddeti
(Im) (Im st) (Ix)
Fotonmetrik Foton akisi | Foton sayist Foton aki
(mol s?) (mol) yogunlugu
(mol m?s7)

—

ZIRAAT MUHENDISLIGI | Yil: 2024 | Say:: 379

ZIRAAT
9 'MUHENDISLIG!

PAR
Fotosentetik Aktif Radyasyon), isik spektrumu icinde

(Photosynthetically ~ Active  Radiation —
bitkiler tarafindan kullanilabilen bolgeyi tanimlamaktadir
(Goto 2016). Giinesten gelen 1s1gin yaklastk %42.9’u 400
— 700 nm arasindaki bolgededir (Korczynski vd. 2002)
ve bu bélgedeki 1s1gin ancak %50 kadari fotosentezde
kullanilabilmektedir (Boyle 2012).

Tablo 1'de verilen fotonmetrik parametreler bitkisel
agidan ele alindiginda PPF (Photosynthetic Photon Flux
— Fotosentetik Foton Akist) ve PPFD (Photosynthetic
Photon Flux Density — Fotosentetik Foton Aki Yogunlugu)
Bu PAR

spektrumu dahilinde 1s181n 6zelliklerini inceler. PPF (umol

kavramlar1 ortaya ¢ikmaktadir. kavramlar,
s1), 151k kaynagindan bir saniyede yayilan ve fotosentezde
kullanilabilen foton miktarini Avogadro say1st (6.022 x 10*)
cinsinden ifade ederken; PPFD (pmol m? s7), bir saniyede
bir metrekare yiizeye diisen ve fotosentezde kullanilabilen

foton miktarint Avogadro sayist (6.022 x 10%) cinsinden
ifade etmektedir (Sekil 3).

umol/s S

Fotosentetik Foton AKist: Bir saniyede ® ® ®
kaynaltan etrafa dogru miimkiin olan o
her yonde yayilan fotonlarin miktar, ® L I [ ]
e ® o0%
®

®
® e ® o

Fotosentetik Foton Aki Yogunlugu: Bir
saniyede 1 metrekare alana disen foton

miksn.. o ® ® ® ..

pmol/m?s -..:00.-..3.-.‘..:.
PPFD T ®eo o o

I

1 metre 1

Sekil 3. Fotosentetik foton aki yogunlugu

Bitkisel tiretimde PPFD degeri, fotosentez hizini
belirleyen en 6nemli faktorlerden biridir (Benedetti vd.
2018). Ancak tek bagina PPFD degeri ile verim tahmini
yapmak imkansizdir. Bir giin i¢inde 151k siddetinin nasil ve
hangi uzunlukta alindigt da 6nemli olmaktadir. Giin iginde
bitki yiizeyine diisen toplam fotosentetik foton miktarinin
Avogadro sayist cinsinden ifadesinde DLI (Daily Light
Integral — Giinliik Isik Integrali) kullanilmaktadir. Birimi
mol m? d" (fotonmetrik) veya W m? d!' (radyometrik) olsa

da siklikla mol m™ veya W m olarak kullanilmaktadir.




Giinliik itk integrali (DLI), dogal aydinlatma yapilan
tarimsal tretim alanlarinda siirekli olarak PPFD degerini
olen kuantum sensorii  yardimiyla olgiilerek  tespit
edilmektedir. Tamamen yapay aydinlatma yapilan tesislerde

ise DLI; anlik ol¢iilen PPFD degeri ile ginlik aydinlatma

Tablo 2. PPED, siire ve DLI cizelgesi

— = =
M
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stiresi carpilarak hesaplanmakrtadir. Ek aydinlatmakullanilan
tesislerde giin sonunda toplanamayan foton miktarinin
ihtiyag olan seviyeye tamamlanmasi amaglanmakreadir.
Olgiilen PPFD degeri ile DLI arasindaki hesaplamay:
kolaylagtiracak bir ¢izelge, asagida verilmistir (Tablo 2).

PPFD | 50 | 100 | 150 | 200 | 250 | 300 | 350

400 | 450 | 500 | 550 | 600 | 650 | 700 | 750 | 800

w
B

N [0 (NN [ &\ |V [(W N |-

34| 6.8 | 10.3 | 13.7 | 17.1 | 20.5 | 23.9

27.4 | 30.8 | 34.2 | 37.6 | 41.0

36| 72 |108| 144 | 18.0 | 21.6 | 25.2

28.8 | 32.4 | 36.0 | 39.6 | 43.2

3.8 | 7.6 | 11.3 | 15.1 | 189 | 22.7 | 26.5

30.2 | 34.0 | 37.8 | 41.6 | 45.4

40|79 | 119 | 15.8 | 19.8 | 23.8 | 27.7

31.7 | 35.6 | 39.6 | 43.6 | 47.5

4.1 | 83 | 12.4 | 16.6 | 20.7 | 24.8 | 29.0

33.1| 373 | 41.4 | 45.5 | 49.7

43| 86 | 13.0 | 17.3 | 21.6 | 25.9 | 30.2

34.6 | 38.9 | 43.2 | 47.5 | 51.8

Bitkilerin gereksinim duydugu ginlik 151k mikeari,
bitki tiiriine, ¢esidine ve biiylime evresine bagli olarak
degismektedir. Giinliik 151k integrali (DLI), dis kosullarda

genellikle ortalama 5 ila 60 mol m™ arasinda 6l¢iilmektedir.
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Seralarda ise kis ve ilkbahar aylarinda DLI genellikle 1 ila
10 mol m? seviyelerine kadar diismektedir (Oztekin ve
Tiire 2019). Tablo 3’te bazi bitki tiirlerinin DLI ihtiyaglar

verilmistir.

>



ZIRAAT
9 'MUHENDISLIG!

Tablo 3. Baz1 bitki tiirlerinin DLI istekleri (Runkle 2019)

Bitki tiirii DL Istegi | gt viri DLI Istegi
(mol m™) (mol m™)
Celikler — Erken Donem 4-6 Yapragi Yenenler ve Otlar >12
Celikler — Ge¢ Donem 6-10 Calilar >12
Fideler — Erken Dénem 6-10 Kesme Cigekler >15
Fideler — Ge¢ Donem 10— 15 Cilek 15-20
Yaprak Dokenler 6-10 Domates 22-30
Soganlilar 6-15 Patlican 22 -30
Saksili Cicek Acanlar >12 Hiyar 20 - 30
Golge Bitkileri 6-10 Biber 20-30
(Yillik ve Tki yillik) Bas Salata 14 - 16

Isigin, spektral kompozisyonundan bagimsiz olarak
renk sicakligs (kelvin — “K”) parametresi de bulunmakradr.
Tarimsal uygulamalarda 1s1gin gériinen renginden daha
cok spektral kompozisyonu 6énemli oldugundan kelvin,
stkca kullanilmayan ve kullanilmasi dogru olmayan bir
parametre olmakla birlikte, 6zellikle LED aydinlatma

elemanlarinda renk sicakligt degerinden de bahsedildigi

2200K
+-2700K
3000K
3200K
4000K
4200K

gorilmektedir. Sekil 4’te kelvin renk sicakligr cizelgesi
verilmistir. Ogle vakti giines 1s1ginin sicakligt 5000
K civarindadir. Kelvin degeri yiikseldik¢e 118in rengi
mavi tonlarina kayarken distitk¢e turuncu-kirmizi
tonlar1 vermeye baslamaktadir. Kelvin degeri ayni olsa

bile lambalar arasinda spektral kompozisyonda oldukea

biiyiik farkliliklar olabilmektedir.

8000K

<
el R~
& e F S <
& & & T &
<5 & F & > S
& s T (& & &
S & <€ < o
3 & & o~ &
< & & & &
S & = S
F P & &
<
#
&

Sekil 4. Kelvin renk sicaklig: ¢izelgesi

2. BITKISEL AYDINLATMA

Bitkisel tiretimde aydinlatma denildiginde ¢ tip
aydinlatma sistemi akla gelmektedir. Bunlar, seralarda
kullanilan ve giines 1s1ginin yeterli olmadigt durumlarda
(sonbahar — ilkbahar) devreye alinarak giinliik 151k
integralini tamamlamaya yarayan sistemler (ek aydinlatma),
1sik ihtiyacinin tamaminin yapay olarak saglandigi yapay
aydinlatma ve fotoperiyodik aydinlatmadir. Fotoperiyodik
aydinlatma; karanlik devrenin kirilmast ve bitkilerin giin

uzunlugu algisinin degistirilmesi i¢in uygulanan diisiik

H—
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yogunluklu (-2 pmol m? s') aydinlatma bi¢imidir.
Kisa giin bitkilerinde ¢i¢ceklenmenin tegvik edilmesi icin

kullanilmaktadir.
2.1. Aydinlatma Elemanlar1

Giintimiizde genel olarak kullanilan tarimsal aydinlatma

lambalari asagidaki sekilde siralanabilir:
e Floresan

*  Yiiksek yogunluklu desarj (HID)




¢ Yiiksek basin¢li civa (HPM)
* Yiiksek basingli sodyum (HPS)
* Metal-halide (MH)

e LED

Akkor filamanli lambalar, tarimsal aydinlatmada 6nceki
yillarda kullanilmis olsa da disiik enerji verimleri (%1 —
5), diisiik 151k etkinligi (<20 lm W) ve uygun olmayan
spektrumlart  sebebiyle glintimiizde tarimsal {iretimde
kullanilmamaktadir. Ayrica bu lambalarin iretimi, ithalat

ve satist yasaklanmaya baglamistir.
2.1.1. Floresan lambalar
buharli

desarj lambalaridir. Bir cam tiipiin igine argon ve civa

Floresan lambalar, disitk basingli  civa
buhart doldurularak her iki ucuna tungsten filamanlar
yerlestirilerek elde edilirler. ki filaman arasinda olusan
elektron gecisi, civa atomlart ile carpisarak UV g1k
tiretmektedir. Olusan UV 151k, tiipiin igine uygulanmig
fosfor katmani tarafindan sogurularak goriiliir spektrumda
151k tiretilmektedir. Fosfor katmaninin kalinligs ve bilesimi,
floresan lambanin spektrumunu belirlemektedir. Floresan
lambalar, tiip seklinde olabildikleri gibi ¢esitli sekillerde
biikiilerek “kompakt floresan” yapida da bulunmaktadir

(Sekil 5).

Sekil 5. Floresan lamba (solda), kompakt floresan
lamba (sagda)

bitkisel

kullanilmakta olan

Genis spektrumlariyla  floresan  lambalar,
ilk kullanilan ve hala
lambalardandir. Floresan lambalarin toplam enerji verimi
%30’un altindadir (Shur ve Zukauskas 2005). Isik etkinligi
50 — 100 Im W arasinda olmakla beraber spektrumunun
biiyiik bsliimii (-%90) PAR bolgesindedir. 5 Watt ile 125

iiretimde
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Watt arasinda cesitli giiclerde tretilen floresan lambalar
bulunmaktadir. Floresan lambalarin 6mrii 1000 ile 30 000
saat arasindadir (Dutta Gupta ve Agarwal 2017). Yapilan
bir ¢alismada floresan lambanin enerji verimi %27 olarak

tespit edilmistir (Tanushevski ve Rendevski 2016).

Floresan

doku

laboratuvarlari, seralar, fide tiretim tesisleri ve dikey tarim

lambalar;  giiniimiizde kiiletirii
sistemlerinde kullanilmaktadir. Siis bitkisi tireticiligi yapilan
seralarda fotoperiyodik aydinlatma amaciyla genellikle
yiksek giigli (75 — 105 W) kompakt floresan lambalar

tercih edilmektedir.

Floresan lambalar c¢alismak icin balasta ihtiya¢
duymakrtadirlar. Balastlar elektromanyetik olabilecegi gibi
gliniimiizde elektronik balastlar da bulunmaktadir. Floresan
lamba armatiirleri, tek floresan lamba ile balastindan
olusabilecegi gibi ayni giicteki floresan lambalarin yan
yana dizilmesiyle de elde edilebilmektedir. Birden fazla
floresan kullanildigr durumlarda ortak balast kullanimi s6z
konusu olabilmektedir. Bu durumda genel enerji verimi
artis gostermektedir. Bazi floresans lamba armatiirlerinde

koruma sinifi IP66’ya kadar ¢ikmakradir.

Kompakt floresan lambalar, elektronik balasta sahip
E27 standart lamba duyuna takilabilecek sekilde imal
edilmektedir. Bu sebeple daha kolay kurulum saglanirken

koruma sinifi da diismektedir.
2.1.2. Yiiksek yogunluklu desarj lambalar:

Cokyiiksek basing ve sicaklik altinda ¢alisan bu lambalar,
floresan lambalarla ayni prensiplere goére calismaktadir.
Ancak sicaklik daha yiiksek oldugu icin elektronlarin
enerji seviyesi, dolayisiyla 1sik verimi artmaktadir. HPM
(Yiksek basingli civa), HPS (Yiiksek basingli sodyum) ve
MH (Metal-halide) lambalar bu grupta yer almakrtadir.
Caligmak icin balasta ihtiya¢ duyan bu lambalar, genellikle
E40 lamba duyuna takilmaktadir. Dolayisiyla bir HID
lamba armatiirii; lamba, balast, atesleyici, armatiir kasasi ve

on koruma camindan (tercihen) olusmaktadir (Sekil 6).

—— >
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Sekil 6. HID lamba armatiirleri

HID lambalar, farkli koruma siniflarina haiz olabilirler.
Bitkisel aydinlatmada kullanilan HID lamba armatiirlerinin
balast ve elektronik komponentlerinin bulundugu kisim
IP65 koruma sinifina girerken; lamba kismi, spektrumun
bozulmamasi ve 1sinin dagilmasi amaciyla koruma camsiz
oldugundan IP23 koruma sinifina girmektedir. Dolayisiyla
bu armatiirlerin lamba kismi sudan ve sert cisimlerden
uzak tutulmast gerekmektedir. HID lambalarin gii¢
cikigt ayarlanabilmektedir ancak verimli degildir. HID
lambalar, i¢inde bulunan element buharlarina gore farkls

spektrumlarda 151k yayarlar ve farkli adlandirilirlar.
Yiiksek basingli ctva buharli (HPM) lambalar

HPM lambalar, floresan lambalara benzer spektrumda
151k yaymakrtadir. Isik etkinligi 60 Im W' civarinda olan
HPM lambalar, tarimsal kullanim amach 100 Watt ile
250 Watt arasinda cesitli giiclerde tretilmektedir ($ekil
7). Daha yiiksek giiclerde UV 151k yayan HPM lambalar
bulunmaktadir. Omrii 10 000 — 20 000 saat olan HPM
lambalarin  kullanimi, Avrupa Birligi tarafindan civa
icerdikleri i¢in ¢evreye verdikleri zarar gerekgesiyle 2015
yilinda yasaklanmistir (Tahkimé vd. 2016).

Yiiksek basingli sodyum buharli (HPS) lambalar

HPS lambalar, giiniimiizde seralarda ek aydinlatma

amaciyla en ¢ok kullanilan aydinlatma elemanlaridir

(Wollaeger 2016) (Sekil 8).

g—
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Sekil 7. HPM (yiiksek basingli civa) lamba

GOOW 1000W
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Sekil 8. HPS (yiiksek basingli sodyum) lamba

Yiiksek 1sik etkinligine (80 — 125 Im W) ve yiiksek
foton etkinligine (1.7 pmol s' W) sahip olan HPS
lambalar 35 Watt ile 1000 Watt arasinda cesitli giiclerde
iiretilmekredirler. Omiir beklentisi 10 000 ila 30 000
saat arasinda olan HPS lambalarin spektrumu, agirliklt
olarak sari-kirmiz1 bolgede (2200 K) yer almaktadir. HPS
lambalarin enerji verimi %37 seviyesindedir (Rofaie vd.
2022). Bu spektrum gigeklenmeye yardimet olsa da genel
tiretim icin tek basina yeterli degildir. Gerekli durumlarda
LED aydinlatmalarla birlikte hibrit uygulamalarla spektral
dagilim diizeltilmeye caligilmaktadir. Ayrica son yillarda
hareketli

armatiirlerinde de HPS lambalar kullanimaktadir. Bu

reflektori olan fotoperiyodik aydinlatma
sekilde lambadan ¢ikan 1s1igin bitkiler tizerinde siirekli
olarak dolastirilmastyla bitkilerin giin uzunlugunu farkl
algilamasi saglanirken daha biiyiik alanda daha disiik giiclii

armatiir kullanmak miimkiin olmaktadir.

HPS lambalar da diger HID lambalar gibi ¢alismak
icin bir balasta ihtiya¢ duyarlar. Daha 6nce HPM lamba
kullanan tesislerde balast ve armatiir degisimi olmaksizin
HPS lambalarin kullanilabilmesi icin 6zel amag¢li HPS
lambalar da gelistirilmistir. Bu lambalar dogrudan HPM
lamba balast ve atesleyicisi ile kullanilabilmektedir. Bu
sayede ozellikle sehir aydinlatmasinda kullanilan HPM
HPS’e  déniistiiriilmesi

lambalarin  disik  maliyetle

saglanmustir.




Metal halide (MH) lambalar

MH lambalar ise HPM lambalarin igine civaya ek
olarak cesitli metallerin ve inert gazlarin eklenmesiyle ortaya
¢tkmig lambalardir (Sekil 9). Eklenen bu bilegsenlerden her
biri farkl1 bir dalga boyunda 1sinim yaratmaktadir. Sodyum,
indiyum, talyum, disprosyum gibi metaller ile farkl

spektrumlar elde edilebilmektedir (Simpson 2013).

MH lambalarin spektral dagilimi daha diizgiin olarak
ve arzu edilen sekilde iiretilebilmektedir. 100 — 120 Im W*!
gibi yiiksek bir 151k etkinligine ve yaklagik %25 verime sahip
MH lambalar, tarimsal tiretimde kullanilmaya elveriglidir
(Dutta Gupta ve Agarwal 2017). Omiir beklentisi 6000 —
15 000 saat arasindadir.

2.1.3. LED lambalar

LED (Light Emitting Diode — Isik Yayan Diyot)
lambalar, yariiletken bir diyot tizerinden akim akitilmasi
sirasinda elektronlarin yiiksek enerjili orbitallerden daha
diisiik enerjili orbitallere gecisi sirasinda 1tk yaymast esasina
dayanan lambalardir (Iveland vd., 2014). Ilk LED lamba
1962 yilinda iiretilmistir ve kirmizi renkrtedir. Ozellikle
1990’lardan sonra LED teknolojisi gelismistir (Krames
2016). Farkli yariiletken malzemeler kullanilarak farkls
renklerde iretilebilen LED lambalar, yapilan ¢aligmalarla
giin gectikee daha yiiksek 151k etkinligi ve daha yiiksek foton

verimine ulagmaktadir (Dutta Gupta ve Agarwal 2017).

LED lambalar, bacakli (dual in-line package — DIP),
ylzey montajli (surface mount device — SMD) veya
paketlenmis dizili (chip on-board — COB) yapilarda
bulunabilmektedir (Sekil 10).

(%)

¥

Sekil 9. MH (metal halide) lamba
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Sekil 10. LED lambalar (a. DIR, b. SMD, ¢. COB)

COB LED’lerin tarimsal aydinlatmada kullanim
alant sinirlidir. Bu lambalar, birden fazla (genelde 9 veya
daha fazla) LED yariiletkeninin ayni substrat {izerine
yerlestirilmesiyle olusturulmus aydinlatma modiilleridir
(Pohl vd. 2020). Tek tek LED vyerlestirmeye gore kolay
olsa da belirli bir standardi yoktur. Biiytikliikleri firmadan
firmaya farklilik gostermekeedir. Bu LED lambalarin termal

direnci yiikseketir.

Tarimsal aydinlatmada SMD montajli FC (flip chip
— ters yonga) orta ve yiiksek giicli LED lambalar tercih
edilmektedir. FC teknolojisinde LED lambanin anot ve
katodu sogutucu katmanin alunda yer almakta ve bu
sayede termal diren¢ disiiriilmektedir (Tan vd. 2008).
LED lambalarin verimi ve omrii, yariiletken malzemenin
sicakligina baglidir. Sicaklik arttik¢a verimlilik ve kullanim
omriiazalmaktadir. LED lambalarin 1sik etkinligi fotometrik
olarak 150 — 300 Im W, fotonmetrik olarak 1.7 — 2.8
pmol s W' seviyesindedir. LED armatiirlerin enerji verimi
ise stirticti, LED cipi, koruma cami gibi tiim etmenlerin
verimi kullanilarak %67 olarak hesaplanmaktadir (Kusuma
vd. 2020).

LED armatiirler, LED lambalarin bir PCB (printed
circuit board — baskili devre kart1) iizerine uygun voltaj ve
akima gore paralel ve seri olacak sekilde dizilmesiyle elde
edilmektedirler. Bu dizilmis LED siralari, bir aliiminyum
sasi icine koyularak 6n tarafi cam veya plastik malzeme ile
kapatlarak uygun akimda (genellikle 350 — 700 — 1400
mA) bir sabit akim LED siiriiciisii ile siiriilmektedir (Sekil
11). LED siiriictisti armatiiriin i¢inde veya harici bir iinite

olarak bulunabilmektedir.

—— i
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LED siiriiciisiiniin armatiir disinda olmasi armatiir
sicakliginin daha disiik olmasini saglar ancak siiriicii ile ;N
armatiir arasinda dogrusal akim kablolamasi gerekmektedir. —~ s
Dogrusal akim kablolamas: alternatif akim kablolamasina
gore oldukea pahalidir. Son yillarda piyasaya ¢ikan Griinler
Sekil 11. LED armatiir
ile LED siiriiciiler tek bir {inite olarak sera veya bitki
fabrikasinin digina yerlestirilerek armatiirlerin termal yiikii

sistemin disinda birakilmaya baslanmistir (Celidonio vd. LED armatiirlerde uygun spektrumda aydinlatma

2014). LED armatiirlerin koruma sinifi IP 68’¢ kadar elde etmek icin cesitli spektrum ve dalga boylarinda (grow
light, full spectrum, 4000 K, 6500 K, 660 nm, 730 nm,

440 nm, vb.) LED lambalar tek bagina veya bir arada

kullanilabilmektedir. Bu sayede vejetatif gelisme, generatif

ctkabilmektedir. Bu koruma sinifinda armatiir igine
herhangi bir toz veya su (en az 1 metre derinlige kadar)

girmeyecegi garanti edilmektedir. . o B .
gelisme gibi amacina uygun armatiirler tasarlanabilmekte

ve tiretilebilmekrtedir (Sekil 12).

Rolatr Spactrom
Rotative Spocinum
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Sekil 12. LED armatiirlerle olusturulabilecek gesitli spektrum ornekleri

Giiniimiizde ayni armatiir icinde hem vejetatif hem bir tanesi c¢alisurilabilmektedir. Ayni zamanda LED
generatif gelismeye uygun LED dizilimleri bir arada lambalarin isik siddeti, izerinden gecen akim disiiriilerek
bulunabilmektedir (Sekil 13). Bu dizilimlerden istenen kisilabilmektedir.

Sekil 13. Dual spektrum bitki lambasi

LED lambalarin 6émrii optimum sartlarda 25 000 %50’sine diistiigii L50 noktasina ulagiimaktadir. Iyi bir
— 100 000 saat arasinda olmakla birlikte L70 denen ve armatiir verimi igin armatiirler L70 noktasina ulastiginda
1sik etkinliginin %70’ine diistigli nokta yaklasik 50 000 degistirilmelidir. Bu siire, armatiiriin tasarimi ve ortam

saat civarindadir. 100 000 saat sonunda isik etkinliginin  sicakligina gore degiskenlik gosterebilmektedir.
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3. AYDINLATMANIN PLANLANMASI

Tamamen yapay aydinlatma yapilan bitki iiretilen
tesislerinde (bitki fabrikasi) aydinlatmanin acik oldugu
saatler ile kapali oldugu saatlerin iyi bir sekilde ayarlanmas:
gerekmekeedir. Yapragi yenen sebzeler icin genellikle 16
saatlik aydinlatma uzunlugu tavsiye edilmektedir. Bu
stireyi elektrik birim fiyatinin daha ucuz ve dis sicakligin
daha disiik oldugu gece saatlerine denk getirmek
maliyetleri diisiirmek agisindan faydali olmaktadir. Bazi
bitki fabrikalarinda ise termal yiikiin dagitilmasi agisindan
aydinlatma sistemleri birbiri ile sirali olarak yakilmakeadir
(Kozai ve Niu 2016). Ek aydinlatma sistemleri ise giines
1s1gin1n yetersiz oldugu giinlerde giin boyunca yakilabilecegi
gibi giinesin batisini takiben de yakilabilir. Ancak bu saatler
elektrik fiyaunin en yiiksek oldugu “puant” saatlere denk
geleceginden ek aydinlatmanin giines dogmadan once
yapilmasi da distinilebilir. Aydinlatma armatiirleri elle
devreye alinabilecegi gibi bir otomasyon sistemi tarafindan
zamana bagli veya o giin i¢inde ulagilan DLI degerine bagli
olarak ¢alistirilabilmektedir. Kisilip acilabilen (dimlenebilir)
armatiirlerde adaptif aydinlatma kontrolii ile giin icinde
arzu edilen PPFD degerini siirekli koruyacak sekilde
programlama yapilabilmektedir. Yiirtitiilen bir aragtirmada
aydinlatma elemanlarinin giinesten gelen PPFD degerine
gore parlakligi degistirilmis ve siirekli yanan armatiirlere
gore ve %20 ile %92 arasinda enerji tasarrufu saglandig

tespit edilmistir (Van Iersel ve Gianino 2017) (Sekil 14).
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Sekil 14. Adaptif aydinlatma kontrolii

4. TARTISMA

Bu calismada incelenen her bir yapay aydinlatma
teknik

degerlendirildiginde, tarimsal aydinlatma uygulamalar

armatiiriiniin ozellikleri ~ ve  avantajlani
icin en uygun seceneklerin belirlenmesi miimkiindiir. HID
lambalar, geleneksel bir segenek olarak kullanilmaktadir.
Isik etkinligi ve enerji verimliligi agisindan orta seviyede
performans gosterirler. Ancak, 6mrii diger segeneklere gore
daha kisa ve spektrumlari sinirlidir. Bu nedenle, giiniimiizde
tercih  edilmemektedir.  Yapilan  caligmalarda  cesitli
LED armatiirleri ile HPS armatiirleri karsilastirilmis ve
harcadiklari birim enerji bagina tirettikleri birim fotosentetik
foton bakimindan bir fark olmadig: bildirilmistir (Nelson

ve Bugbee 2014; Wallace ve Both 2016).

Floresan lambalar, diisiik maliyetli ve kolay bulunabilir
olmalar1 nedeniyle yaygin olarak kullanilmaktadir. Ancak,
151k etkinligi ve enerji verimliligi agisindan HID lambalarina

kiyasla daha diisiiktiirler. Ayrica, 6mrii de diger seceneklere
gore daha kisadir.

LEDlambalar, modern tarimsalaydinlatmauygulamalari
icin en uygun segenektir. Yiiksek 151k etkinligi ve enerji
verimliligi ile 6ne ¢ikarlar. Ayrica, uzun omiirlidirler ve
genis bir spektral gesitlilik sunarlar. Giig titketimi agisindan
da diger segencklere gore daha distikeiirler.

Bu c¢alismada incelenen armatiirler arasinda bir
karsilagtirma, Tablo 4’te verilmistir.

Tablo 4. Cesitli aydinlatma elemanlarinin kargilagtirmast

HID
Floresan HPM HPS MH LED
Isik Etkinligi (Im W) 50— 100 60 80 — 125 100 — 120 150 — 300
Enerji Verimi %27 %40 %37 %25 %67
Omiir 1000 — 30 000 10 000 — 20 000 10 000 — 30 000 | 6000 — 15 000 25000 — 100 000
Spektrum Az cesitli Sabit Sabit Sabit Cok cesitli
Olcii (uzunluk) 15 — 244 cm 15—-61 cm 5 — sinirsiz cm
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Giic 4-125W 50 — 1000 W [ 35-1000w | 35-2000W 5200 W
Koruma Sinifi P66 1P23 1P68
Kirmizi .. . T
Avantajlart Kolay‘ . Uygun fiyat s Giin 1s1g1na benzer Spektrum s?ge.flekl.erl., diisiik
bulunabilir spektrum enerji titketimi
spektrum
. Diisiik verim, - e o - , .
Dezavantajlari sinurls spekerum Diisiik 1s1k etkinligi, ytiksek giic tiiketimi, sinirlt spektrum, kisa omiir|  Yiiksek baglangic maliyeti
SONUC of domestication towards sustainable biofactories.

Bitki yetigtirmek i¢in 1s1gin tamaminin yapay olarak
karsilandigi veya giines is1igina ek olarak aydinlatma yapilmasi
fikri,
Akkor flamanli, floresan ve HID lambalar uzun yillardir

ampuliin  bulunusundan beri siiregelmektedir.
seralarda kullaniliyor olsa da kisa 6miirleri ve yiiksek enerji
titketimleri sebebiyle ekonomik olmamaktadir. Teknolojik
gelismelerle birlikte &zellikle LED aydinlatma sistemleri
gittikce daha verimli hale gelmektedir. LED’lerin diisiik
enerji titketimleri, spekeral kaliteleri, uzun omiirleri ve
kontrol edilmeye elverisli oluslart sebebiyle kapali ve acik
tiretim tesislerinde kullanim i¢in oldukea elverisli oldugu

goriilmekeedir.

Diger taraftan, yapay ve ek aydinlatma sistemleri, bitki
fabrikalarinda en yiiksek, seralarda ise gorece yiiksek ilk
yatirim ve igletme maliyetlerine sebep olmaktadir. Dikkatli
bir planlama, armatiir se¢imi, yerlesim ve kontrol araciligiyla
maliyetler disiiriiliirken verim artgt saglanabilmektedir.
Yapay veya ek aydinlatma kullanildiginda elde edilecek ek
trtin ile harcanacak elekerik enerjisi arasinda hesaplama

yaparak tiim planlamalar yapilmalidir.
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fluid dynamics model for agricultural UAV dynamic structure
analysis is studied. The research compares high-performance
evaluation outcomes for structurally strong and stiff materials.
In analysis and design, both parameters bring unique obstacles.
The study optimized design perception for selected material
variations to design a wing. Many agricultural UAV airfoils are
aerodynamically efficient. Thus, the focus is on optimal material
formation based on stress and displacement for each wing airfoil.
This study examined the airfoil design results of 500 mm long,
200, 250, and 300 mm wide polystyrene, PVC, and soft wood
material airfoils. It is found that the NACA 4412 airfoil with a
200 mm width in PVC material has the maximum static pressure
on the X axis (1.141e + 06 dynes) according to airflow direction.
Also, it is determined that the NACA 2410 airfoil with a 250
mm width in PVC has the lowest static pressure (2.3104e + 05
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Ozet

Malzeme biliminin yiiksek yapisal saglamligi ve
agirtigin azalulmasi, tarimsal insansiz hava araglarinda
cok sayida malzemenin kullanilmasina yol agmistr. Bu
nedenle arastirmada tarimsal [HA dinamik yapi analizi
icin akigkanlar dinamigi modeli ¢aligtlmistir. Bu arastirma,
yapisal olarak giiclii ve sert malzemeler icin yiiksek
performansli degerlendirme sonuglarini kargilagtirmakeadir.
Analiz ve tasarim, her iki parametre de benzersiz engeller
getirmektedir. Calisma, kanat tasarlamak icin segilen
malzeme gesitlerine gbre tasarim algisint  optimize
etmektedir. Bircok tarimsal IHA kanat profili aerodinamik
olarak verimlidir. Bu nedenle, her bir kanat kesiti igin
gerilme ve yer degistirmeye dayali olarak optimum
malzeme formuna odaklanilmaktadir. Bu calismada 500
mm uzunlugunda, 200, 250 ve 300 mm genigliginde
polistiren, PVC ve yumusak ahsap kanat profillerinin kesit
tasarim sonugclar1 incelenmisti. PVC malzemeden 200
mm geniglige sahip NACA 4412 kanat profilinin, hava
akis yoniine gore X ekseni tizerinde (1.141e + 06 dyne)
maksimum  statik basinca sahip oldugu bulunmustur.
Ayrica PVClden yapilmig 250 mm geniglige sahip NACA
2410 kanat profili en diisiik statik basinca (2.3104e + 05

dyne) sahip oldugu belirlenmistir.
Anahtar Kelimeler: Akilli tarim, Tarimsal THA,

Aerodinamik tasarim, Malzeme analizi, Dayaniklilik.

Introduction

Unmanned Aerial Vehicle (UAV) is the name given
to aircraft that do not have a pilot on them in general
(Devi & Avvari, 2022). The operator uses aerodynamic
forces to lift the vehicle (Luo et al., 2022). The UAV can
fly autonomously or be remotely controlled. The use of
UAVs in agriculture is considered a wide application in the
agricultural fields. With many failures and few successful
designs in this field, people’s knowledge of UAVs has
been formed and continues to develop (El Adawy et al.,
2023). Unmanned aerial vehicles for agricultural purposes
in this context have proven their capabilities and have

demonstrated their success in many fields by improving
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their skills with various applications for a long time and

performing ever-changing tasks.

UAVs used in the agricultural field offer a special set
of advantages such as smaller, safer, and lighter platforms.
In addition, it is expected that UAVs in the future
will perform much longer missions and exhibit higher
aerodynamic performance, and higher degrees of automatic
flight capabilities. Among the agricultural UAVs, which
have very different design features, fixed-wing unmanned
aerial vehicles exhibit flight characteristics such as high
speed, long-range, and durability in various agricultural
applications with a decrease in aerodynamic performance.
A fixed-wing type will be preferred if durability is the
priority in UAVs for agricultural purposes. The reason for
this idea is flight efliciency, as can be clearly understood.
An initial design step is essential for selecting a suitable
airfoil for an agricultural UAV. The primary objective of
this aerodynamic design is to choose an optimal propulsion
system. This system should aim to minimize air resistance
and generate ample lift, ensuring simple and efficient
flight dynamics (Cetinsoy et al., 2012). The most critical
factors in selecting an airfoil for UAVs are flight speed and
take-off distance. To guarantee optimal performance, it
is essential to conduct thorough testing of airfoils against

these parameters.

In this computer-aided research application, Autodesk
Inventor (used within the scope of Autodesk education
license) models of fixed-wing UAV airfoils of agricultural
unmanned aerial vehicles were examined and Autodesk
CFD (used within the scope of Autodesk education
license), performance analyses of wings with different
airfoil characteristics and materials, as well as evaluations in

terms of durability were carried out.

Materials and Methods
Material

The conceptual design step compares UAV designs to
find the most efficient structure. El Adawy et al. (2023)
studied the design and production of a fixed-wing unmanned

aerial vehicle and noted that software may select airfoils.

g



Due to its focus on commercial agricultural UAVs, this
study chose wing widths accordingly. Therefore, agricultural
UAV airfoils were selected as NACA2410, NACA 4412,
and NACA 23012. Because of their ubiquitous use in UAV
building, polystyrene, PVC, and wood were evaluated.

Modern materials science has led to the widespread use
of diverse materials in agricultural UAV design because of
their high structural rigidity and weight reduction (Basri
et al., 2019). Wood is ideal for agricultural drones due to
its high axial compressive and tensile strength, strength-to-
weight ratio, ease of usage, building, and repair. The wood’s
inhomogeneity, anisotropy, and moisture reactivity can
offset biological drawbacks. Thus, synthetics have replaced
wood (Lukowsky & Gohla, 2022). Polystyrene and PVC
were also considered airfoil materials due to their extensive
use. Airfoils are important structural components for
agricultural UAVs (Figure 1). That is, the finite element
approach of numerical solutions exposed to evaluations
can forecast physical states under external effects in the
structure of the wing design of unmanned aerial vehicles
for agricultural use (Mehta & Joshi, 2016).

(2)

s
(b)

R ———

()
Figure 1. NACA 2410 (a), NACA 4412 (b), NACA
23012 (c) airfoils

Method

This research focuses on developing a viable UAV design
approach. A thorough assessment of the design approach

and process has three parts. The UAV design strategy

| f  e—
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involves conceptual, preliminary, and detailed phases. The
conceptual design provides a distinct design from basic
thoughts. It clarifies the path and whether to move to
preliminary design, which involves a reliable assessment of
performance, prognosis, and market capability, including
cost. Preliminary design identifies weaknesses and proposes
elegant solutions to build a flying prototype. The detailed
design phase transforms the preliminary design into a
tangible design. In this way, it is possible to create a design
that can be manufactured and flown (Diindar et al., 2020).
Kaya et al., (2018) reviewed geometric and aerodynamic
elements that can be made calculations by considering
the size and surface areas of the wings. While sizing,
designing, and analyzing studies of agricultural unmanned
aerial vehicles that are carried out, commercial agricultural
unmanned aerial vehicle samples produced primarily in the
world are examined. For this purpose, a UAV wing is to be
dimensioned geometrically, first; the models of unmanned
aerial vehicles that are currently sold have been examined
and their wing length has been accepted as 500 mm and
their wing widths as 200, 250, and 300 mm.

So, Figure 2 shows an Autodesk Inventor wing section
design. This professional 3D CAD application has advanced
mechanical design, documentation, and product simulation
capabilities. Autodesk Inventor is used in engineering,
design, manufacturing, and machine and mechanical part
design for 3D modeling, prototyping, and product design.
Modeling the wings used design knowledge from similar
UAV systems. The Excel document from the Airfoil tools
website for the provided dimension values was used to
determine the geometric points of the models, which were
assembled in Autodesk Inventor. Based on wing length,

modeling was done for simulation.

After that, to calculate the surface pressure and shear
values depending on the wing material in different axes,
which are critical performance parameters, the wing sizing
and properties based on the surface structure were analyzed
with Autodesk CFD (Computational Fluid Dynamics),
and the results were explained and interpreted in the results
section. Computational fluid dynamics analysis software
Autodesk CFD predicts liquid and gas performance under
specified conditions. Using Autodesk CFD for analysis




increases efficiency. In CFD, problems and fluid behavior
are solved and analyzed on the computer with numerical
methods and algorithms, so the results of this analysis
method in the research on the airfoil of a UAV that can
be used for agriculture are crucial for pre-manufacturing

development processes.

(a) =

(2) Vac-Velocity - cmis
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(b)
Figure 2. Design (a) and airflow direction (b) example
of NACA2410 wing cross-section

Results and Discussion

In this study on the optimum material formation based
on stress and displacement for each wing section, the cross-
sectional design results on the edge of NACA2410, NACA
4412, and NACA 23012 airfoils with widths of 200, 250,
and 300 mm, made of polystyrene, PVC, and soft wood,
are shown in Figures 3—-11 and Tables 1-9. The NACA
4412 airfoil with a 200 mm width in PVC material has the
maximum static pressure on the X axis (1.141e + 06 dynes)
according to airflow direction. The NACA 2410 airfoil
with a 250 mm width in PVC has the lowest static pressure
(2.3104e + 05 dynes).

Different airfoil sizes have been studied in the literature.

In their work on the design and construction of a four-
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slope wing UAV, Cetinsoy et al. (2012) examined the
relationship between UAV airfoil and speed. After extensive
simulations, they found that the 25 cm wide NACA 2410
airfoil for 40 km/h airspeed is ideal for production. Again,
El Adawy et al. (2023) evaluated the NACA 4412 airfoil
for an empty weight of 15.43 Ibs, a wingspan of 70.1
inches, and a maximum speed of 78 ft/s in the design
and manufacture of a fixed-wing unmanned aerial vehicle
and chose it as the best final profile. In their design and
performance investigation of the fixed-wing battery VTOL
UAV. Diindar et al. (2020) found that the NACA 63-512
airfoil distributed surface pressure better than the other

airfoil types which they analyzed.

Figure 3. NACA 2410 — 200 mm polystyrene (top
left), PVC (top right), wood (soft) (bottom) material static

pressure results

———— >
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Table 1. NACA 2410 — 200 mm wing static pressure

Table 2. NACA 2410 — 250 mm wing static pressure

results results
Material Direction Shear (Dynes) Press (Dynes) Material Direction Shear (Dynes) Press (Dynes)

Polystyrene X 8.1845e+05 4.9912e+05 Polystyrene X 1.0463e+06 6.7413e+05

Polystyrene Y 968.35 34823 Polystyrene Y 184.53 -34227

Polystyrene Z -6392 57791 Polystyrene Z -897.57 -1694.7
PVC X 8.333¢+05 7.3465¢+05 PVC X 2.9844e+05 2.3104e+05
PVC Y 1041 15420 PVC Y 134.45 3090.8
PVC 7 -11053 70423 PVC Z -1083.6 2588.4

Wood (Soft) X 8.2203e+05 4.9917e+05 Wood (Soft) X 1.0141e+06 7.8849¢+05

Wood (Soft) % 420.46 222466 Wood (Soft) Y -569.91 737.57

Wood (Soft) z -8910.1 95000 Wood (Soft) z 3519.4 38947

. -

Figure 4. NACA 2410 — 250 mm polystyrene (top
left), PVC (top right), wood (soft) (bottom) material static

pressure results pressure results
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Figure 5. NACA 2410 — 300 mm polystyrene (top
left), PVC (top right), wood (soft) (bottom) material static




Table 3. NACA 2410 — 300 mm wing static pressure
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Table 4. NACA 4412 — 200 mm wing static pressure

results results
Material Direction Shear Press (Dynes) Material Direction Shear Press (Dynes)
(Dynes) (Dynes)

Polystyrene X 1.235¢+06 1.0817e+06 Polystyrene X 8.0748e+05 5.9777e+05

Polystyrene Y 516.82 -23423 Polystyrene Y 2023.1 -21170

Polystyrene 4 8313.3 -56504 Polystyrene 4 -5060.9 37447
PVC X 1.1992e+06 7.7691e+05 PVC X 7.4796e+05 1.141e+06
PVC Y 2043.3 15378 PvVC Y 3400.6 57646
PVC Z 2432 43595 PVC Z -8494.7 51928
Wood X 1.2375e+06 6.6674e+05 Wood X 8.4165e+05 6.0371e+05
(Soft) (Soft)
Wood Y 355.47 -1053.3 Wood Y 715.3 -27739
(Soft) (Soft)
Wood Z -3680.1 12770 Wood Z -2864.3 8987.5
(Soft)

Figure 6. NACA 4412 — 200 mm polystyrene (top
left), PVC (top right), wood (soft) (bottom) material static

Figure 7. NACA 4412 — 250 mm polystyrene (top
left), PVC (top right), wood (soft) (bottom) material static

pressure results pressure results

ZIRAAT MUHENDISLIGI | Yil: 2024 | Say:: 379

— i :



ZiRAAI
@ 'MUHENDISLIG

Table 5. NACA 4412 — 250 mm wing static pressure

Table 6. NACA 4412 — 300 mm wing static pressure

results results
Material Direction Shear Press (Dynes) Material Direction Shear Press (Dynes)
(Dynes) (Dynes)

Polystyrene X 1.0441e+06 8.5364¢+05 Polystyrene X 1.1479¢+06 1.1221e+06

Polystyrene Y 4551.2 -30796 Polystyrene Y 4764.3 13682

Polystyrene Z 3717 27917 Polystyrene Z -2073.5 -33382
PVC X 1.0444e+06 1.0459e+06 PVC X 1.1479e+06 1.1221e+06
PVC Y 3655.2 8546.9 PVC Y 4764.4 13682
PVC Z 14918 -54919 PvVC Z -2073.5 -33382
Wood X 1.0357e+06 7.1792e+05 Wood X 1.2625e+06 1.1214e+06
(Soft) (Soft)
Wood Y 3809.9 -14452 Wood Y 2232.9 -40913
(Soft) (Soft)
Wood Z 1722.9 -21919 Wood Z 6638.4 -38681
(Soft)

Figure 8. NACA 4412 — 300 mm polystyrene (top
left), PVC (top right), wood (soft) (bottom) material static

pressure results

: —

Figure 9. NACA 23012 — 200 mm polystyrene (top

pressure results
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Table 7. NACA 23012 — 200 mm wing static pressure
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Table 8. NACA 23012 — 250 mm wing static pressure

results
Material Direction Shear Press (Dynes)
(Dynes)
Polystyrene X 8.0772e+05 3.7842¢+05
Polystyrene Y 6451.7 49361
Polystyrene Z -3202.1 1829.9
PVC X 8.4436e+05 7.7763e+05
PVC Y 4529.8 14814
PvVC Z -848.48 30194
Wood X 8.6565¢+05 1.1401e+06
(Soft)
Wood Y 6251 73020
(Soft)
Wood Z -77.053 11539
(Soft)

results
Material Direction Shear Press
(Dynes) (Dynes)

Polystyrene X 1.0597e+06 1.0802e+06

Polystyrene Y 5321.9 14220

Polystyrene z 916.9 724.5
PVC X 1.0597e+06 1.0802e+06
PvC Y 5321.9 14220
PVC 4 916.88 724.96

Wood (Soft) X 1.0765e+06 1.1139e+06

Wood (Soft) Y 7586.1 28065

Wood (Soft) zZ 12334 -34362

(5) Statc Pressure - dynelem2
26787

(5) Static Pressure - dynelem2
168465

Figure 11. NACA 23012 — 300 mm polystyrene (top

Figure 10. NACA 23012 — 250 mm polystyrene (top
left), PVC (top right), wood (soft) (bottom) material static left), PVC (top right), wood (soft) (bottom) material static

pressure results pressure results
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Table 9. NACA 23012 — 300 mm wing static pressure

results

Material Direction Shear Press (Dynes)
(Dynes)

Polystyrene X 1.311e+06 1.9075e+06

Polystyrene Y 8060.6 62809

Polystyrene 4 -8049.5 49167
PVC X 1.2903e+06 1.4514e+06
PVC Y 7920.2 -15093
PVC Z 9843.3 44364
Wood X 1.2789¢+06 1.2098e+06
(Soft)
Wood Y 5751.1 -26483
(Soft)
Wood Z 12544 -1.1602e+05
(Soft)
Conclusions

The research optimizes the aerodynamic design
of a horizontal-flying UAV using CAD models. Such
innovations are usually tested through simulations and
flying tests before mass production. Only simulations were
done in this study, not flying test verifications, but future

research may include flight test controls.
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Stress Analysis of Modern Leaf Springs Made by
Different Materials for New Agricultural Trolleys

Yeni Tarim Arabalari i¢in Farkli Malzemelerden Yapilan Modern Yaprak Yaylarin Gerilme

Analizi

Abstract

Tractors can be used in a variety of agricultural operations
that require towing. All these transportation tasks are now
carried out in mechanized enterprises using trolleys attached to
the back of the tractor. In practice, transport conditions vary
significantly depending on the product. Because of this reason,
nowadays the design properties of tractor trolleys with different
capacities change with technological advances in material
science and carrying requirements, as well as weight carry needs
in agricultural applications. Today, computer-aided design has
become an integral part of computer-aided engineering and has
made it possible to evaluate many materials before production
with the finite element analysis methodology. Because of this
reason, the focus of this technical research was on the new leaf
spring properties based on steel, steel alloy, and carbon steel
materials manufactured using modern methods. One of the main
uses of tractors in agriculture is pulling. In practice, pulling not
only agricultural machines but also various types of agricultural
trolleys that are indispensable for agricultural enterprises is an
important area of use. Conditions such as carrying weight in
agricultural trolleys vary depending on the purpose of use and
their designs are also different. For this reason, determining the
properties of new leaf springs based on steel, steel alloy, and
carbon steel materials produced using modern methods and

more suitable for today’s agricultural conditions and heavy-
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weight trolleys is the focus of this study. According to the
results obtained from steel, steel alloy, and carbon steel
materials for 20- and 40-tons carrying capacities, it is
found that the maximum Von Mises stress is 5868.48 MPa
under 200000 N load for carbon steel material, also the
maximum displacement is 15.4907 mm under 200000 N
load for carbon steel material and maximum safety factor
under 15 ul 200000 N load for all materials. Additionally,
under 100000 N, the order of carbon steel and steel
alloy displacement values are different from the regular
behaviour of the materials order. Computer-aided design
and analysis revealed modern leaf springs based on the
increase in the carrying weight requirements of agricultural
carrying applications. So, based on the results carbon steel
material is the last material to be evaluated among all
evaluated materials for the modern leaf springs production

for agricultural trolleys.

Keywords: Leaf springs, tractor trolleys, modern steel

materials, CAD, computer aided analysis

Ozet

Trakeorler, ¢eki gerektiren gesitli tarimsal islemlerde
kullanilabilmektedir. Tiim bu tasima igleri artik mekanize

takilan
kullanilarak = gerceklestirilmektedir. Uygulamada tasima

isletmelerde,  traktoriin  arkasina arabalar
kosullar1 iiriine bagl olarak 6nemli 6lgiide degisiklik
gostermektedir. Bu nedenle giiniimiizde farkli tagima
kapasiteli tarim arabalarinin tasarim 6zellikleri, malzeme
bilimindeki teknolojik gelismeler, tagima gereksinimleri
ve tarimsal uygulamalardaki agirlik tasima ihtiyaglar: ile
degismektedir. Guniimiizde bilgisayar destekli tasarim,
bilgisayar destekli miihendisligin ayrilmaz bir pargast
haline gelmis ve sonlu elemanlar analiz metodolojisi ile
bircok malzemenin iiretim oncesinde degerlendirilmesine
olanak saglamistir. Bu nedenle, bu teknik aragtirmanin
odak noktasi, modern yontemler kullanilarak iiretilen gelik,
celik alagimi ve karbon celigi malzemelerine dayali yeni
yaprak yay ozellikleridir. Tarimda traktorlerin ana kullanim
alanlarindan biri ¢ekme isidir. Uygulamada sadece tarim
makinelerinin degil, tarim isletmelerinin vazgecilmezi olan
cesitli tiplerdeki tarim arabalarinin da ¢ekilmesi onemli

bir kullanim alanidir. Tarim arabalarinda agirlik tasima

—
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gibi kosullar kullanim amacina gore degismekle birlikte
tasarimlari da farklilik géstermektedir. Bu nedenle modern
yontemlerle {iretilen ve giiniimiiz tarim kosullarina daha
uygun olan 20 — 40-ton tagima kapasiteleri icin ¢elik, ¢elik
alagim1 ve karbon ¢eligi malzemelerden tiretilen yeni yaprak
yaylarin ve agir yiik arabalarinin 6zelliklerinin belirlenmesi
bu calismanin odak noktasini olusturmakeadir. Celik,
celik alasimi ve karbon ¢eligi malzemelerden elde edilen
sonuglara gore karbon celigi malzeme i¢in maksimum Von
Mises geriliminin 200000 N yiik alunda 5868,48 MPa
oldugu, karbon celigi malzeme i¢in ise maksimum yer
degistirmenin 200000 N yiik altinda 15,4907 mm oldugu
bulunmugtur. Tim malzemeler i¢cin karbon malzeme ve
200000 N yiik altinda maksimum giivenlik fakeorii 15
ul olarak bulunmustur. Ek olarak, 100000 N’un altinda
karbon celigi ve elik alagiminin yer degistirme degerlerinin,
malzeme swrasinin normal davranigindan farkli oldugu
goriilebilir. Bilgisayar destekli tasarim ve analiz, tarimsal
tasima uygulamalarinin tasima agirhigr gereksinimlerinin
artmasina bagli olarak modern yaprak yaylari ortaya
ctkmistir. Dolayistyla, tarim arabalart icin modern yaprak
yay tretimi icin degerlendirilen tiim malzemeler arasinda
karbon geligi malzemenin degerlendirilecek son malzeme

oldugu sonucuna varilmustr.

Anahtar Kelimeler: Yaprak yaylar, tarim arabas,

modern malzemeler, CAD, bilgisayar destekli analiz

Introduction

Transportation is moving material from one location to
another without altering the original structure. In the past,
man would either do the heavy lifting or rely on animals to
transport their food, water, shelter materials, and fuel over
long distances. Changes in human society directly result
from the era’s prolific creativity and discovery. Meanwhile,
many researchers have worked on the increasingly pressing
issue of transportation, leading to the creation and
widespread use of transport vehicles that can be towed both

by their motor and by motor vehicles (Kadayifcilar, 1993).

Both the theory and practice of transportation in the
agricultural sector differ significantly from their counterparts

in the business world. For this reason, studying agricultural




transportation and the vehicles used for it is both important
and necessary. The agriculture sector requires a great deal
of time for the transportation of products from the field
to the operating center, the market, the mill, the bringing
of fuel oil to the operating center, the transportation of
fertilizer to the field, transportation of animals, animal
products, and feed, transportation of workers to the field,
etc. These transportation tasks are now easy by tractors with
trolleys attached to the back. These trolleys are double-duty
vehicles, transporting tools and machinery for agriculture
in both directions within the business. Tractors with trolleys
attached have thus become an increasingly important
part of modern farming. The need for tractors and other
tillage, cultivation, and transportation machinery is rising
as agricultural yields improve in developing nations. The
demand for tractor trolleys and simple loaders rises in
tandem with the increasing efficiency of the transportation

market.

Most agricultural products transported by trolleys are
perishable and contain water. Tractor trolleys and crates
range in size, construction, and design because agricultural
products have widely varying densities. These products that
require transportation can be categorized into six broad

categories.

1. Cereals, flour, bulgur, and other mill products;

animal feeds, etc.

2. Veggies, fruits, sugar beet pulp, and other plant-

based foods, roots, and tubers.
3. Grass hay, other fibers, and other green fodder.

4. Compost, chemical fertilizers, pesticides, soil
amendments (like lime), and fossil fuels are all examples of

four (wood, and ember products).
5. Liquids (milk, wine, water, fuel, urine, etc.)

6. Products and components are not covered by the

first five categories (Kadayifcilar, 1993).

Based on material properties carried on the tractor
trolleys, design parameters and properties of each part
are important for tractor-trolley production. Because of
this reason, a lot of researchers and engineers focused on

the leaf spring design and analysis, so they share a lot of
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valuable research in the literature. For example, Krishan
and Aggarwal (2012) worked on a finite element approach
for the analysis of a multi-leaf spring using Computer-
Aided Engineering (CAE) tools. They claimed that
computer-aided engineering tools are being used to assess
the durability and functionality of parts and assemblies.
They also imply that engineering boundary value problems
can be approximatively solved using a computing method

called finite element analysis (FEA).

Leaf springs for vehicles were analyzed and compared
using E-glass/epoxy and steel 65Si7 in a study by Shakti
(2017). He seems to be suggesting that a comparison
of composite and steel leaf springs in terms of load
capacity, weight, and stiffness effectiveness is in the works.
Furthermore, he emphasized stresses and deflections as
design imperatives, as well as the measurements of a modern

ordinary steel leaf spring of a light business vehicle.

The leaf spring is used in tractor-trailers without
much technical and economic consideration, as pointed
out by Dhoshi et al. (2011). They stress that there are
opportunities to increase product quality while keeping
costs low in the current work environment. They also imply
that the design process is a key area for maximizing product
quality while minimizing expenses. Additionally, they stress
that it is possible to design a product so that it outperforms
competitors’ offerings at a lower cost to the consumer. The
design strategy is decided upon in light of mass production,
while the material and manufacturing process are chosen in

light of cost and strength considerations.

In recent years, with increasing competition and
developing technology, heavyvehiclesused for transportation
in the agricultural industry have aimed to absorb more
loads in many sub-parts under the chassis. The fact that
the unit part weight of the conventional type of leaf springs
in the wheel suspension system of heavy vehicles is higher
than that of parabolic leaf springs has led to an increase
in the production of parabolic leaf springs. Transportation
conditions vary widely from one product to the next. For
this reason, tractor trolleys’ parts design properties evolve
alongside advances in materials science and the evolving

demands of agricultural transport. Therefore, this study
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focuses on determining attributes of recently developed
leaf springs made of cutting-edge materials. With the aid of
computer-aided design and analysis, an increase in the load

requirements of agricultural applications was also detected.

Material and Method
Material

The French word ‘Remorque’ and the German word
‘Traktorrolle’ are both translations of, ‘tractor trolleys’
whichareused here (Figure 1). When itcomes to providing
transportation services for agricultural businesses, the
tractor-trolley is a vehicle whose maximum speed and
driving style are restricted by Turkish laws (Kadayifcilar,
1993). Therefore, a wheeled vehicle capable of traveling
between 20 and 40 km h™' that is towed by an agricultural
tractor and used in the transportation of products and
other materials produced in agricultural enterprises
or to be transported to the enterprise, as well as the
transportation of people for agricultural enterprises
(Anonymous, 2024).

There are two types of tractor trolleys: those designed
for general use, and those designed for a specific task.
Small farms can save money by using multipurpose
tractor trolleys. More than one tractor-trolley may be
needed for larger operations. Still, the financial case
favors using both vehicles for general transportation
even in this scenario within the realm of private and
specialized conditions.

Figure 1. Tractor trolley (Anonymous, 2023a)

_—

ZIRAAT MUHENDISLIGI

ZiRAAl'
@ 'MUHENDISLIG

Method

General tractor-trolley parts construction and

related features

It is preferable, when transporting via tractor trolley,
to move as much usable goods as possible while keeping
the trolley weight to a minimum. This possibility has been
brought to a very satisfying level thanks to the use of high-
quality materials in the construction of tractor trolleys on
the one hand, the improvement of construction methods,
and the introduction of new trolley types on the other.
For a long time, intrinsic weight and useful load were
roughly equivalent. But as the trolley’s carrying capacity
grows, the ratio of transportation costs to acquisition costs
reaches a more reasonable level. Agricultural transport
productivity also rises alongside increases in trolley capacity
and the pulling power of tractors. The use of heavy-
duty tractor trolleys, however, is fraught with challenges
in daily operations. Therefore, maximum-capacity 40-
ton trolleys are preferred in both construction and use
nowadays. Because of all these factors, the tractor-trolley
is an all-encompassing subject in terms of its construction,

operation, and environmental factors.

Tractor-trolley design features are important for the
benefit of tractor-trolley manufacturers the reduction
of wasteful materials, and the actualization of export
opportunities. As was previously mentioned, trailers must
already comply with standards confirmed by long experience
in the manufacturing process to ensure safe transportation.
This problem’s salient features are summed up as follows: In
general, the trolley and all its components must be sturdy

enough to support the heaviest load possible.

Tirkiye for the agricultural trolley production
quality focuses on some regulations like European Union
parliament regulation for agricultural or forestry tractors,
their trailers No. 2003/37/EC, TS 3414 Water tankers used
in agriculture (Anonymous, 2023b; EU, 2003). Therefore,
it is helpful to standardize the material and its dimensions
for use in trolley construction. Because of this reason, a
well-designed suspension system will keep you at a pleasant
pace, make it easier to make sharp turns, boost passenger

comfort, and lessen tire wear on tractors’ trolleys.

| Yil: 2024 | Sayu: 379




Characteristics of Tractor Trolleys

Together, a tractor and its accompanying trolley
provide the most efficient and flexible service possible with
capacities ranging from under 0.75 tonnes up to 40 tonnes.
The combination of a tractor and a trolley is considered
a transport within modern agricultural mechanization
practices and provides advantages in many contexts. As can
be seen, then, leaf springs serve a variety of purposes on

various tractor trolleys.
Design of the leaf spring

Flat springs, or leaf springs, are made from flat metal
plates (Figure 2). The two primary configurations of leaf
springs are: The first multi-leaf and second mono-leaf
springs’ primary function is to absorb shocks, but they
also must deal with other loads, such as those caused by
bumps in the road, braking, driving, etc. As opposed to
the mono-leaf spring, which consists of a single steel plate,
the multi-leaf spring is constructed from a stack of steel
plates of varying lengths. The spring compresses to dampen
vibrations caused by bumps in the road. The suspension
movement is made possible by the leaf springs’ ability to

flex and slide against one another (Ravindra et al., 2014).

Pivot and shackle
mounting

Curvature
Camber

¥

Length

Figure 2. Semi-elliptic leaf spring components (Gaylo
etal., 2020)

Steel leaf springs made from steel, steel alloy, and carbon
steel material are produced by a wide variety of businesses,
and they find widespread application in the creation of both
parabolic leaf springs and conventional multi-leaf springs.
By deflecting, the leaf spring stores the potential energy
caused by vertical vibrations, shocks, and bumps (caused
by road irregularities) and gradually releases it. Suspension
comfort is guaranteed by a system that can absorb and store

a lot of strain energy (Ravindra et al., 2014).
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The design can be broken down into three broad classes:
(I) constant thickness and width; (II) constant thickness
and varying width; and (III) varying width and varying
thickness (Kueh and Faris, 2012). An essential design
consideration for a leaf spring is that its flexural rigidity
should increase from the spring’s ends toward its middle.
These include designs with a constant cross-section, a
constant width with a variable thickness, and a constant
thickness with a fixed width. For ease of mass production
and to permit continuous reinforcing of fibers, a constant
cross-section design has been chosen. The original three-
leaf steel spring on a tractor trolley inspired the design of
this leaf spring. Leaf springs consist of a series of leaves.
The length of the leaves varies. The leaves are usually given
an initial curvature or are cambered so that they tend to
flatten under load. The longest leaf has eyes at the ends.
These leaves are called the main leaves, and the other leaves
are called graduated leaves. All blades are connected using
steel straps. The length of the longest blade used in the
study is 1072 mm. The length of the other leaves is 890 and
668 mm respectively. The size of the lower flap used at the
bottom of the spring is 100x60 mm. Steel rebound clamps
of 72x30 mm are designed to connect the leaf springs. The
thickness of all parts used is planned as 8 mm. Properties
of materials used in leaf spring design can be seen in Table
1. The leaf spring designs were modelled and analyzed
in Autodesk Inventor Pro with Nastran In-CAD (under

educational license).

Table 1. Properties of materials used in leaf spring

design
Young’s Poi 's Densi (o
Material Modulus R:tilssons er;)suy 8
(GPa) o cm
Steel 210.000 0.30 7.850
Steel Alloy 205.000 0.30 7.730
Carbon Steel  200.000 0.29 7.850
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The specifications are assumed to be the same as those

for a steel leaf spring. The design parameters used as, W =
100000 N, and 200000 N is the design load (Figure 3).
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Table 2. Von Mises stress, displacement, and safety

factor result summary of steel material under 100000 N

T = load
Name Minimum Maximum
= Volume 1510790 mm?
Figure 3. Leaf spring model with load for computer- |Mass 11.8597 kg
aided stress analysis Von Mises Stress 0.537622 MPa 2930.89 MPa

Lst Principal Stress -442.677 MPa 1048.93 MPa
3rd Principal Stress -3288.06 MPa 110.341 MPa

Results and Discussion Displacement 0 mm 7.3669 mm
Safety Factor 0.070627 ul 15 ul

The results of the Von Mises stress, displacement, and
safety factor results of steel, steel alloy, and carbon steel
materials under 100000 N, and 200000 N loads can be
seen in Figure 4-9. Also, the results summaries are presented

in Table 2-8.

P sy
Figure 4. Von Mises stress, displacement, safety factor Figure 5. Von Mises stress, displacement, safety factor
results of steel material under 100000 N load results of steel material under 200000 N load
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Table 3. Von Mises stress, displacement, and safety Table 4. Von Mises stress, displacement, and safety

factor result summary of steel material under 200000 N factor result summary of steel alloy material under 100000

load N load

Name Minimum Maximum Name Minimum Maximum
Volume 1510790 mm* Volume 1510790 mm®

Mass 11.8597 kg Mass 11.6784 kg

Von Mises Stress 1.06523 MPa 5861.25 MPa Von Mises Stress 0.542132 MPa 2930.9 MPa
Ist Principal Stress -885.415 MPa 2097.99 MPa Lst Principal Stress -442.662 MPa 1048.93 MPa
3rd Principal Suess  |-6575.86 MPa 220.679 MPa 3rd Principal Stress  [-3288.11 MPa  [110.336 MPa
Displacement 0 mm 14.7338 mm Displacement 0 mm 7.54665 mm
Safety Factor 0.0353167 ul 15 ul Safety Factor 0.085298 ul 15 ul

Podes 11655

nt: mm
11.04.2023, 003511
7,547 Max

e L.
Figure 6. Von Mises stress, displacement, safety factor Figure 7. Von Mises stress, displacement, safety factor
results of steel alloy material under 100000 N load results of steel alloy material under 200000 N load
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Table 5. Von Mises stress, displacement, and safety

factor result summary of steel alloy material under 200000

N load

Name Minimum Maximum
Volume 1510790 mm?

Mass 11.6784 kg

Von Mises Stress 1.08421 MPa 5861.8 MPa
1st Principal Stress -885.325 MPa 2097.87 MPa
3rd Principal Stress -6576.22 MPa 220.672 MPa
Displacement 0 mm 15.0933 mm
Safety Factor 0.042649 ul 15 ul

Figure 8. Von Mises stress, displacement, safety factor

results of carbon steel material under 100000 N load

S —
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Table 6. Von Mises stress, displacement, and safety

factor result summary of carbon steel material under

100000 N load

Name Minimum Maximum
Volume 1510790 mm?

Mass 11.8597 kg

Von Mises Stress 0.392285 MPa 2945.15 MPa
Ist Principal Stress -410.984 MPa 1080.52 MPa
3rd Principal Stress -3278.8 MPa 105.68 MPa
Displacement 0 mm 7.44764 mm
Safety Factor 0.118839 ul 15 ul

Nodes: 11655

Elernents 539

Type: Von Mses Swess

nt: vPa

11042023, 02:10:38
5958 M
5380
4031
4402
Ee)

15 M

Figure 9. Von Mises stress, displacement, safety factor

results of carbon steel material under 200000 N load
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Table 7. Von Mises stress displacement and safety factor

result summary of carbon steel material under 200000 N

load

Name Minimum Maximum
Volume 1510790 mm’

Mass 11.8597 kg

Von Mises Stress 1.05208 MPa 5868.48 MPa
Lst Principal Stress -818.745 MPa 2094.67 MPa
3rd Principal Stress -6520.81 MPa 218.561 MPa
Displacement 0 mm 15.4907 mm
Safety Factor 0.0596407 ul 15 ul

According to the results of steel, steel alloy, and carbon
steel materials, it is found that the maximum Von Mises
stress is 5868.48 MPa under 200000 N load for carbon
steel material, also maximum displacement 15.4907
mm under 200000 N load for carbon steel material and
maximum safety factor under 15 ul with200000 N load for
all materials. Additionally, it can be seen that under 100000
N the order of carbon steel and steel alloy is different from

the regular behaviour of the materials order table (Table 8).

Table 8. Von Mises stress and displacement result

summary of all materials under all load

Von

Mises Load Displacement | Load
Material Material

Stress N) (mm) (N)

(MPa)

2930,89 100000 | Steel 7.3669 100000 | Steel
Steel Carbon

2930.90 100000 7.54665 100000
Alloy Steel
Carbon

2945.15 | 100000 Seeel 7.44764 100000 | Steel Alloy
tee

5861.25 |200000 | Steel 14.7338 200000 | Steel
Steel

5861.80 [200000 | 15.0933 200000 | Steel Alloy
Alloy
Carbon Carbon

5868.48 |200000 15.4907 200000
Steel Steel

In some related literature important results are presented
about this issue, for example, Dhoshi et al. (2011), findings
highlight the need for both macro and micro-level analysis.
They used ANSYS 11.0 software to perform Finite Element
Analysis (FEM), and their research highlights the value of
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stress analysis. Bringing the total number of leaf springs
down from 17 to 13 will save about 6 kg of weight and nearly
20% of the manufacturing cost. This study emphasizes the
importance of FEM for businesses of all sizes, as it can help

cut costs and boost precision.

Shokrieh et al. (2003) compared the composite leaf
spring optimized by the FEM with the steel leaf spring
and emphasized that they obtained lower stresses in the
composite leaf spring. Mouleeswaran et al. described
the static and fatigue analysis of steel leaf springs and
composite multi-leaf springs composed of glass fiber-
reinforced polymer using life data analysis (Kumar and
Vijayarangan, 2007). Strzt and Paszek (1992) carried out
a three-dimensional contact analysis of a car leaf spring in
their research. In the research, they tried to determine the
static three-dimensional contact problem of the leaf spring
by the FEM. As a result of the research, the maximum
displacement of the spring was selected as the reliability

criterion.

Krishan and Aggarwal (2012) used FEM and CAE
tools to design and analyze the stress and deflection of a
multi-leaf spring (i.e. CATIA, ANSYS). Results from the
FEA and experiments show that the leaf spring deflects by
0.632% at full load and by the same amount at half load,
respectively, proving the accuracy of the model and analysis.
The bending stress is also very close to the experimental
results in both cases. Maximum equivalent stresses are less
than the material’s yield stress, so the design is safe from

failure.

One advantage of this study is that it sheds light on
the efforts made by the agricultural manufacturing sector to
strengthen and lighten their products. Also, leaf springs are
built to dampen vertical vibrations caused by potholes and
other road hazards. Additionally, they are much lighter leaf
springs. Because of the modern material’s internal damping,
vibration energy is absorbed more effectively within the
material, reducing the amount of noise transmitted to

nearby structures.
Conclusion

Transportation ~ mechanization is  significantly

impacted by the scale of the business. The tractor and

g



trolley combination is used by small and medium-sized
businesses, while large businesses typically use either a
larger combination. The growing prevalence of mechanized
farming transportation has broad justification in the
field of agricultural mechanization. Because it enhances
productivity, increases output, and decreases expenses.
Mechanized transportation can be made even more effective

with optimum transportation processes.

For the benefit of future agricultural trolleys, this
research aims to provide a stress analysis of contemporary
leaf springs manufactured from various materials based
on CAD, CAE, and FEM. As a result, the characteristics
of state-of-the-art leaf springs were the primary focus of
this research, it showed that using CAD, CAE, and FEM
evaluations gave us very valuable information about

designed models and material behaviours.
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Tane Iriliklerine Gére Siniflandirilmis Bugday
Cesitlerine Ait Baz1 Kalite Parametrelerinin Glutopeak
Cihaziyla Degerlendirilmesi

Evaluation of Some Quality Parameters of Wheat Varieties Classified by Grain Size with
GlutoPeak Device

Ozet

Bu caligmada 2021-2022 yetistirme doneminde Bahri
Dagdas Uluslararast Tarimsal Aragtirma Enstitiisit Konya Merkez
lokasyonunda sulu kogullarda yetistirilen, tane iriligine gore
siniflandirilmis 25 adet bugday ¢esidinin bazi fiziksel, kimyasal
ve reolojik &zellikleri incelenmistir. Denemede ortalama bin
tane agirhigr 36.24 g, Zeleny sedimantasyon degeri 38.32 ml,
protein orant %12.29, sertlik (SKCS) %51.17, Glutopeak
parametrelerinden PMT 75.72 sn, BEM 47.85 GPU, AM 25.17
GPU, PM 35.44 GPU ve AGR.E degeri 1205.03 GPU olmustur.
Selcuklu ¢esidi Zeleny sedimantasyon degeri agisindan her 3
irilik grubunda da en yiiksek degerleri elde ederken zayif gluten
yapisindaki Aliaga cesidi ise en diisitk Zeleny sedimantasyon
degerine sahip olmustur. Bayindir cesidi giiclii gluten ozelligi
gostererek yiiksek BEM degeri elde ederken yumusak grupta yer
alan Savatra gesidi de diisitk BEM degeri elde etmistir. Ozellikler
arasindaki korelasyonlar incelendiginde PMT degeri bin tane
agirligy, sertlik, BEM, PM ve AGR.E degeri ile negatif 6nemli
korelasyon gostermistir. Her irilik grubu ayr1 ayr1 ve tiim cesitler
genel olarak degerlendirildiginde; sertlik ile protein ve Zeleny
sedimantasyon degeri arasinda; Zeleny sedimantasyon degeri ile
BEM ve PM degerleri arasinda; BEM degeri ile sertlik, AM, PM
ve AGR.E degerleri arasinda; PM degeri ile sertlik ve AGR.E
degeri arasinda; AGR.E degeri ile protein, sertlik ve AM degerleri
arasinda pozitif 6nemli korelasyonlar tespit edilmistir.

Anahtar Kelimeler: Elek analizi, Korelasyon, Protein,

Reoloji, Zeleny sedimantasyon
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Abstract

In this study, some physical, chemical and rheological
properties of 25 wheat varieties classified according to
grain size grown under irrigated conditions in the Konya
central location of Bahri Dagdas International Agricultural
Research Institute during the 2021-2022 growing period
were investigated. In the experiment, the average thousand
grain weight was 36.24 g, Zeleny sedimentation value was
38.32 ml, protein ratio was 12.29%, hardness (SKCS) was
51.17%, Glutopic parameters were PMT 75.72 sec., BEM
47.85 GPU, AM 25.17 GPU, PM 35.44 GPU and AGR.E
value was 1205.03 GPU. Selguklu variety obtained the
highest score in terms of Zeleny sedimentation value in each
size group, while Aliaga variety with weak gluten structure
had the lowest value. While Bayindir variety showed strong
gluten characteristics and obtained high BEM value,
Savatra variety, which is in the soft group, obtained low
BEM value. When the correlations between the traits
were analyzed, PMT value was negatively correlated with
thousand grain weight, hardness, BEM, PM and AGR.E
values. When each size group was evaluated individually
and all varieties collectively; positive correlations were found
between hardness and protein and Zeleny sedimentation
value; between Zeleny sedimentation value and BEM and
PM values; between BEM value and hardness, AM, PM
and AGR.E values; between PM value and hardness and
AGR.E value; between AGR.E value and protein, hardness
and AM values.

Keywords: Correlation, Grain size, Protein, Rheology,
Sieve analysis, Zeleny sedimentation

Girig

Bugday, diinya niifusunun beslenmesindeki temel
gidalardan biri olarak bilinmektedir. Bazi kalite kriterleri
goz onitinde bulunduruldugunda ekmek, kek, biskiivi,
gofret gibi iriinlere islemede kullanilan en onemli
hammaddelerden biri bugday unudur. Hamurun gaz
tutma kapasitesi, islenmesi ve yogurulmas: gibi 6zellikler
son triine iglenebilirligi de etkilemektedir. Gluten miktar
ve kalitesi bakimindan yiiksek cesitlerin unlari ekmek ve
makarna yapiminda tercih edilirken, biskiivi yapiminda
daha disiik kalitede zayif yapili bugday unlart talep
edilmektedir. Bugday kalitesini etkileyen unsurlar tek bir

E—
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faktore bagli olmaksizin genetik, farkli yetistirme teknikleri
ve iklim ozellikleri gibi bircok faktérden etkilenen genis bir
yelpazeye sahiptir. Tanenin fiziksel kalite kriterleri arasinda
tane rengi, camsiligl, agirligl, tane boyutu ve sertligi yer
alirken, kimyasal kalite kriterleri arasinda ise protein ve
gluten igerigi ile SDS sedimentasyon degeri vb. yer alir
(Gaines vd., 1996). Bugdaydaki énemli bir kalite kriteri ise
tane iriligidir. Bugday tanesinin iriligi, dolgunlugu, cilizligt
ile un verimi hakkinda fikir veren bin tane agirligi, tanenin
cimlenme ve ¢ikis hizi gibi parametrelerini dogrudan
etkilemektedir (Elgiin vd., 2012; Akinct vd., 2008;
Aydogan vd., 2014) Elek analiziyle bugdayda tane boyutu
belirlenebilmektedir. Farkli boyutlardaki eleklerden gegen
bugday taneleri yiizde olarak hesaplanir. Tane iriligi, verim
fizyolojisi bakimindan, verimi artiran énemli unsurlardan
biri olarak kabul edilmektedir. Tane dolum déneminde
tanelerin tam dolumu ¢esitlerin kalite performanslarini
etkiler. Hem disiik tane agirhigina sahip cesitler hem de
yiiksek tane agirligina sahip cesitler tane dolum déneminde
cevresel faktorlerin de etkisiyle burusuk taneli olurlarsa,
taneler tam dolmadan olgunlagsmaya ge¢cmeleri halinde un
kalitelerinde diisiis gozlenebilmektedir ($ahin vd., 2013).

Tane iriligi tizerine yapilan ¢alismalarda farkli sonuglar
elde edilmistir. Chastain ve Wysocki (1995), biiyiik
tohumlarin daha hizli ¢ikis yapugini ve ¢ikis oraninin kiigiik
tohumlara gore daha yiiksek oldugunu bildirirken, Lafond
ve Baker (1986), yazlik bugdaylarda ¢imlenmenin; iri
tohumlara nazaran kiigiik tohumlarda daha hizli oldugunu,
iri tohumlarin da fide agirhiginin kiigiik tohumlara oranla
daha yiiksek oldugunu belirtmistir. Main ve Nafziger
(1994) ise; iri taneli tohumlarin 6zellikle kuraklik olmak
tizere cevresel stres sartlarinda daha ¢ok avantaj sagladigini

bildirmistir.

analiz
reolojik  6zellikler hakkinda fikir veren

farinograf, ekstensograf, alveograf ve Glutopeak analizleri

Kimyasal yontemlerinden  sedimantasyon

degeri ile

gluten kalitesini belirlemede kullanilmaktadir. Reolojik
ozelliklerin tespitinde genellikle ¢cok miktarda numuneye
ve uzun siireye ihtiyag¢ vardir. Kisa siirede diisitk miktarda
un miktar ile ¢aligma imkani saglayan Glutopeak cihazi
son zamanlarda un sanayisinde ilgi gérmektedir. Cihazin
calisma prensibi, belirli oranlardaki un ve su karisimina

uygulanan yiiksek karigurma kuvveti (0-3000 d/d arasi)




ile bu kuvvete karsi olusan direncin ve siiresinin dlciilmesi
ilkesine dayanmaktadir (Celiker, 2019). Dénen bir 8l¢iim
paletiyle iiretilen enerji siispansiyona girer ve tork elde
edilir. Enerjinin girisi, numunedeki glutenin bir araya
toplanmasint saglar. Olgiim siiresince numune miktari,
coziicii, sicaklik ve palet donme hizi sabittir. Sabit hizda
calisan cihazin analiz siiresi 1-10 dakika arasindadir. Test

bittikten sonra, yazilim sonuglari otomatik olarak analiz
eder (Anonim, 2023).

farkls elde
edilmektedir. Bunlardan bazilar;; BEM (maksimum tork);

Glutopeak  cihazindan parametreler
PMT (maksimum torka ulagincaya kadar gegen siire); AM
(maksimum torktan 15 s énceki tork), PM (maksimum
torktan 15 sn sonraki tork), maksimum torktan 15 sn énceki
tork ve maksimum torktan 15 s sonraki tork arasinda kalan
diyagram alani olarak ifade edilen AGR.E (agregasyon
(Giigbilmez vd.,2019; Sahin vd.,

2020). Bu ¢aligmada tane iriliklerine gore siniflandirilmug

enerji) degerleridir

bugday cesitlerinin bazi fiziksel, kimyasal ve reolojik
kalite 6zelliklerinin Glutopeak cihaziyla degerlendirilmesi

amaglanmuistir.
1. Materyal ve Metot
1.1. Deneme materyali

Denemede kullanilan bugday 6rnekleri Bahri Dagdas
Uluslararast Tarimsal Arasurma Enstitiisii Konya-Merkez
lokasyonunda sulu kosullarda 2021-2022 sezonunda
yetistirilmistir. Deneme tesadiif bloklari deneme desenine
gore 3 tekerriirlii olarak yiirtitiilmistiir. Sulu kosullarda
metrekareye (450 adet m™) tohum ekilmis, ekimle birlikte
12 kg da’ saf N ve 7 kg da’ saf P O, ile giibreleme
yapilmistir. Yetistirme ddneminde Merkez lokasyonda yagis
miktar1 271 mm olarak kaydedilmistir. Sulama sapa kalkma
(70 mm) ve ciceklenme (70 mm) dénemlerinde olmak

tizere iki kez yapilmisur.
1.2. Metot

Arasurmada  kullanilan 25 adet tescilli ekmeklik
bugday cesidi elek cihazinda (Sortimat-Pfeuffer, GmbH.)
tane boyutlarina gore 3 farkli elek araligi (2.2, 2.5, 2.8 mm)
kullanilarak siniflandirlmisur (Uludz, 1965). Yapilacak
olan analizlerde kullanilmak {izere tam bugday unu 6400
rpm’ de 0.5 mm elek kullanilarak Perten 3100 kirma

degirmeninden (Perten Instrument, Isveg) elde edilmistir.
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Rafine bugday unu eldesi i¢in bugday ornekleri %14.5
rutubet esasina gore tavlanarak Brabender Junnior (880101,
Brabender Ohg Duisburg, Almanya) degirmende AACC
26-95 metoduna gore Ogitilmiistir (Anonim, 2000).
Bin tane agirhigr Williams vd. (1988)’ na gére Contador/
Pfeuffer marka cihazla hesaplanmigtir. Tane protein orani
AACC (39-11) ve tane sertligi SKCS (Single Kernel
Characterization System) NIRS (Near Infrared Reflektance
Spektroskopi) cihazi (FOSS 2500F, Danimarka) ile (AACC
55-31), Zeleny sedimantasyon degeri ise AACC 56-61A’ya
gore belirlenmigtir  (Anonim, 2000). Glutopeak testi
Brabender marka cihazla (803400, Brabender GmbH&Co
KG, Duisburg, Almanya) yapilmistr. Glutopeak cihazinda
tam bugday unu ve rafine unun kullanildig; iki farkli metotla
analiz yapilabilmektedir. Bu calismada Glutopeak analizleri
Chandi&Seetharaman (2012)’ da belirtilen yonteme gore
yapilmustir. Cihazin karigtirma kabina 8.5 g tam bugday unu
ve lizerine 9.5 g, 0.5 M CaCl, eklenmis, analiz 34 °C sabit
sicaklikta ve 1900 rpm sabit karistirma hizinda 3 dakikada
tamamlanmistr. Yapilan 6l¢timler cihazin yazilim programi

(GlutopeakR version 2.2.0) tarafindan kaydedilmistir.
1.3. Istatistik

Denemedeki genotiplerin kalite analizleri 2 tekerriirli
olarak yapilmustir. Istatistiki analizler Jump 11 (2014)
programinda her irilik grubu kendi icerisinde ayri ayr
ve birlesik analiz seklinde, iki tekerriirlii olarak tesadiif
bloklar1 deneme deseni dizayninda varyans analizine tabi
tutulmugtur. Ortalamalarin kargilagtirilmast AOF (asgari
onemli fark) Student’s Test yontemine goére yapilmus,
ozellikler arast korelasyonlar incelenmistir (Steel ve Torrie,

1980; Yurtsever, 1984).
2. Bulgular ve Tartisma

Denemede kullanilan bugday cesitlerine ait varyans
analiz tablosu Tablo 1de belirtilmistir. Calismada
bin tane agirligi, zeleny sedimantasyon, sertlik,
BEM, PMT, AM, PM ve agregasyon enerji degeri
bakimindan bugday cesitleri, tane iriligi ve gesitxtane
iriligi interaksiyonu arasindaki fark istatistik olarak
p<0.01 diizeyinde 6nemli, tekerriirler arasindaki fark
onemsiz bulunmustur. Protein oranlari bakimindan
bugday c¢esitleri ile tane irilikleri arasindaki fark
istatistiki olarak p<0.01 diizeyinde 6nemli bulunurken
cesitxtane iriligi ve tekerriirler arasindaki fark onemsiz
bulunmugtur.

g
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Tablo 1. Varyans analiz tablosu

Tane iriligi Cesit Tekerriir Cesitxirilik Hata
Sd 2 24 1 48

BNTA 803.24** 257.36** 2.48 234.81** 53.05
ZLNS 139.06** 3414.18** 15.17 138.02** 111.51

PRT 3.46** 31.78** 0.003 13.84 25.08

SERT 189.03** 2898.58** 21.94 276.63** 222.3
BEM 418.97** 245.77** 18.02 160.02** 123.97
PMT 1370.12** 3471.90** 0.42 1636.21** 209.57
AM 116.65** 195.49** 18.02 143.34** 132.97
PM 133.24** 1270.29** 6.82 406.42** 164.17
AGR.E 24.42%* 13.49** 0.11 3.42%* 32616.4

**:p<0.01;* p < 0.05, BNTA:Bin tane agurligi, ZLNS:Zeleny sedimantasyon, PRT:Protein, SERT:Sertlik, PMT: Maksimum pik zamani, BEM:
maksimum tork, AM: Maksimum torktan 15 saniye dnceki tork, PM: Maksimum torktan 15 saniye sonraki tork, AGR.E: Agregasyon enerji
degeri.

Tane iriliklerine gére siniflandirilmis 25 adet ekmeklik  elek iizerinde kalan tanelerin bin tane agirligr incelendiginde
bugday cesidine ait bin tane agirhigi ve Zeleny sedimantasyon  en yiiksek deger Avsar ¢esidinden (38.61 g), en diisiik deger
degerleri Tablo 2’ de verilmistir. 2.2 mm elek tizerinde kalan  ise Taner ¢esidinden (32.84 g) elde edilmistir. 2.8 mm elek
tanelerin bin tane agirhg incelendiginde en diusiik bin  iizerinde kalan tanelerin bin tane agirlig1 incelendiginde ise
tane agurhigr [konya (24.85 g), en yiiksek bin tane agirligi  en yiiksek bin tane agirligi Ekiz (50.05 g), en diisiik bin tane
Karahan-99 ¢esidinden (30.56 g) elde edilmistir. 2.5 mm  agirhig Konya-2002 (41.32 g) cesitlerinden elde edilmistir.

Tablo 2. Bugday cesitlerine ait bin tane agirlig1 ve Zeleny sedimantasyon degerleri

Bin tane Agirlig1 (g) Zeleny Sedimantasyon Degeri (ml)
Ornek 2.2 2.5 2.8 Ortalama 2.2 2.5 2.8 Ortalama
Ahmetaga 26.20 35.01 42.58 34.59 37.23 39.50 38.28 38.33
Aliaga 25.96 35.21 47.51 36.22 30.50 31.50 30.50 30.83
Avsar 29.75 38.61 44.95 37.77 40.50 41.55 40.50 40.85
Bayindir 26.77 34.78 47.52 36.36 37.50 41.00 39.95 39.48
Bayraktar-2002 27.76 35.38 44.96 36.03 29.62 32.00 30.50 30.71
Bozkir 28.23 36.94 46.84 37.34 35.19 36.00 33.00 34.73
Buhara 27.97 37.75 44.87 36.86 35.78 39.71 39.50 38.33
Dagdas-94 27.94 34.93 49.02 37.29 37.50 40.00 42.00 39.83
Ekiz 28.29 35.17 50.05 37.83 36.74 42.28 37.23 38.75
Eraybey 28.60 36.00 44.25 36.28 36.50 37.78 36.50 36.93
Hara 29.03 37.27 44.74 37.01 40.50 40.50 37.81 39.60
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fkonya 24.85 33.96 46.10 34.97 36.92 38.66 37.50 37.69
Karahan-99 30.56 38.30 45.61 38.16 33.81 35.50 35.44 34.92
Kilistra 28.68 34.69 43.07 35.48 34.00 37.50 38.05 36.52
Konya-2002 25.55 32.99 41.32 33.29 41.35 46.00 45.00 44.12
Malazgirt 25.93 34.77 43.32 34.67 37.00 38.00 37.50 37.50
Meke 27.02 35.08 48.48 36.86 39.73 41.50 39.00 40.08
Savatra 26.58 34.22 43.67 34.82 30.00 32.50 32.05 31.52
Selcuklu 30.01 35.74 48.39 38.05 48.50 51.00 48.00 49.17
Sehzade 27.55 34.80 48.10 36.82 31.00 33.50 30.50 31.67
Taner 26.28 32.84 45.71 34.94 47.00 50.50 45.50 47.67
Tosunbey 25.98 36.85 43.00 35.27 39.50 41.50 40.00 40.33
Tugra 25.89 33.58 43.71 34.39 39.00 42.00 41.50 40.83
Yavuz 29.95 37.09 43.79 36.94 43.06 47.50 43.50 44.69
Zorlu 29.68 37.09 46.61 37.79 33.50 32.50 32.75 32.92
GENEL ORT. 27.64 35.56 45.52 36.24 37.28 39.60 38.08 38.32
AOF 1,67 2,42
DK 2.31 3.19
Uygulama 8033.24 139.06
Cesit 257.36 3414.18
Tekerriir 2.48 15.17
Cegsit *tane iriligi 234.81 138.02

AOF: Asgari 6nemli fark, DK: Degisim katsayist

Tane iriligi artuk¢a ortalama bin tane agirhigr da
artmaktadir. Bu durum un verimini de dogrudan etkileyen
bir faktor olarak bilinmektedir (Cakmak, 2010). Cesitlerin
bin tane agirlig1 genel ortalamast incelendiginde en diisitk
deger Konya-2002 gesidinden (33.29 g), en yiiksek deger ise
Karahan-99 ¢esidinden (38.16 g) elde edilmistir. Sahin vd.
(2011) yapuklart benzer bir ¢alismada Karahan ¢esidinin
bin tane agirhgini 29.9 g olarak belirtmislerdir. Aydogan
vd. (2014) sulu kosullarda yapmis olduklar: bir ¢alismada
ekmeklik bugday cesitlerinin bin tane agirhiklarinin
ortalama degerlerini 2.2, 2.5 ve 2.8 mm elek caplarina gore
sirasiyla 32.32, 40.01, 47.03 g ve deneme ortalamasini
39.79 g olarak, en yiiksek degeri Konya-2002 gesidinde en
diisiik degeri ise Bezostaya-1 ¢esidinden elde etmislerdir.

Caligmada bin tane agurligi bakimindan bugday cesitleri,
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tane iriligi ve ¢esitxtane iriligi interaksiyonu arasindaki
fark istatistik olarak p<0.01 diizeyinde 6nemli bulunurken,

tekerriirler arasindaki fark 6nemsiz bulunmustur (Tablo 1).

Zeleny sedimantasyon degeri tanenin gluten kalitesi
hakkinda fikir veren onemli bir parametredir. Gluten
mikear ve kalitesi yiiksek oldugunda Zeleny sedimantasyon
degeri de yiiksek olmaktadir (Hruskova ve Famera, 2003).
Bu c¢alismada Zeleny sedimantasyon degeri ortalama
38.32 ml olarak belirlenmistir. 2.2 mm elek iistiinde kalan
tanelerin Zeleny sedimantasyon degeri incelendiginde en
dusiik deger Bayraktar-2002 (29.62 ml), en yiiksek deger
Selcuklu (48.50 ml) ¢esidinden elde edilmistir. Aliaga
esidi hem 2.5 hem de 2.8 mm elek Gstiinde kalan taneler
arasinda en diigiik Zeleny sedimantasyon degerine sahip

olurken, Selguklu ¢esidi tiim elek tistiinde kalan gruplarda

g



en yiiksek Zeleny sedimantasyon degerine sahip olmustur.
Bu ¢alismayla benzer sonuglarin elde edildigi bir bagka
calismada, Giir (2022), 10 adet ekmeklik bugday ¢esidinde
Zeleny sedimantasyon degerini 41 ml olarak bulmus
en yiksek Zeleny sedimantasyon degerini ise Selguklu
cesidinden (56 ml) elde etmisti. Aydogan vd. 2014,

ekmeklik bugday cesitlerinin zeleny sedimantasyon degerleri

_ _
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deneme ortalamasinin 43.02 ml, 2.2, 2.5, 2.8 mmlik elek
tistii zeleny sedimantasyon degerleri ortalamasinin sirastyla
34.00, 49.00, 46.08 ml oldugunu tespit etmislerdir. Zeleny
sedimantasyon degeri bakimindan bugday cesitleri, tane
iriligi ve ¢esitxtane iriligi interaksiyonu arasindaki fark
istatistik olarak p<0.01 diizeyinde 6nemli bulunmustur

(Tablo 1).

Tablo 3. Bugday cesitlerine ait protein ve sertlik degerleri

Protein (%) Sertlik (SKCS ) (%)

Ornek 2.2 2.5 2.8 Ortalama 2.2 2.5 2.8 Ortalama
Ahmetaga 12.62  12.33 12.49 12.48 60.31 57.38 54.61 57.43
Aliaga 1229  11.85 11.27 11.80 31.06 30.89 30.63 30.86
Avsar 11.93 1217 12.04 12.05 57.21 55.92 54.66 55.93
Bayindir 12.80  13.18 12.49 12.82 74.46 72.07 70.50 72.34
Bayraktar-2002 1206 10.85 11.37 11.42 30.51 30.78 30.44 30.58
Bozkir 1241 11.50 12.18 12.03 32.73 33.67 32.00 32.80
Buhara 12.88  13.24 12.73 12.95 60.66 60.94 59.24 60.28
Dagdas-94 1339 12.11 12.96 12.82 79.28 76.30 73.66 76.41
Ekiz 12.52 12.57 12.31 12.46 53.55 53.81 56.08 54.48
Eraybey 1243 12.31 12.01 12.25 50.27 46.66 43.78 46.90
Hara 1245 1270 12.05 12.40 66.10 64.35 60.12 63.52
fkonya 11.84  11.82 11.64 11.77 63.05 65.73 62.60 63.79
Karahan-99 1255 12.61 11.58 12.25 36.81 33.53 32.03 34.12
Kilistra 12.51 13.16 11.98 12.55 55.77 55.03 54.19 54.99
Konya-2002 1256 11.96 12.22 12.25 63.09 60.78 56.68 60.18
Malazgirt 1255 11.93 11.64 12.04 59.01 58.75 57.31 58.36
Meke 11.99 1165 11.82 11.82 45.11 34.67 39.69 39.82
Savatra 11.29 11.40 11.12 11.27 28.85 29.83 30.05 29.57
Selguklu 1350  12.80 12.96 13.08 57.74 54.40 57.36 56.50
Sehzade 11.55 1239 11.78 11.91 31.95 29.39 30.11 30.48
Taner 1334  11.85 13.01 12.73 74.81 71.79 70.73 72.44
Tosunbey 12.74 1251 13.23 12.83 54.39 55.18 53.87 54.48
Tugra 1266 12.08 12.12 12.28 50.25 48.19 47.00 48.48
Yavuz 13.17  12.10 12.08 12.45 55.94 54.55 51.17 53.88
Zorlu 1259 12.90 12.54 12.67 42.84 40.28 38.93 40.68
GENEL ORT. 1250 12.24 12.14 12.29 52.63 50.99 49.90 51.17
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AOF

DK
Uygulama
Cesit
Tekerriir

Cegsit *tane iriligi

1.15 3.44
4.71 3.38
3.46 189.03
31.78 28938.58
0.003 21.94
13.84 276.73

AOF: asgari onemli fark, DK: degisim katsay1st

Protein miktar ve kalitesi bugday unlarinin son
kullanim amacina uygunlugunu belirleyen 6nemli bir
faktordiir. Cesidin  genetik ozellikleri diginda  sicaklik,
yillik yagis miktari, yagisin aylara gore dagilimi, yetigtirme
kosullari, kiiltiirel uygulamalar ve siine-kimuil gibi zararlilar
da protein orani ve kalitesine etki eder (Atli, 1999; Caglayan
ve Elgiin, 1999). Bu arastirmada cesitlere ait genel protein
orani ortalamast % 12.29 olmustur. 2.2 mm elek iistiinde
kalan bugday ¢esitlerinde en diisitk protein orani Savatra
(% 11.29), en yiiksek protein orani Selcuklu (%13.50)
cesidinden elde edilmigtir. 2.5 mm elek iistiinde kalan
bugday ¢esitlerinde en diisiik protein orani Bayraktar-2002
(%10.85), en yiiksek protein orani Buhara ¢esidinden
(%13.24) elde edilmistir. 2.8 mm elek iistiinde kalan
bugday cesitlerinde en diisiik ve en yiiksek protein oranlar:
ise sirastyla Savatra (%11.12) ve Tosunbey (%13.23)
cesitlerinden elde edilmistir (Tablo 3). Tane boyutu arttik¢a
protein oranlart dismistiir. Bu sonu¢ Sahin vd. (2013)
tarafindan da desteklenmektedir. Bu durumun sebebi tane
boyutunun artmasiyla tanedeki nisasta miktarinin artmasi
ve protein miktarinin oransal olarak azalmasi seklinde
agtklanabilir. Aydogan vd. (2014), yapmus olduklari benzer
bir ¢alismada tane boyutunun arugt ile protein oraninda
azalmalarin oldugunu ve buna kargilik boyut azaldik¢a
protein oraninda artis oldugunu, tane iriliginin bugday
kalitesine etki ettigini sanayicinin isleyecegi bugdayin fiziksel
ve bazi kalite ozelliklerine gore alim yapmasinin ne denli
onemli oldugunu belirtmiglerdir. Bagka bir ¢alismada farkls
bolgelerden temin edilen 125 adet bugday 6rneginden elde
edilen kirma unu 6rneklerinin protein oran1 %7.3 ile %14
degerleri arasinda degismis olup, ortalama % 10.58 olarak
bulunmustur (Onar, 2018). Protein oranlar1 bakimindan

bugday cesitleri ile tane irilikleri arasindaki fark istatistiki
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olarak p<0.01 diizeyinde 6nemli bulunurken, tekerriirler

arasindaki fark 6nemsiz bulunmustur (Tablo 1).

Bugdayin 6giitme ve pisirme kalitesi ile son kullanim
amacina uygunlugunu etkileyen onemli fakeorlerden biri
de tane sertigidir ve un verimi, un partikiil iriligi, nisasta
zedelenmesi, su absorbsiyonu, hamur gelisme siiresi ve
hamurun uzama yetenegini etkiler (Morris, 2002). Tane
sertligi biiylik oranda genetik yapiya bagli olmakla birlikte
ekmeklik bugdayda tane endosperm yapisinin arzu edilen
sertlikte olmasi istenir (Karaduman vd., 2017). Ayrica tane
sertligi cevresel ve fiziksel faktorlerin yaninda tane proteini,
tanenin camsiligl, tane boyutu, suda ¢oziiniir pentozanlar,
nem ve lipid icerigi gibi kimyasal faktorlerden etkilenir
(Anjum ve Walker, 1991; Turnbull ve Rahman, 2002).
Bu ¢alismada bugday cesitlerinin sertlik degeri ortalamast
%>51.17 olarak tespit edilmistir. Benzer sonuglarin elde
edildigi baska bir calismada Kaplan Evlice vd. (2016)
199 adet ekmeklik bugdaya ait ortalama sertlik degerini
%>50.4 olarak belirtmislerdir. Tane iriligi artukea sertlik
azalmakta, ancak ayni gesit igindeki tane sertligi degisimleri,
farkliliklardan ~ kaynaklanabilir. Daha
kiigiik tohumlar daha ge¢ gelisir. Geg kaldiklar: icin tahil

olgunlagmadaki

doldurma déneminde iyi dolmazlar ve gelismek icin daha
az zamanlari oldugu i¢in burusup yumusayabilirler (Gaines,
1986). Savatra cesidi hem 2.2 hem de 2.8 mm elek iistiinde
kalan ¢esitler igerisinde, Sehzade ¢esidi ise 2.5 mm elek
tistiinde kalan gesitler icerisinde en disiik sertlik degerine
sahip olmugtur. Dagdas-94 cesidi ise tim elek tstiinde
kalan gruplar icerisinde en yiiksek sertlik degerine sahip
olmustur. Bu ¢alismada tane sertligi bakimindan bugday
gesitleri, tane iriligi ve gesit x tane iriligi interaksiyonu
arasindaki fark istatistik olarak p<0.01 diizeyinde énemli

bulunmustur (Tablo 1).

—
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Tablo 4. Bugday ¢esitlerine ait PMT ve GPU degerleri

PMT (sn) BEM (GPU)

Ornek 2.2 2.5 2.8 Ortalama 2.2 2.5 2.8 Ortalama
Ahmetaga 75.50 72.50 68.00 72.00 47.50 47.00 46.00 46.83
Aliaga 96.50 72.00 54.50 74.33 43.00 42.00 48.00 44.33
Avsar 106.50 90.50 71.50 89.50 47.50 45.00 51.50 48.00
Bayindir 59.50 42.50 60.00 54.00 53.00 68.00 52.00 57.67
Bayraktar-2002 122.00  122.00 70.00 104.67 42.50 40.50 51.00 44.67
Bozkir 89.50 72.00 63.50 75.00 47.00 50.00 51.00 49.33
Buhara 93.00 150.00  105.50 116.17 49.00 36.00 43.50 42.83
Dagdas-94 52.00 47.00 42.00 47.00 53.00 50.50 52.00 51.83
Ekiz 60.50 96.50 52.50 69.83 45.50 33.50 49.00 42.67
Eraybey 97.50 84.00 80.00 87.17 44.00 45.50 50.00 46.50
Hara 100.50 78.00 40.50 73.00 48.50 51.50 55.00 51.67
ikonya 84.00 91.50 67.50 81.00 48.00 46.50 46.50 47.00
Karahan-99 90.00 67.50 65.00 74.17 43.00 46.00 47.00 45.33
Kilistra 74.50 75.00 55.00 68.17 51.50 53.50 52.00 52.33
Konya-2002 72.00 61.50 47.00 60.17 43.00 46.50 53.00 47.50
Malazgirt 50.00 64.00 53.00 55.67 52.50 44.00 48.00 48.17
Meke 87.00 75.00 60.00 74.00 46.00 50.00 48.00 48.00
Savatra 56.00 64.00 41.00 53.67 39.00 32.50 44.50 38.67
Selguklu 85.50 73.50 54.00 71.00 45.50 54.50 59.50 53.17
Sehzade 86.00 95.50 69.00 83.50 43.50 45.00 48.50 45.67
Taner 77.00 80.00 62.00 73.00 50.50 48.50 52.50 50.50
Tosunbey 86.50 88.00 61.50 78.67 52.00 50.50 54.00 52.17
Tugra 91.50 88.00 70.00 83.17 48.00 46.50 51.00 48.50
Yavuz 90.50 86.00 81.50 86.00 50.00 47.00 52.00 49.67
Zorlu 77.50 127.00 60.00 88.17 49.50 33.00 47.50 43.33
GENEL ORT. 82.44 82.54 62.18 75.72 47.30 46.14 50.12 47.85
AOF 3.34 2.56
DK 221 2.69
Uygulama 13750.12 418.97
Cesit 34711.90 2405.77
Tekerriir 0.42 18.02
Cesit *tane iriligi 16360.21 1640.02

AQF: asgari 6nemli fark, DK: degisim katsayis;, BEM: maksimum tork, PMT: maksimum torka ulasincaya kadar gegen siire
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PMT degeri glutenin maksimum dirence ulasabilmesi
icin gegen zamani ifade eden, hamur yogurma siiresi
hakkinda fikir veren Glutopeak parametrelerinden biridir
(Onar, 2018). Bu calismada 2.2 mm elek stiinde kalan
cesitler icerisinde en yiiksek PMT degeri Bayraktar-2002
(122 sn), en diisiik Malazgirt (50 sn) gesitlerinden elde
edilmistir. Buhara cesidi hem 2.5 mm hem de 2.8 mm elek
tizerinde kalan gesitler arasinda en yiiksek PMT degerini
elde etmistir. Ttim bugday ¢esitleri igerisinde ortalama PMT
degeri 47-116.17 sn arasinda degismis olup ortalama 75.72
sn olarak belirlenmistir (Tablo 4). Celiker (2019) farkli
bugday cesitleri ile yaptklari Glutopeak ¢alismasinda PMT
degerinin 48-135 sn araliginda degistigini beliremistir. Bu
calismada elde edilen sonuglarin da literatiir verileriyle
uyumlu oldugu goriilmektedir. Yapilan ¢aligmalarda PMT
degerinin uzun/kisa olusu hakkinda farkli sonuglar elde
edilmekte olup, ekmek yapiminda kullanilabilecek giiglii
gluten kalitesine sahip bugday unlarinda yiiksek PMT
degerleri tespit edilirken, glutenin daha hizli bir sekilde
toparlanarak daha kisa siirede pik noktaya ulasmastyla daha
dusiik PMT degerleri de elde edilebilmektedir (Karaduman
vd., 2021). Melnyk vd. (2011) bu durumu glutenin
miktarinin gluten giiciinii belirledigini, gliadin/glutenin
oraninin da PMT’yi etkiledigi seklinde yorumlamistir.
Dolayisiyla PMT degeri degiskenlik gosterebilen  bir
parametredir. Bu ¢alismada PMT degeri bakimindan bugday

cesitleri, tane iriligi ve cesit x tane iriligi interaksiyonu
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arasindaki fark istatistik olarak p<0.01 diizeyinde 6nemli

bulunmustur (Tablo 1).

BEM degeri glutenin maksimum direnci olarak ifade
edili. BEM degerinin yiiksek olmast gluten direncinin
yiiksek oldugunu gosterir. Ekmek ve yufka yapiminda
yiiksek gluten direncine sahip unlar tercih edilirken biskiivi
yapiminda bunun tam tersi ydndeki zayif gluten yapisindaki
unlar kullanilir. Tablo 4 incelendiginde 2.2 mm elek
tistiinde kalan bugday 6rneklerinde Bayindir ve Dagdas-94
gesitlerinden enyiiksek BEM degeri (53 GPU) elde edilirken,
Savatra ¢esidinden en diisiik BEM degeri (39,0 GPU) elde
edilmistir. 2.5 mm elek Gistiinde kalan bugday 6rneklerinde
de yine en yiiksek BEM degeri Bayindir (68 GPU), en
diisitk BEM degeri ise Savatra (32.5 GPU) ¢esidinden elde
edilmistir. 2.8 mm elek Gistiinde kalan bugday 6rneklerinde
ise en yiiksek ve en diisik BEM degerleri sirstyla Selguklu
(59.5 GPU) ve Buhara (43.5 GPU) cesitlerinden elde
edilmigtir. Tim bugday 6rneklerinin ortalama BEM
degeri ise 47.85 GPU olmustur. 25 adet ekmeklik bugday
gesidinin bazi teknolojik ozelliklerinin Glutopeak cihaziyla
degerlendirildigi bir bagka calismada, bu verilerle uyumlu
olarak, BEM degerleri ortalamasinin 57.26 GPU oldugu
tespit edilmistir (Akin, 2022). Bu ¢alismada BEM degeri
bakimindan bugday cesitleri, tane iriligi ve gesit x tane
iriligi interaksiyonu arasindaki fark istatistik olarak p<0.01

diizeyinde 6nemli bulunmustur (Tablo 1).

Tablo 5. Bugday cesitlerine ait AM ve PM degerleri

AM (GPU) PM (GPU)

Ornek 2.2 2.5 2.8 Ortalama 2.2 2.5 2.8 Ortalama
Ahmetaga 2500  27.00  24.00 25.33 3450  37.00 38.00 36.50
Aliaga 26.50 16.50 20.00 21.00 31.50 31.50 31.00 31.33
Avsar 2200 2150  28.50 24.00 3950 36.50 36.00 37.33
Bayindir 28.50 31.00 28.50 29.33 38.00 37.00 36.00 37.00
Bayraktar-2002 2050 22.50 35.50 26.17 37.00  34.00 33.50 34.83
Bozkur 2600 2250  28.00 25.50 3500 35.00  40.00 36.67
Buhara 2250 2400 2350 23.33 40.00  32.50 35.00 35.83
Dagdas-94 23.50 22.50 24.00 23.33 36.00 38.50 40.50 38.33
Ekiz 21.50 15.50 24.00 20.33 35.00 32.00 34.00 33.67
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Eraybey 18.00 17.00 24.50 19.83 34.00 33.00 34.50 33.83
Hara 25.50 29.50 33.00 29.33 34.50 39.00 40.50 38.00
fkonya 24.00 23.00 24.50 23.83 33.00 33.50 36.50 34.33
Karahan-99 31.00 26.00 23.50 26.83 29.50 32.50 33.50 31.83
Kilistra 32.50 34.50 23.00 30.00 37.00 40.00 41.00 39.33
Konya-2002 17.50 21.00 23.00 20.50 32.00 33.00 40.00 35.00
Malazgirt 23.00 20.00 21.50 21.50 36.50 32.50 38.00 35.67
Meke 23.00 27.00 29.00 26.33 34.00 34.00 34.00 34.00
Savatra 17.50 15.00 20.00 17.50 27.00 25.00 31.50 27.83
Selguklu 27.00 32.00 26.50 28.50 36.50 40.50 42.00 39.67
Sehzade 22.00 34.50 28.50 28.33 33.00 31.00 32.50 32.17
Taner 23.00 32.00 27.00 27.33 37.00 38.50 39.00 38.17
Tosunbey 27.00 40.50 31.50 33.00 38.50 39.00 41.00 39.50
Tugra 23.50 23.00 31.50 26.00 33.00 35.00 38.50 35.50
Yavuz 26.00 25.00 26.50 25.83 38.00 37.50 39.00 38.17
Zorlu 26.00 26.00 27.00 26.33 33.50 27.50 33.50 31.50
GENEL ORT. 24.10 25.16 26.26 25.17 34.94 34.62 36.76 35.44
AOF 2.66 2.94
DK 5.32 4.17
Uygulama 116.65 133.24
cesit 1956.49 1270.29
tekerriir 18.02 6.82
Cesit *tane iriligi 1437.34 406.42

AOF: asgari onemli fark, DK: degisim katsayis;, AM: maksimum torktan 15 sn 6nceki tork, PM: maksimum torktan 15 sn

sonraki tork

Glutopeak cihazi parametrelerinden AM  degeri,
maksimum torka ulagsmadan 15 sn 6nceki tork olarak
ifade edilir ve gluten kalitesi hakkinda fikir verir. Zayif
yapilt biskiivilik unlarda digitk AM degeri elde edilir
(Akin, 2022). Bu literatiire istinaden biskiivilik bugday
olarak degerlendirilen Savatra ¢esidinin ti¢ farkli irilik
grubunda da en diisitk AM degeri elde ettigi gorilmektedir.
Cesitlerin ortalama AM degerleri incelendiginde en yiiksek
AM degerinin Tosunbey ¢esidinden (33 GPU), en disiik
Savatra ¢esidinden (17.5 GPU) elde edilmesi de sonuglarin
literatiirle uyumlu oldugunu goéstermekeedir (Tablo 5).
Benzer bir ¢alismada Karaduman vd. (2021) bolge verim
kademesinden elde edilen 24 adet bugday genotipine

—

ZIRAAT MUHENDISLIGI | Yil: 2024 | Say:: 379

ait AM degerinin ortalama 24.4 GPU oldugunu ifade
etmiglerdir. AM degeri bakimindan bugday ¢esitleri, tane
iriligi ve cesitxtane iriligi interaksiyonu arasindaki fark
istatistik olarak p<0.01 diizeyinde 6nemli bulunmustur

(Tablo 1).

PM degeri maksimum torka ulastiktan 15 sn sonraki tork
olarak degerlendirilir. PM degeri gluten kalitesini gosteren
ve gluten kalitesiyle dogru oranuli olarak degiskenlik
gosteren bir diger parametredir. Calismada hem 2.2 hem
de 2.5 elek istiinde kalan bugday cesitlerinden Savatra
cesidinin iki grupta da en diisitk PM degeri (27 ve 25 GPU)
elde ettigi, Aliaga ¢esidinin de 2.8 elek Gistiinde kalan grupta




en disiik PM degeri (31 GPU) elde ettigi gorilmektedir.
2.2 mm elek istiinde kalan bugday cesitlerinden en yiiksek
PM degerine Buhara ¢esidi (40 GPU) sahip olurken,
Selcuklu gesidi 2.5 ve 2.8 mm elek tstiinde kalan bugday
cesitleri arasinda sirasiyla en yiiksek PM degerlerine (40.5
ve 42 GPU) sahip olmugstur. Denemeye ait PM degeri
genel ortalama 35.44 GPU olup en yiiksek PM degeri
Seleuklu (39.67 GPU) c¢esidinden, en diisitk PM degeri
ise Savatra (27.83 GPU) cesidinden elde edilmistir (Tablo
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5). Bu sonuglarla paralel olarak yapilan bir bagka ¢aligmada
Tiirkiye'nin 5 farkli bélgesinden (Edirne, Erzurum, Adana,
Corum, Eskisehir) temin edilen 125 adet bugday 6rneginde
PM degeri ortalamasinin 39.28 GPU oldugu belirtilmistir
(Onar, 2018). PM degeri bakimindan bugday cesitleri,
tane iriligi ve ¢esitxtane iriligi interaksiyonu arasindaki fark
istatistik olarak p<0.01 diizeyinde 6nemli bulunmustur

(Tablo 1).

Tablo 6. Bugday cesitlerine ait AGR.E degerleri

AGR.E (GPU)
Ornek 2.2 2.5 2.8 Ortalama
Ahmetaga 1175.53 1268.53 1183.24 1209.10
Aliaga 1168.90 981.40 1101.08 1083.79
Avsar 1104.00 1216.70 1216.47 1179.06
Bayindir 1379.50 1507.99 1332.12 1406.53
Bayraktar-2002 1038.66 997.36 1284.85 1106.96
Bozlar 1162.73 1259.89 1294.40 1239.01
Buhara 1286.37 1032.28 1102.18 1140.27
Dagdas-94 1291.20 1177.10 1350.85 1273.05
Ekiz 1187.38 940.18 1263.57 1130.38
Eraybey 1093.32 1167.13 1312.82 1191.09
Hara 1190.29 1363.55 1383.83 1312.55
Ikonya 1116.64 1177.72 1274.64 1189.66
Karahan-99 1164.37 1189.97 1132.13 1162.15
Kilistra 1337.98 1454.83 1354.70 1382.50
Konya-2002 1082.65 1062.58 1278.48 1141.24
Malazgirt 1199.27 1099.19 1211.52 1169.99
Meke 1086.55 1131.11 1169.58 1129.08
Savatra 963.48 852.40 1116.37 977.41
Selguklu 1196.46 1462.75 1418.50 1359.23
Sehzade 1197.53 1210.28 1182.66 1196.82
Taner 1199.82 1317.74 1351.65 1289.74
Tosunbey 1233.03 1209.05 1308.48 1250.18
Tugra 1138.01 1116.50 1265.24 1173.25
Yavuz 1245.05 1307.83 1358.13 1303.67
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Zorlu 1190.67 975.98 1220.48 1129.04
GENEL ORT. 1177.17 1179.20 1258.72 1205.03
AOF 132.39
DK 5.52
Uygulama 216270.3
Cegsit 1463616.3
Tekerriir 503.1
Cegsit *tane iriligi 727577.9

AOF: asgari 6nemli fark, DK: degisim katsayisi, AGR.E: Agregasyon enerji degeri

Gluten kalitesi hakkinda fikir veren AGR.E degeri,
Glutopeak analizi sonucunda maksimum torktan 15 sn
once ve 15 sn sonrasinda elde edilen diyagramin alt kisminin
alani olarak hesap edilmektedir (Malegori vd., 2018). Tane
iriligi artuk¢a AGR.E degerinin artugi gorilmekeedir.
Hem 2.2 mm hem de 2.5 mm elek tizerinde kalan bugday
cesitlerinde en yiiksek AGR.E degerine Bayindir ¢esidi
(1379.5 ve 1507.99 GPU), en diisiik AGR.E degerine ise
Savatra cesidinden (963.48 ve 852.40 GPU) elde edilen

unlar sahip olmusgtur. 2.8 mm elek tizerinde ise en yiiksek

AGR.E degeri Selcuklu ¢esidinde (1418.5 GPU), en
diisitk AGR.E degeri ise Aliaga cesidinde (1101.08 GPU)
bulunmugtur. Tim ¢esitlerin ortalama AGR.E degeri ise
1205.03 GPU olarak belirlenmistir (Tablo 6). Karaduman
vd. (2021) yapmis olduklari ¢alismada AGR.E degerini
8066.3-1442.6 GPU araliginda bulmuslardir. AGR.E degeri
bakimindan bugday cesitleri, tane iriligi ve gesitxtane
iriligi interaksiyonu arasindaki fark istatistik olarak p<0.01

diizeyinde 6nemli bulunmugtur (Tablo 1).

Tablo 7. Korelasyon tablosu

2.2 2.5 2.8 Genel
Zeleny sed. Bin tane Agirlig: 0.0698 -0.1733 -0.1499 0.0284
Protein Bin tane Agirhig: 0.1386 0.2130 0.1286 -0.1593
Protein Zeleny sed. 0.5156** 0.1390 0.5067** 0.3314**
Sertlik Bin tane Agirhig: -0.1181 -0.1689 -0.0052 -0.0978
Sertlik Zeleny sed. 0.6459** 0.6267** 0.7298** 0.6432**
Sertlik Protein 0.4920** 0.3148* 0.5502** 0.4508**
PMT Bin tane Agirlig: 0.2758 0.3171* -0.1287 -0.3648**
PMT Zeleny sed. -0.0390 -0.1888 -0.0039 -0.0686
PMT Protein -0.1314 0.0784 0.0866 0.0834
PMT Sertlik -0.3724** -0.2208 -0.0792 -0.1744*
BEM Bin tane Agirhig: -0.0421 -0.1017 0.0390 0.2050*
BEM Zeleny sed. 0.3759** 0.4039** 0.5344** 0.3567**
BEM Protein 0.4850** 0.2139 0.3299* 0.2422**
BEM Sertlik 0.6799** 0.4324** 0.3399* 0.4119**

—
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BEM PMT -0.3067*
AM Bin tane Agirlig: 0.2668
AM Zeleny sed. 0.0770
AM Protein 0.2295
AM Sertlik 0.0879
AM PMT 0.0129
AM BEM 0.4403**
PM Bin tane Agirhig: 0.1585
PM Zeleny sed. 0.3776**
PM Protein 0.3434**
PM Sertlik 0.4886**
PM PMT 0.1551
PM BEM 0.6263**
PM AM 0.1807
AGR.E Bin tane Agirlig: 0.2161
AGR.E Zeleny sed. 0.1539
AGR.E Protein 0.3524**
AGR.E Sertlik 0.4952**
AGR.E PMT -0.2695
AGR.E BEM 0.6737**
AGR.E AM 0.5682**
AGR.E PM 0.4911**
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-0.5958** -0.3120* -0.5358**
0.0634 0.0366 0.1964*
0.2898* 0.0287 0.1676*
0.3275* 0.1349 0.1989*
0.2170 -0.0277 0.0962
-0.0033 0.1268 -0.0474

0.5581** 0.4335** 0.5157**
0.0548 -0.2335 0.1993*

0.6080** 0.6616** 0.5126**
0.2273 0.4868** 0.2895**

0.5664** 0.5780** 0.5090**
-0.2620 -0.1808 -0.2227**

0.7124** 0.5951** 0.6676**

0.5629* 0.2047 0.3871**
0.0514 0.0755 0.2705**

0.4629** 0.4602** 0.3439**

0.4289** 0.4029** 0.3244**

0.4514** 0.4897** 0.4205**

-0.3770** -0.2012 -0.3978**

0.8328 0.7079** 0.7920**

0.6416** 0.3719** 0.5808*

0.7796** 0.6538** 0.6887**

PMT: Maksimum pik zamani, AM: Maksimum torktan 15 saniye énceki tork, PM: Maksimum torktan 15 saniye sonraki tork,

BEM: maksimum tork, AGR.E: Agregasyon enerji degeri

Tablo 7'de, cesitlerin 2.2, 2.5 ve 2.8 mm elekler
tizerindeki irilik gruplarina ait ayr1 ayri ve toplu haldeki
ozellikleri arasindaki korelatif iliskiler gosterilmektedir. 2.2
mm elek tistiindeki grupta protein ile Zeleny sedimantasyon
(0.5156) ve AGR.E degeri (0.3524) arasinda pozitif
korelasyon tespit edilmistir (p<0.01). Sertlik ile protein
(0.4920), Zeleny sedimantasyon (0.6459), BEM (0.6799),
PM (0.4886), ve AGR.E degeri (0.4952) arasinda pozitif
korelasyon (p<0.01) tespit edilmistir BEM degeri ile
Zeleny sedimantasyon (0.3759), protein (0.4850), PM
(0.6263) ve AGR.E degeri (0,6737) arasinda pozitif
korelasyon (p<0.01) belirlenmistir. PM degeri ile Zeleny
sedimantasyon (0.3776), AGR.E degeri (0.4911), protein
(0.3434) ile p<0.01 diizeyinde pozitif iliski belirlenmistir.
AM degeri ile BEM (0.4403) ve AGR.E degeri (0.5682)
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degerleri arasinda p<0.01 diizeyinde 6nemli korelasyon
bulunmugtur. PMT degeri ile Sertlik (-0.3724) arasinda
p<0.01 diizeyinde, BEM degeri (-0.3067) ile de p<0.05
diizeyinde negatif korelasyon bulunmugtur. PMT degerinin
diger parametreler ile arasindaki korelasyonlar énemsiz

bulunmustur.

2.5 mm elek iizerinde kalan cesitlerin 6zelliklerine ait
korelasyonlar incelendiginde Sertlik ile Zeleny (0.6267),
BEM (0.4324), PM (0.5664) ve AGR.E degeri (0.4514)
arasinda p<0.01 diizeyinde, protein (0.3148) ile p<0.05
diizeyinde pozitif korelasyon tespit edilmistir. PMT ile bin
tane (0.3171) arasinda p<0.05 diizeyinde pozitif korelasyon
bulunurken, BEM (-0.5958) ve AGR.E degeri (-0.3770)
arasinda negatif iligki tespit edilmigtir (p<0.01).

>



BEM degeri ile Zeleny sedimantasyon (0.4039), AM
(0.5581), PM (0.7124) ve AGR.E degeri (0.8328) arasinda
pozitif (p<0.01) iliski bulunmustur. AM degeri ile Zeleny
sedimantasyon (0.2898) ve protein (0.3275) arasinda
p<0.05 diizeyinde, PM (0.5629) ve AGR.E degeri (0.6416)
arasinda p<0.01 seviyesinde pozitif korelasyon bulunmustur.
PM ile Zeleny sedimantasyon (0.6080) ve AGR.E degeri
(0.7796)
(p<0.01). AGR.E degeri ile Zeleny sedimantasyon (0.4629)
ve protein (0.4289) degerleri arasinda da p<0.01 diizeyinde

arasinda  pozitif korelasyon  belirlenmistir

onemli korelasyon bulunmustur.

2.8 mm elek tstiinde kalan gesitlerin ozelliklerine ait
korelasyonlar Tablo 7'de belirtilmistir. Protein ile Zeleny
sedimantasyon (0.5067), sertlik (0.5502), PM (0.4868)
ve AGR.E degeri (0.4029) arasinda pozitif korelasyon
bulunurken (p<0.01), BEM (0.3299) ile p<0.05 diizeyinde
pozitif 6nemli korelasyon belirlenmistir. Sertlik ile Zeleny
sedimantasyon (0.7298), PM (0.5780) ve AGR.E degerleri
(0.4897) arasinda p<0.01 diizeyinde pozitif 6nemli, BEM
(0.3399) ile p<0.05 diizeyinde pozitif 6nemli korelasyon
belirlenmistir. BEM degeri ile Zeleny sedimantasyon
(0.5344), AM (0.4335), PM (0.5951) ve AGR.E degeri
(0.7079) arasinda p<0.01 diizeyinde pozitif 6nemli
korelasyon bulunurken, PMT (-0.3120) degeri ile arasinda
p<0.05 diizeyinde
AM degeri ile AGR.E degeri (0. 3719) arasinda pozitif
onemli iliski tespit edilmistir (p<0.01). PM ile Zeleny
sedimantasyon (0.6616) ve AGR.E degeri (0.6538) arasinda

p<0.01 diizeyinde pozitif korelasyon tespit edilmistir.

negatif korelasyon  belirlenmistir.

Her ii¢ elek grubunda da Zeleny sedimantasyon degeri
ve Sertlik, BEM ve PM degetleri arasinda, AGR.E degeri ile
protein, sertlik, BEM, AM ve PM degerleri arasinda, BEM
ile PM ve AM degerleri arasinda, PM ile sertlik arasinda
pozitif iliski tespit edilmistir. Bin tane ile sertlik, Zeleny
sedimantasyon ve protein arasindaki korelasyon ile PMT
degeri ile Zeleny sedimantasyon, AM ve protein arasindaki
ve AM ile sertlik arasindaki korelasyon ise istatistiki

anlamda 6nemsiz bulunmustur.

Tim ¢esitlerin incelenen &zelliklerine ait genel

korelasyon sonuglari degerlendirildiginde protein ile Zeleny

y—
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sedimantasyon degeri (0.3314), sertlik (0.4508), BEM
(0.2422), PM (0.2895) ve AGR.E degeri (0.3244) arasinda
p<0.01 diizeyinde, AM (0.1989) ile p<0.05 diizeyinde
pozitif iligki bulunmustur. Benzer korelasyonlarin elde
edildigi bir baska Glutopeak c¢alismasinda Marti vd.
(2014), protein icerigi ve maksimum pik arasinda p<0.01
0.70)
gozlemlemistir. Sertlik ile Zeleny sedimantasyon (0.6432),
BEM (0.4119), PM (0.5090) ve AGR.E degeri (0.4205)
arasinda p<0.01 diizeyinde pozitif, PMT (-0.1744) ile

seviyesinde anlamli pozitif bir korelasyon (r =

p<0.05 diizeyinde negatif korelasyon belirlenmistir. Bu
sonuglarla paralellik arz eden bir bagka ¢alismada Sertlik ile
PMT arasinda negatif (r=-0.6659, p < 0.01), BEM degeri
ile de pozitif giiglii korelasyon (r=0.7776, p < 0.01) tespit
edilmistir (Gligbilmez vd., 2019). PMT degeri ile bin tane
(-0.3648), BEM (-0.5358), PM (-0.2227) ve AGR.E degeri
(-0.3978) arasinda p<0.01 diizeyinde negatif korelasyonlar
tespit edilmistir. BEM degeri ile AM (0.5157), AGR.E
degeri (0.7920) ve Zeleny sedimantasyon (0.3567)
degerleri arasinda (p<0.01) diizeyinde, bin tane (0.2050)
ile de p<0.05 diizeyinde pozitif korelasyon tespit edilmistir.
Giir (2022) 10 adet tescilli ekmeklik bugday ¢esidinin bazi
kalite parametrelerinin Glutopeak cihazi ile degerlendirdigi
calismasinda BEM ile PM (0.93) ve AGR.E degeri (0.89)
arasinda pozitif ve onemli (p<0.01), PMT ile (-0.72)
negatif 6nemli (p<0.05) korelasyon oldugunu belirtmistir.
AM degeri ile, PM (0.3871) ve AGR.E degeri (0.5808)
arasinda p<0.01 diizeyinde, bin tane (0.1964) ve Zeleny
sedimantasyon degerleri (0.1676) ile de p<0.05 diizeyinde
pozitif korelasyon ortaya ¢tkmistir. Sanal vd. (2018) da bu
bulgularla benzer bir sekilde AM ve Zeleny sedimantasyon
degerleri arasinda 6nemli korelasyon tespit etmislerdir. PM
degeri ile bin tane (0.1993) (p<0.05 ) ve AGR.E degeri
(0.6887) (p<0.05) arasinda da pozitif korelasyonlar tespit
edilmistir. Yapilan bir ¢alismada AGR.E degeri ile bin tane
(0.67; p<0.05) ve protein (0.79; p<0.01) arasinda pozitif
korelasyon belirlenirken (Giir, 2022), bu ¢alismada da
benzer sekilde AGR.E degeri ile bin tane (0.270) ve Zeleny
sedimantasyon (0.343) degerleri arasinda p<0.01 diizeyinde
onemli pozitif iligki belirlemistir (Tablo 7).




3. Sonug

Tane iriligi bugday kalitesinin belirlenmesinde énemli
kriterlerden biridir. Bugdayin son iiriine islenmesinde
sanayici tarafindan homojen irilige sahip bugdaylarin olmasi
arzu edilir. Bu ¢alismada elde edilen veriler de tane iriliginin
bazi kalite ozelliklerini etkiledigini dogrular niteliktedir.
Tane iriligi arttikea gesitlerin bin tane agirligi miktarinin
arttig1 protein oraninin ise azaldigr gériilmektedir. Protein
oranindaki azalisin tanenin artan irilige bagli olarak nisasta
miktarinin artmast ve protein miktarinin da oransal olarak
azaldigi dustintilmektedir. Karahan-99 cesidi en yiiksek
bin tane agirligina sahip olurken, en yiiksek protein orani
Selcuklu, en diisiik protein orani da Savatra ¢esidinden
elde edilmistir. Selguklu ¢esidi Zeleny sedimantasyon
degeri agisindan her 3 irilik grubunda da en yiiksek
degerleri elde ederken zayif gluten yapisindaki Aliaga
cesidi ise en diisitk Zeleny sedimantasyon degerine sahip
olmustur. Dagdas-94 cesidi tane sertligi yoniinden her
tic grupta da en yiiksek degerleri elde ederken Savatra ve
Sehzade yumusak grupta yer almistr. Hara, Dagdas-94 ve
Malazgirt gesitleri PMT degeri yoniinden incelendiginde
diisiik sonuglar elde ederken Buhara ve Bayraktar-2002
cesitleri  yiiksek PMT degerlerine sahip olmuslardir.
Bayindir cesidi giiglii gluten 6zelligi gostererek yiiksek
BEM degeri elde ederken yumusak grupta yer alan Savatra
cesidi de diisiik BEM degeri elde etmistir. Savatra gesidi
AM degeri bakimindan da her {i¢ tane iriligi grubunda
da en disiik degerlere sahip olmustur. PM degerleri goz
oniine alindiginda da Selcuklu ¢esidi en yiiksek degeri elde
etmigtir. AGR.E degerleri incelendiginde en diisiik Savatra,
en yiiksek Bayindir gesitleri 6n plana ¢tkmistr. Ozellikler
arasindaki korelasyonlar incelendiginde PMT degeri bin
tane, sertlik, BEM, PM ve AGR.E degerleriyle negatif
yonde korelasyon gostermistir. Her ii¢ irilik grubu ve tiim
cesitler toplu olarak degerlendirildiginde sertlik ile Zeleny
sedimantasyon ve protein arasinda, Zeleny sedimantasyon
ile BEM ve PM degerleri arasinda, BEM degeri ile sertlik,
AM, PM ve AGR.E degerleri arasinda, PM degeri ile sertlik
ve AGR.E degeri arasinda, AGR.E degeri ile protein, sertlik
ve AM degerleri arasinda pozitif yonde korelasyonlar tespit
edilmistir. Bu ¢alismanin sonucunda Glutopeak cihazindan

elde edilen parametrelerin ¢esitlerin kalite ozelliklerini
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belirlemede daha az numuneyle kisa siirede daha hizli sonug
verebilecegi, son kullanim amacina gére bugday se¢iminde
yardimer olabilecegi diisiiniilmektedir. Ileriki zamanlarda
Glutopeak cihaziyla yapilacak olan ¢alismalarin artirilmas:
bazi reolojik analizlerle olan farkli korelasyonlarin da

degerlendirilmesine katk: saglayacakuir.
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