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KIR TKPK VE K!R REJKMKNKN GE¢KRKMLK GEOPOL
BASI N¢ DAYANI MI NA ETKKSKNKN KNCELENME

Knkaat M¢hendisi SED,

D¢zce | niversi
sedatakar.mail@gmail.cor000900060761-973X

Dr. ¥Jretim | yesi ADKL

D¢zce | niversi
adilgultekin@duzce.edu.#r00000002526 75312

¥ZET

Ge-irimli bet on, birbiriyle bajlantéleée bokl L
s¢zél mesine olanak sajl ayan °zel bir beton
ol duju avantajlar, ge-irimli |beaneanlbea thinrl lagk th
-al exmal ar yeéeretel mektedir. Ge-irimli geopo
yéksek férén c¢egrufu ve metakaolin gibi al ¢ mi
gi bi alkali aktivatérleBlgcberkadkar kapélaarl -
geopol i mer beton ¢retiminde etg¢gv kegreée ve ofr
betonlarén -exitli ©°zellikleri incelenmicktir
k¢ | esasleopgoel-iimeirmlbetgonl ar ¢retil mik; mi kr o
basén- dayanéemé ¢zerindeki et ki si arakter el

kull anél mécxk; 5 dakika boyunca 120, 330 ve 6
y¢kKksdasén- dayanéeménéen 600 watt ile elde edi
watt g¢- seviyesinde 2 ve 8 dakikaleék ke¢gr s
czerindeki etkisi dejerlendirilkmikiatliérk. k@G0 ew
5.3 MPa basén- dayanéména ul akélabildiji tes
et ¢ v Keéer ¢ de uygul anmeécxk,; farkl é sécakl ek Y,
mi krodal ga k¢r ¢ karkélkakty@mélemé mtder .d eAread ae
el ektrik enerjisi har camasé bir watt metre
keyasl anméxkter. El de edilen sonu-Ilar, mikrod

beton ¢retiminin nkeonykmpunk toulrduj unu ortaya
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Anahtar Kelimeler: Ge - i r i ml i Beton, Geopolimer Beton,

1. GKRKK

Kentl|l ek me hézéndaki arték ve ara-I|lara ol

kapl amal arén yaygénl é] ama grstttierdmmée ioti dan .k mws i d

gi bi olumsuzluklara neden ol maktadér [ 1]. B
y°net i mi ve -evresel s¢rdegréelebilirli k endi
kull anémé altetramrati2]. oGe aiyrmai mleik mé&t on, I -er

bokl ukl ar sayesinde suyun al¢t kat manl ara il

Ge-irimli betonun yajmur suyunu al-¢t kat manl
suyununyai | enmesi ni sajl ama, suyun filtre edilm
azal tma/engell eme gibi avantajlara sahip oln
-ekmektedir [ 4] . Ge-irimli beton t e kel anl
kull anél masé ile ¢retilmekte olup bu sayede
Knce agrega ya hi- kull anél maz ya da d¢kek

bajl antél é ol masé da suyumehé&nlek skeilr kiapk ialmaé

su akékénéen hezlanmasénée sajlar [5]. Ge-irin
y ol kapl amas é, meydan al anl aré [6], otopark
kal der éml ar gi bikulalraknl éel awy d unlekmeldarrdal 7] . Ge
dayanéml ar & i s e 8y awPlaa kgéikbiolgaernaikk 2b.i8 ar al ekt
agrega gradasyonu, agrega tanel eri arasenda
parametrenler demetrae et kil endi]i de bilinmek
Knkaat sekt®or¢sgnegn temel mal zemesi ol an k
Portl and -imentosu I se gel eneksel bet onda
kull anél makta ol up4 ymilllye&r ¢treerndan md kliarféazZlna
Ancak -imento ¢retim s¢recinde yégksek mikta

dojaya y¢kl ¢ miktarda karbondi oksit sal eme

ortaya -eékan aruafsogdinllmesin @madéyl a alterna
hezl anméck ol up geopol i merler muht emel bir
Geopolimerler y¢ksek dayaneém, gé¢-1 ¢ bir dur e
bertaraf é gsiabil agadmt anjel ar é Il e di kkat - ek me
depol anan end¢gstriyel atéekl areéen geopol i mer

2
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azal tarak/ ortadan kal der ar ak aj éer metal l er i
°nl eyere&nl-amdaesedha derin faydalar da sajl a
cretiminde 1 ki t emel mal zeme kull anéel makta o

ve vol kani k k¢l gibi al ¢gminosilikat {18z mal z

Son yéllarda geopolimerlerin sajlaméexk ol d
il e birlexktirilebil mesi amaceéeyla ge-irimli.i

yapél mékter. Bu -al ékmal ar én Isiir -kaujl U nadaé | imee
é

Q

é Kk mada, mi krodal ga k¢r¢ kull anél arak u-d

o
=
@D
—~+

|l mi Kk ve mikrodal ga g¢- seviyesi il e k.

celenmi ktir. Agrega ol aeélamékk ér imaz ekrilraen-atna |
éml arée ev tipi bir mikrodalga féreén kul
ki ka k¢grlenmi ktior., Sonrasénda kg¢r s¢resin
k a
s
e

l ek ke¢r s¢rel erpidenketkanéli mént ari nkKeg
c

o O o o X
9 O 9 9 9 S
~

akl ekl ar kull anél arak etg¢v kereée i1 e
i1 e

(]

e
yaneém enerji harcamaseé ¢zerindeki etk

2. MALZEME VE Y¥NTEM

2.1. Malzeme

Ge-irimli beton karékemlarénén ¢retil mesi
ateje olan wu-ucu k¢l agrega ol arak kér ma
silikat/ sodyum hidroksit kar éboum®d&rmindaolum n &l me
%99 oranénda safken sodyum s0,PR8k68IQVe-%623E | t i K
oranénda su i-ermektedir. Alkali -°zelti haz
-%zeltisinin i-inde -29°ztd¢dri¢gnllnesnkd ivrei lod iukktaenn ksac
Kull anél an mal zemel er e dair fotojrafl ar, (
numunel erinin hazérlanmasénda her seri i -1 n
agrega kullanéel méextér .
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G°r sel nlée.l aknulMaa zemel er

Y°ntem

Karéekeémlar , fotojrafe G°rsel 26de sunul ar

|l anél arak 460 devir/ dakika hez ayareénda

ser ile kareéexterélseékoadmaraanha mohelni bi irl &
hamurun agregal arén y¢gzeyini kapl amasé i
akada yerlexkxtirilmicktir. Her tabaka betc
lektirilmie,veyhgahébeéyuigstkkéagpregal ar ku
K¢rl eme, betonl arén kal éeplara yerl exkxtiri
€l maksézéen uygul anméexteéer. Mi krodal ga kg¢r
er tabliasdmda Ky evrel exithaz -alektéereéel méxter
i sinin incelenebil mesi amaceyla 120, 330

esinin sonunda numune mi krodal ga féréndan

i -erisinde bekletilmixktir.

Et¢v ke¢egreéende i se met al kal epl ar kull anéln
k1l e s¢relerde uygul anméxkt ér . Taze bet or
ri sindeykdmbhhawa udalrxd a mpli ¢ mit gk veeyer e - al
esi sonunda etg¢v kapateéel méxk, numune et g¢vd
oratuvar ortaménda bekletil mixktir.

Basén- dayanémé deneyl eri bir -imento har
énda yapélmek ve el de edilen en y¢ksek ku

er numunenin kesit alanéna b°l ¢rHersei ve b

n - er adet numune Kull anél mécxk Ve bunl

raporl anmécxkter .
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G°rsel 2. tal ekmada Kull aneél an EI Mi kseri,
BULGULAR VE DEJERLENDKRME
1. Mi krodal ga G¢- Slewvdryiersd enk in Btaksiésni- Day an
5 daki ka boyunca farkleée g¢- seviyelerinde
asén- dayanémlareée G°rsel 36te sunul muktur.
onraseénda, numunel erin prdaekladrmmaadl2k | asaeke plec
ayanemé deneyine tabi tutul amadékl areée belir
crleme ile basén- dayanéemé el de edil ememesi
eopolimerizasyon reakaypakbaond@&kemathageendh me
eviyelerinde, numune b¢nyesinde reaksiyonl
|l ukmamasé durum ¢zerinde etkilidir. Bunun a
3 MPa baseén- daganemepi bea sepe+ |l a, sadece
retilen ge-irimli bir beton i-in kabul ed
al éxmanén bu il k adéeménda el de edilen soni
eviyesi ol ariakmédilOnwasapkaméet ér .
©
- O 5.3
©
@)
4
c
|Q)2
n
©
o 0 0
0 _ _
120 330 600

Mi krodal ga g¢- s
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G°rsel 3. Mi krodal ga G¢- Seviyesinin Baseéeé
3. 2. Ke¢r S¢resinin Mikrodalga Kegre¢g i1 le [ reti

600 watt g¢- seviyesinde 2, 5 ve & dakik
betonl arén baseén- dayanéemlaré G°rsel 406te s
betonl ar da, bu k¢r s¢gresinin priz alma ve da

Her ne kadar g°rece olarak yeksegekedinige¢g-okel

1
c

cu ke¢legn -°%9z¢inmesi ve geopolimerizasyon
resinin 5 dakikaya -ékmasé 5.3 MPadl ek bi

ki kaya artteéerél maseta@&nlecamlag | mimameaxs &m- day

- o u Cc

la miktarda u-ucu k¢l gn -°zéignmesini saj l

ratteje dehidrasyon Il e dayaneéem kazanc

c 9 99 © O
N

e
nraséndaki biri merhlaer im ianf e ll e€rkd i(]BiHFAJ e dkdg s
e

Q

rak, 8 daki kal éek ke¢grl eme i le ¢retilen s

o u <

o
—_

1l mektedir

1800 1612

5 5
1500
1200
900
600
300
0

5 8 2 5 8
Kiir siiresi (dakika) Kiir stiresi (dakika)

-2
Kiir sonrast BITA (kg/m?)

Basmg Dayanumi {MPa)

| SR R ]

G°rsel 4 K¢r Sé¢resinin Basén- Dayanéemée ve K

3. 3. K¢ rSeSearkelséi] évneéen Et ¢v Kegre¢g i le Jretilen |

Et¢v kegre¢e i1 le ¢retilen ge-irimli geopol ir
sunul muktur . 12 saat sabit kK ¢r kseorrleesmenldeer dbed A
edilen baseéen- dayanéemlaré séraseéeyla 4.4 ve
dayanéeémé el de edil mesi nedeniyle bu k¢r séca
60ACo6de 6, 12 ve 24 saantéemd arléeaames eirlaes égll e 3e
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ol duju belirlenmickktir. Ké¢r s¢é¢resinin 6 saatt

s¢renin 12 saatten 24 saate ye¢gkselmesinin et

il e el de ediul-dmrdanyaamg@mesen y¢ksek basén- da
elde edilse de 60AC6de 12 saat ile elde edi/l
Ke¢r S¢resi ve k¢grleme 1 -in harcanan enerji
kéyasma amaceléylsaaabt0o XGr rejimi se-ilmiktir.

[[¢D]

c 6 BK¢r s¢é¢res

©

> 4.4

© 3.9

QO 4

[

|q,)2

(72}

©

@ o

60 90
a Ker sécakl ef e Ker seresi (¢
G°rsel 5. Et ¢v K¢egre¢g ile jretilen Betonlarén Bas
Secakl éejenén Etkisi, b: Sabit K¢r Sécakl éj

3. 4. Mi krodal ga vem&sev K¢gregnegn Kéyasl a

Mi krodal ga ferénda 600 watt g¢- seviyesin
geopol i mer beton ile et¢v kegreg kullaneéel ar ak
ait bazée bilgiler il e tasarzredfgeediblden saunrud
Mi krodal ga férén kullanélarak ¢retilen seri
cretil mesine raj men, et¢v kegre i1 le ¢gretilen

[ 14] mi krodal ga ke¢r ¢ 1y ekseetks vb akseérni,-n ed akyéaynaési

geopolimer har- ¢retiminin mgmkegn ol dujunu,
bir ésétma etkisi yarateéel maséndan, bunun da
basén- dayanéménéamdéjtemanars@&maralnarkagtnark.l

K¢rl eme sérasénda harcanan el ektrik ener|j

et ¢v k¢gregnde harcanan toplam elektri k enerji
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sadece 0.048 kWhoétir. eArncalkmdadmaseé, htacplmndmnere
kéeyasl amasé yerine, birim férén hacmi bakeén:
zorunlu keéel mekter. Birim férén hacmine d¢ke
KWh i ken bu dejerkWhgvi ksgrBuddaOmDRO68al ga Kk
daha d¢ke¢gk bir harcama yapél déjéné g°ster mek
¢i zelge 1. Mi krodal ga ve Et¢v Kegregnegn Kéyasl anma
. J Kér | epar Biri_m1 Tasarruf
Ker T(gzk{krar) d?;ag:;‘e e e q e e iy ke St e
(kwh) (kwh) S¢lenerji
Mikrodalga| 5 5.3 0.048 | 125 0.00384
Et ¢v| 720 4.4 2.560 | 123.8 0.02068 7993 eLa
4.GENELDEjERLENDKRME VE SONUC¢LAR
Bu -alékmada mi krodalga g¢- seviyesi vV e
ge-irimli geopoli mer betonlarén basén- dayan
330 ve 600 watt g¢- seavievel esntndgoyapelvmgretsée
et ki sinin incelenebil mesi amaceyl a 2, 5 vV e
Kull anél mékteéer . El de edil en sonu-1ar, et ¢v Kk
tipinde k¢rl emektir-iikn  emaerrcjainsain hedr camal ar & t
mal zeme ve deney y°ntemleri g°z °n¢ne al énde
s°yl enmesi me¢ mk¢egndeér

T 120 ve 330 watt g¢- seviyelerinde rnyapeéel an
beton ¢reti mi i -in yeterl:i dejil dir. Bu k
ger -ekl ekmemi Ktir.

T 600 watt g¢- seviyesinde 5 ve 8 dakikal ék
basén- dayanémlaréna sahip mekondagltgti kir
meée mkendeér . Ké¢r s¢resindeki artexkl a, suyun
d¢kek birim hacim ajérl éklara ul akéel makt a
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9 Et¢vde, 60AC6de yapélan 6, 12 ve 24 saat/|l

bas@damyanéml aréna sahip ge-irimli geopolim
T Mi krodalga k¢re¢g i le -0k késa ke¢egr s¢greleri
keyasla daha y¢ksek basén- dayanéména sah
cretilebil me&ktjedi ras&gref  var @ni se séraseéy
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¥ZET

Deprem ve yakattekl arénén travmasé ol duk- a

ger-ekldkeewomrasénda a-€&€ja -éeékan problemler g
probl eml erin en °nemlil erinden bir tanesi

kal dérél maséenda ortaya -€ékan ge¢reéeltegdgan. Yeéek
hasarl & ve acil yékéelacak yapeéelar mesk?%»n mal
birlikte bulunabil mektedir. Yékém ikl emini

haci ml i ve yYye¢ksek gereglteg -ékarmal pemadai hal
yapélar i-erisinde var olan ajér hasarl é& bi
ol ukan g¢relte dejerl eri ol - ¢ml er i yapél mécxk
-al ékéel mexkt ér .

Anahtar kelimeler: Ad éy aGvarng | t ¢ ki r il i7Ji, Deprem, Yeéeke

6 FEBRUARY 2023 EARTHQUAKES AND THE NOISE ARISING IN THE
DEMOLITION OF DAMAGED BUILDINGS: THE CASE OF ADIYAMAN

ABSTRACT
The trauma of an earthquake and what it causes is quite frightening. Althouginottess
occurs in a very short time, the problems that emerge afterwards are of a size that cannot be

ignored. One of the most important of these problems is the noise generated during the removal
of debris and damaged structures. Severely damaged, nedgedamaged and urgently
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demolished structures in the category of demolition can be found together with undamaged or
slightly damaged structures in residential areas. The demolition machines that will perform the
demolition process have a large volume higgh noise potential. For this purpose, in this study,

the external and internal noise valgenerated during the demolition of a severely damaged

structure within undamaged structures were measured and their effects on human health were

tried to be exjained.

Keywords:Adéyaman, Noise pollution, Earthquake,
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1. GKRKK
T¢rkiye tarihi ve cojrafyaséna bakeéel déj énda
K¢phesi z net bir ger -ektir. Ne yaepéli jkiindtea
Kahrama-Ramaaaegék mer kezlii 7.7 Mw ve sonrasénd

G¢neydoju ve Doju bl gelerinde yer alan 11 i

bi nal ar il e ulakém ve alt gapeetekieblecil bk
Dej i ki kl 17 Bakanl éj @é6nén verilerine g°re [
hasar durumu ¢i zelge 106de verilmiktir.
¢i zell ghRdéyaman KIi Bi na Hasar Dur umu
. Hasar Durumu
Bina S Orta Af ér Acil
Hasar| Az Ha Hasan Hasarn Yekel Yekeé
110354 38666 38576 4629 20201 2329 5953
Deprem sonrasé normall ekme akamal arénda baré

otaa] €ér hasarl é& yapdPag@&pmyéekeméekbeyeri ndmek

ajér hasarl é& yapeéelarén yerinde d°n¢kebil mesi
bir kekilde enkaz toplanma al anéna ul akteér él
-ékan toznsangamré&int yakam kalitesini ve -evre

Ul usl ararasé ¢caléexkma ¥rg¢te (1'LO)OGnegn yayeén

ger dli kgt me bozukl ujuna neden ol abil ecek veya
ol abil ecekkekilm nsdees |tearnoé ml a n ma k t aagalar hdlirtlg . Ses
yayél ém g°stermektedir. Ses °Il -¢m biri mi d
k¢-¢kl ¢l ¢ne glPre gerelte tasnifi yapél abil me

¢i zel gli ddet be¢gyekl ¢ ¢ne g°re ses séneflandé

Tanéme Dejeri (dB)
Cok Sessi z 0-30
Sessiz 3050
Orta derece ggr 50-60
Ger gl t el ¢ 60-70
Cok gereltel ¢ 70-80

13
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Gereltegye maruz kalan kikilerde sinir hali,
Ayréca g¢r ¢l tmarsuezviiyyeetsiinniinn avret maséna bajl e
gen-l erde konsantrasyon eksi kIl ifji ve °jJrenn
vicudunda sol unum, sindirim, o reme Ve ner
berakabil mektedir [ 4]

Yekemél ayraépn teknijine g°re késmen veya tama
faaliyetlerini ifade et mektedir [ 5] Yapél ar
raj men genel hatl ar éyl a gel eneksel vV e yeni
Gel eneksel y°ntemlerde insan g¢ce¢ il e yekem
mekani k ve b¢gyeéek haci mli i K makinelerinin ku
yékl enme tekni ji Il e yekém y°ademi [ yeni By°nt
yapeéel an yékeéem I KI emi nde ger el tg potansiyel
kull anél makt ader . Bu bilgiler dojrultusunda
sonrasé ajér hasar almek BbBlt¢sgyapempmheyekgmpa
sajleje ¢zerine olan etkileri elde edilen ve
2. MATERYAL ve METOT

Yékémé ger-eklextirilecek olan ajér hasarl é
l16deri |l mi ktir Yapeé 8 binalék bir site 1i-er
yakl akék 20 m wuzakl éktader Yékém i kKl eminde
yékémén tamamé 20 g¢nl ¢k s¢egrede tamamlanméext

1 y A
¥ S R \
| © Katmanlar \ ;

5

A ‘ '—.A‘.‘
PRATRRN: R

v N

08.06.2023 veya daha yeni

'
© = W AN
70m; Kamera: 1.235m  37°44'03'N 38°13'S9°E 668 m
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G°r 4delYék éme

yapélacak ol an bina

G°r elYekéem makinal aré ve yéekem ikl
Yekéem i kKl emi esnasénda g¢relte 1kl emleri ake
il e ger-eklexkxtirilmik olup kapal é ortam ve
ortal amasé al

énarak tespit edil mikktir
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3. BULGULAR ve TARTI k MA

Ger Pllt-¢¢mlerinin yapeldéejé ajér hasarl @ binac
°l -¢m dejerl eri ¢izelge 30te verilmiktir. |
ortamlar i -in el dde2 eddB |aerna sdéénipdeaa oa euple & jo& 3 3 3
ortamlar i-in el dée0O2ddBeardegedaaohlup]oerval c
el de edi |l mi ktir. El de edilen ortalama dejer
ortalama g¢relte dyaeS8anh ak 3¥%r 838t g8nghe( DYO)
i -in belirledif7gi 55 dBOol i k exkik dejerin alt
gerelte degzeyinin ise 98.33 dB il e bu séneéreée
[ 9 A- ek Irtaml aejder |l eri ol duk-a y¢ksek ol d
vV e -%z¢l mesi gereken bir sorundur . ¢ ¢enkyg
bozabil mekte ve otonom sinir sisteminin arac
k a baséncénda arteék), bulanté, bak ajreéesée v
arkadaxkl!l ar é, 2021 yeéeléenda yapmék ol dukl ar é
bul gul ar tespit etmiklerdiam RMyheevasn@ndarol
bi -al ékmada da g°zlenmiktir [10].
¢i Bl geekém s¢igrecinde el de edilen gereéelte Ki

Kapal & Ortam A-ék Ortam ¥I| -

¥l -¢m De Ortalam ¥I -DPDej er

¥ | ¢ m Ort al ama

(dB) (dB) (dB)

38 100

32 105
08.06312.00 37 101

36 99

40 101

33 90

37 96
12.0616.00 36 94

35 97

40 93

42 95

40 98
16.0620.00 39 100

38 101

36 107

Ortal ama 37.33 98.33

16
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D¢nya Sajléek ¥rgeéegteg' ngn (WHO) bul gul aréna g

insan sajlejée i-in en b¢ye¢k 1T kinci -evresel
durumunu, hastal ek veya sakaltlvedg ésno soyl arta dae-j €ed, .
Fyili k hal.i olarak tanéemlamaktader. Ger el tog
-evresel kKirletici ol ar ak kabul edi | mel i \
bakéméndan fi zi kselolvaea askt moesfedrliakn doéirré | kmarl | éedté
sajl éjena ve refahéna zarar verebilir; ekosi
Bununl a birlikte, geéer el te kirlilijJine uzun
kar di yovsats&l¢d kelrarh,a uyku bozukl ukl aré ve ol um
sorunl arée da -@3.taya -ékabilir [11

Aj ér ve orta hasarl é& binalarén yékem s¢grecin

anl akeéelabilirliJinmakatzaal tmatkadtas & zilléekt,i kt anh r ib
ol makta ve sajl ék hizmetlerinin kalitesini \
bozukl uj u, yakam kalitesini azal t makta ve ne

tansiyona sebep olabkktedir.

4. SONUC¢

Yékém sahasénda yapélan kapalé ortam ge¢r el tg
gereéelte kirlilijJi ortalama dejeri 98.33 dB o
kerma ve enkaz y¢kl eme akama((9a33dBDdan yal BSkag d ed
¥rge¢tednegn (WHO) kent |l ekmi ke khi°kd gded jeer iiniim -boe

ol duju ve bu seviyelerin hem insan sajl eéejeé
edilebilir dejerl erkiony futketsuirnde ol duj unu orta
Yékém kaynakl é& ge¢reglte kirlilijinin y°neti mi
tercih edil mesi, -alékma saatlerinin yojun n
gi bi pasif °nlemlerin uygulanmasé ©°neril ebil
Bu bajlamda, ajér ve orta hasarl & binalarén
b¢etenl ekmi K bir -evresel y°netimle ele al éen
yéekeéem planl amasénén ayr él maz bir par-asée hal

KAYNAKGCA
[1]. ¢evre, kehircilik ve Kklim DejixkikIlifji
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[2.C148-¢al ékma Ortamé (Hava Kirliliji, Ge¢gregltg
[ 3] . Deni z Bexi ktepe, Knkaat S iemedi: Bir kopnmutl e K a n
Kantiyesi °rneji, Kstanbul Tekni k | niversite

[4]. Sancini A, Caciari T, Rosati M V., Samperi |, lannattone G, Massimi R, et al. Can Noise
Cause High Blood Pressure? Occupational Risk in Paper Industry. Clia0Oldr;165(4):304

11.

[ 5] . tevre ve kehircili k Bakanl ej e, Binal ar
Tarihi:13 Ekim 2021.

[ 6] . K Knkaat, Yékém Metotl ar é, www. mt ki nsa
kubat 2014.

[7]. https://insapedia.com/bingkimi-yikim-yontemlerive-makinalartyikim-projesi/( Er i ki m
Tarihi: 20.01.2025)

[8]. WHO, 1994. Assessing humaralth risks of chemicals. Derivation of guidance values for

health based exposure limits. World Health Organization, Geneve.

[ 8] . G¢l tekin E, Develiojlu ¥n N, Yener M,
Di fferent Hospi t dTurkey,dlrk Acch Otolaryagol 510 1610K.st an b u |
[9]. Ozer S, Yilmaz H, Yexil M, Yexil P, 200

in the city of Tokat, Turkey, Scientific Research and Essay 4 (11)-1208.

[10]. Xyrichis A, Wynne J, Mackrill JRafferty AM, Carlyle A, 2018. Noise pollution in
hospitals, BMJ 363, k4808. 10.1136/bm;.k4808.

[11]. Grumet GW, 1993. Pandemonium in the modern hospital. N Engl J Med 328: 433

[12]. Choiniere DB, 2010. The effects of hospital noise. Nursing Admitictr@uarterly 34:
327-33.

[13]. Buxton OM, Ellenbogen JM, Wang W, Carballeira A, O'Connor S, Cooper D, Gordhandas
AJ, McKinney SM, Solet JM, 2012. Sleep disruption due to hospital noises: a prospective
evaluation. Ann Intern Med 157: 1-80
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B! K!M YI JI LMALARI NIN STRES VE YORULMA ¥ MR| '

Berkay MENDK
PHI Met al Ot omoti v Sanay
berkay.mendi@phimetal.com:t0009-000356330762

¥mer Faruk TALA
PHI Met al Ot omoti v Sanay
omer.talay@phimetal.com1100090001-27844313

¥ZET

Viraj denge -ubukl ar e, otomobillerin viraj

stabilitesini artéran °neml.i s¢spansiyon el
kuvvetine karké koymaWk ekrmaeadaylba, bsaji nee bsadgll s
sénérlarl ar ve aracén ajeéerlek merkezini y el
gel i kimiyle birlikte otomotiv sekt®r¢nde par
Bu dojrultwda,zmudkakdmri ni koruyarak daha h
arakteéermal ar yapél maktader. Bu -al ékmada, b
sérasénda olukabilecek b¢gkegm yéjél mal ar énén
czerindekil eri incel enmi Ktir. Be¢kem yejél mal
(b¢ k¢ m) prosesi séraseéenda olukabilen | okal

ol umsuz y°nde etkileyebilir. Bu ama«xl| &, rbg¢k
denge -ubuju ve b¢kem yéjéel maseée i hmal edi | m
numune ¢zerinde y¢zey geometril eri taranar al
edi | mi kK, ardendan yorul ma ° mri¢l eknarskoénlua-kltaérr, m
yeéj él mal arénén °zellikle y¢ksek stres konsa
°] -¢de azalttéejéené g°stermektedir. Bu bul gu
kontr ol adéml aréenén optgiemiiz ebieddiilrmenslie ra -séusnenm:
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Anahtar Kelimeler: Denge - ubuj u, Be¢kem yéjéel maseé, Stre
mekani i

GKRKK

S¢ré¢k esnasénda emniyet ve konforu birlikte
s¢spansi gpoe maingdtaem@indan biridir. Denge -ubukl
en °nemli n embenrelve rail .6 Wi°magjkll é&r de, ani frenle
artteéerarak savrul mal aré ve devri |l meagbsorbe nl e me
ederek konforlu bir s¢ré¢k ve yolculuk temin

ol an ara- dfr¢nmektedir.

DENGE

Soj uk
f or mun
yapél é
be¢keém
CNC by¢

G°rsel 1. Denge -ubuu ol mayan ve ol ar

¢UBUJU ! RETKMK

b¢e¢kem operasybonndal I-aablbhikkam, t €ENGECOh I ar
a getirilir. Hi droli k sistemle -al éxkar
r. B¢e¢kelen -ubukl ara mastar kontrol ¢ vy
operasylbam BRIrasleaardiandeg b¢ke¢e¢m yéejél mal

k¢m maki nesi ve -ubukta [d]l ukan b¢gkegm vy
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G°rsel 2. CNC b¢gkegm maki nesi ve -ubukta ol uka

Bekem Yéj él masé Nedir?

Beksmrasénda beg¢kem kal épl aré arasénda kal an
etkisiyle kal énl éjénén azal masé, dijer tar a
artmasé olarak tanémlanabilir. G°r she®ll g&. ¢ ek

gor ¢l mektedir

Cekme gerilmesi '
olusan bolge \'

Basma gerilmesi

olusan bélge

G°rsel 3. ¢ekme ve basma gerilmelerinin
TASARIM
Bekem yéjél maséenén etkilerini g°rebil mek i -
b°l gesi inceltilmik bir data il-ei zb kg m VB&Jjks
i ncel mesini bul mak i-in b¢ké¢m esnasénda -ubu
stres ile gerinme miktarée bulunmuktur. Hes a
G°rsel 4 . Béekem i ncel mesi adiran ve ol mayan -u
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G°rsel 4 . a) Bekem i ncel mesi olan -ubuk. b)

ANALK?Z

Cubukl ar én anali zi i -in Seéner kokul |l ar é be
-ubujunun ara- ¢zerindeki konumlaré ve kuvve
Cubukl ar én czerine braket mont aftanan Bb%lege
noktal aré sabitlenmiktir. Ardéndan A ve D n
-ubujun maksi mum kartlarda -aléektéjeée simg¢gle
performansa -al ékan bir dengeni Ktubuoj umsdmsaha
-ubujunun analizi g°r ¢l mektedir

22
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G°rsel 5. a) ¢ubuja uygulanan deplasman. b)

3. SONUC¢LAR

Bekem yéjéelmasé ol an ve ol mayan denge -ubuk
dej er ilnidze yaanpa€é | me Kkt ér .

Bekegm yéejéel masé ol mayan denge -ubujunda str
b°l gesinde -ékméxktér. Maksimum stresin o be©°l
stres b¢gkegm bl gesinin i-indeé+ekm@utsed. 6Mall
yéjél masé bulunmayan -ubujun analizi g°r ¢l me
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G°rsel 6 . Bekegm yéejélmasé bulunmayan -u
Stres anali zi sonrasé yorulma °mr¢ hesapl am
©zg¢ ol makl a beraber -ubujun geometrisine deé

maksi mum stres 4iNaleZermesyiend®ezgycer$ ne Kkaoamar ak
Hesapl amal ar sonucunda yorulma °mr¢ 4N8. 750

ejrisi geré¢nmektedir

S-N Graph 1700MPa

1050

950 \\

gsm \\

@ 750 \

& 650 \ I

550 Kﬁ

450

o 50.000 100,000 150,000 2000000 250,000 300.000
Life Cycle
G°rseN &@]Jr Bsi

Bekegm yeéejéel masé ol an denge -ubujunda stres a
-éekméexkt ér . Ayr éca maksi mum stres b¢e¢kem bol
i ncel mesi b¢keém dekeénda ol dujundan maksi m
beklenm& t edi r . Maksimum stres 888, 6 MPad deér
-ubujun anali zi ger ¢l mektedir

24
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bul unmayan -u

Stres anal i zi sonr asé yorul ma °mr ¢ hesapl a
mksi mum stres mbAl 2¢dgmeye nflegyeBine konar ak
Hesapl amal ar sonucunda yorulma °mr¢ IN. 687

ejrisi g°r¢nmektedir .

S-N Graph 1700MPa

1050

950 \

850 \\

750 \

650 \ I
550 \&

450

Stress VIPa

0 50000 100000 150000 200,000 250,000 300.000
Life Cycle

G°rseN 8]r BSsi

4. GENEL DEJERLENDKRME

ABekymjel malé ve begkem yéjéel masé i hmal edi

farké meydana gel mi ktir.

AB¢g¢kem incel mesi maksimum stresin olduju b
Bekem i ncel mesi ol mayan -ubukta maksi mum
yéj ekmaaul unan -ubukta maksi mum stres bg¢kyg

25
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A Stres

farkéna i stinaden

b¢e¢kem yéjél maseée o

1 KAYNAKCGCA

1] Ezgi, E.

(2012) .
Prosesi

Otomotiv End¢gstrisinde
ndekir mearOklta m$ amrtelnemnt iYor ul ma Davr anéK

[2] https://insideautosperu.comftearraestabilizadora/
(Erikim Tari hi:27.05.2025)
[3] https://www.machinemfg.com/methoflsr-bendingpipes/#google_vignette

(Erikim Tarihi:27.05.2025)

26



o CONFEREgr,
5 ;’c

Y
ok

......................

SELCUX h1l I NTERNATI ONAL CAORFEISENERCES
May -28, -KON5 A
Proceed -h§BNBWSBKR-59 6724

VKRAJ DENGE ¢UBUKLARI NDA Y| ZEY KUSURUNUN YC

ETKKSK

¥ mer Faruk TALA
PHI Met al Ot omoti v Sanay
omer.talay@phimetal.com 410009-0001-27844313

Berkay MENDK
PHI Met al Ot omoti v Sanay
berkay.mendi@phimrial.com.tr- 0003000356330762

¥ZET

Viraj denge -ubuklaré otomobilin viraj esnas
esnasénda merkez ka- kuvveti il e viubajan i &Kk <
tekerl ek arasénda bajlantée kurarak araceén s
Il erl emesi ve el ektrikl: ara-larén gel i ki mi
konusu ol maya bakl améxkt érul |Yaapéd laann paarra Katl éarr n@
toklujunun artmasé yané séra par-alarén hafi
-ubukl arénén yorul ma °mr¢gneég °neml °l - ¢de et
yézeyinde bulunmek&ospuprhian goyasemagereji yor
et kil ememektedir. Denge -ubuklaréenéen ajéerl ék
gerekmektedir. Bu -al ékmanén amacé denge -ub
¢ reti mindcee ko lauykraébciad edenge -ubuju cretiminde
-ubujunun yorul ma °mr¢gne et ki si incel enmi Kt
irbirinden farkle °1-¢l erde ve geometride
Bulunew %gsurlaré yorulma °mr¢ne et ki si ar ack
Anahtar Kelimeler: Yor ul ma ° mr ¢, Denge -ubuj u, Yor ma

Mi kroyape.
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www.akadumikengre.arg

Viraj denge -ubukl ar é otomobilin s¢sSpansiy
g°r ¢kmekt édiil u.nanArhe-ltissel yay gibi yolda bulu
uygul ayan fenomenlerin olukturduju kuvvetler

yolculuk yapmal aréné sajlamaktader.

G°r 8&itajDenge C¢Cubuj u.

Ayréca aracén iki tekerl eji araséenda bajl ar
°nl emekte ve aracén daha iyi yol tut maséeneée s
il e ara- virajén aksi y°n¢gne sasasul maktkadé&n

uygul ayarak 2 tekerlejin ayné dojrultuda ol nm

denge -ubujunun konumu g°r ¢l mektedir [ 1].
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£
H
H

G°r delViraj denge -ubujunun ara-taki k ol
Viraj dengikl evuibudkermaejei isert ! ijJi korozyon di
ol mal edéer. G°rsel Viraj denge -ubuju s¢spans
uzun ol masé beklenir. Bu kokull arda viraj d e
beklenir. Yor ul ma ©° mr ¢ n¢ etkil eyen bir-ok et ken
-ekirdekl enmesi -ubujun y¢gzeyinde baxkl ar ve

-ubujun y¢zeyinde olukan yg¢égzey kusurl ar é, |
yorul maetikmrfieyen parametrelerdir. Denge - ub
boru c¢retiminde -ubujun yg¢gzeyinde kusurl ar

-ubujunun yorul ma °mr¢gneg olumsuz y°nde et kil

2. YARI MAMUL | RETKMK
Yamamul ol an boru ¢reti mi sa- par-alardan yaj

makar al ar yardéemeyla boru kekline sokul ur. B«

Ardéndan sojuk ol arak -emasérg° Grmekt 8didbde[ &

29
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slitting

Leveling

Uncoiling

PRecoiling Uncoiling

Electric Resistance Welding
Inside and Outside Flash Trimming

Roll and Gage Forming

a e
_.' Leveling —L Coil and Welding [ '

Coil Accumlator

Ultrasonic
Inspection of
Uncoiled Strip Edge

Pea o

First Ultrasonic ﬂ : : : I
- ~
N — it — e —
Straightening Flying Cutting Sizl::\a
voeone [N _... i _.m
Inspection Inspection Measuring Coating
=
kelkbi |l Boru ¢retim kKemasé [ 8]
Boru ¢retiminin il k akamasé bant dil me akamas:é
mer danel er yardémeyla boru Jdlogimuoneveyarel &lotn
kenarl aré ergitilir en sonda bulunan kaynak
i Kl emini ger-eklexktirir G°rsel 4.6te kaynak
(a)

(b

sargilan

_ Akim
Sikigtirma rulolan

" Borunun
ilerleyisi
Ger 6elKaynak i kKl emini
frekans

n

Kemat
ind¢gksiyon

30
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Yuksek frekans
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Kaynak i kleminin °nemli parametrelinde biri k.
durumlasdabounun 1 -inden ve dékéndan -ékan ergiyik
i stenen °I| -¢ler karkél anamamaktadér . Baséncén
oksidasyon gi bi probl eml er ol maktaidmer kaymakp
mer danel erinin basén-|aré optimum b°l gede ol

oksidasyon ve bokluklar g°r ¢l mektedir [10].

G°rsel 5. Kaynak hatasé [10].

Kaynak i kKl emi yapél erken indg¢gktor borunun t a
yapél acak kenar késéemlaré dékénda borunun ken
yol u). Sacén tamamé éséndéjésadeone ygkagerak gya
kenarl|l arénén ergimesi istenir. G°rsel 6.6 da
bl gel er borunun formu bozmakta ve y¢gzey kusi

i stenmemektedirgeBmegrobl ami mpedgnekul |l anél ma

G°rsel 6. Kaynak yapeélan sac par-a |
Ardéndan merdanel erin baskeéesé ile i- ve deécxk
kazéneéer . Bu iklem i-in i- veedmédmdkeasmont ak®
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fitiller temi zl enirken kesme takémlarénén Kkoec
kesme takémlarénén borunun i1- ve dék y¢zeyl

°mr¢neg olumsuz y°nde etikika®zémaGlirsled mi7 . g Katyen
Kaynak fitili kazéma ikKkleminden sonra tavlam
i -in nor mali zasyon tavé yapél maktader. Nor

izotropik hale getirilmektedir.

G°r §el Kaynak fitild@ kazéma [9].
Kaynak i kleminden sonra boruda meydana gel er
I Kl emi yapeélér. Form verme iKleminden sonr a
-ap ve kalénlek °l-¢géekméenekhbemi ndhekborunsepi
-apeée ve et kal enl ] é& de¢egker gl ¢r. Bu proses nm
merdanel erin °m¢grl eri vardeéer . Merdanel er de

yézeyinde de kusmekbedirseb®&buywanh kKesurl ar é

yorul ma °mr¢ng azal tmaktadeéer .

3. NKHAK ! R! N ! RETKMK

3.1 Sojuk kekillendir me
Pl astik kekil verme sojuk kekillendirme ve s
Kekill endirmenin avantajé kekil verilecek pa

kuvvet alfa ferrite nazaramaydaksédgkeldi gi. yR

sérasénda ©°stenit sécakl ejéenéen alteéena ikl em
mal i yetl: bir i1kl emdir. 2 . Kkl em ol an sojuk
mal i yeti daha.dpPpezlkhvhnt apeoseegtkekil ver me p
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ol - ¢l eri ve Kekil verme mi ktarée sénérl éedeér .
S°z konusu ol an denge -ubujunda maliyet ve d
I -ijnuksokeki |l verme y°ntemi kull anél mékteéer .
3.2 Sertlexktirme

kekil veril mik boru yorulma °mr¢gnégn ve akma
sokul maktadér. Isél iklem prosesinde par-a ©°

¥smiete al énan par-anén k¢gbi k yapesé HMKO dar

fazla karbon -°9zd¢j ¢ i -in olukan karbon - °ke
sojutulur ve -°kelti ol uxkmaz. K-erijivedeki k
HMTO6 ye d°ng¢keér. Kafeste olukan distorsiyon
martenzit ade verilir. Martenzit gevr ek bi
sertlektirilen par-a temperlenir.

3.3 Kumlama ve Boya

Sertl exrt-iar i y @neypiandeki oksidasyonun nedeniyl
arttéeréel masé sebebiyle kumlama prosesine girtr
bilyeler péskertel ¢r . Bu bilyeler yézeyden

y ¢ 2 enyi peécreéezl e hale getirerek boyanén tutunm

proses ol an boya prosesi gel mektedir. Boya
-ubujunun boyanmasénén 2 sebebi vardek. 1. s
2. sebep ise daha estetik g°r¢nmesini sajlam

3. DENEYSEL C¢ALI kMALAR

3.1 Yorma MekaniiJi

Yor ul ma kér él masénda akma mukavemetinin al t

g°r ¢l en kéerél mader . Teori k ol arak bir par-a
kuvvetl ere mar uz kal masé gerekmektedir. Y C
mukavemetinin ¢steéegne dahi -ékmasée ger ekmemek

maruz kalan par-anén y¢zeyinde mikro kaymal
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bantl aré g°r ¢l mektedir. Bu ol aya araét |lyaokr u-Ilenka
°mr¢neg etkileyen °nemli parametrelerden bir
bandé olukumu &engell enmelidir. Par-anén ve
yorul ma direncini arttereéer . nAgyerlélcean nye¢ ziedyidre.

ol ukan dekarbg¢rizasyon par-anén y¢gzeyindeki

Extrusion

Intrusion

G°rsel 8. Kayma bantlaré [ 13].

Olukan mi kro kaymalar =-atlak -ekirdeukdrer i dir
ol ukmaktadeéer . Cukurl ar én ol duj u b°l gede b°
-éktejenda -atlak il erlemesi baxklar. G°rsel
dé¢zensi zIlijin olduju b°l gel erde ey gles eiks ed edjge
dejerl erdedir. Par - anén iczerinde mevcutt a
g°stermektedir. Yorul ma direncini artter mak
parametrelerdendir. Par -anén |lydgzewadrnulemab u m

dée¢kKegrmektedir .

O

M

o 2g, _ Ongr

G°rsel 9. ¢entik etkisi [12].

3.3 Yorulma Testi

Yorul ma direncini °l -mek i -in yorulma test:i

mukavemetinin alténda sabigygyua adar alej - ekenm

34
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°]l - ¢l mektedir. Viraj denge -ubukl arénda yorn
denge -ubukl aré tasarlanérken Jlastijin maks
hesapl anér . Yorul ma yepéli éde bBustabé&emaede:
yé¢zey kusuruna sahip denge -ubuju yorma test

test cihazeée g°r ¢l mektedir.

G°rsel 10. Mekanik yorma test cihaz
4. SONUC¢LAR VE DEJERLENDKRME

Y¢ézeyi ndeunkauns udr abduel t par-a yorma testine tab
yorma test cihazénda yapél méekteéer. Stroke dej

-ubujun g°rseli g°r¢l mektedir.

G°rsel 11. 77719 -evrimde keéereéelan denc
Yorma test.i sonrasé -ubujun kéerek par-aséna
makro analizlerde kérélma baklangé- noktasé

yézeyine bakel dej énda kusurl ar kg°wvel ngeeknti exd i
°l - ¢ml er i i -in kerél ma baklangécéndan par -

analizlerde mikroyapénén istenilen ¢zere te

35
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boyutlaré ©°|-¢ld¢jende ise garnirkl iGrksel 0,12d

-evrimde kéreélan -ubujun makro ve mikro anal

a

G°rsel 12. 77719 -evrimde kéreéelan -ubujun ker
b) Mi kroyapée g°r¢é¢nt ¢égse.

2. par-a mekani k yormaitesStcbkazdegarteft 3¢
101646 -evrimde kéerélan -ubujun g°rseli g°rg¢

G%rsel 13. 101646 -evrimde kérél an den

101646 -evrimde kéreéelan -ubuja makro anali z
ol duju¢ggPgegegl mMakro analizIl erde kéereéel ma bakl a
ol duj u gor ¢l megkt gr . Ayréca i - yézeyinde k u
analizl erde mikroyapénén temper martenzi't ol
edilen kusurlarén boyut analizi ya@pPél mext &d i
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ise 64 O ol arak °l01646- engrkitmpde Ke@rmré&sledn 1-4ubuf ut

analizleri g°r ¢l mektedir

a b

G°r sellol6464evr i mde kér él an -ubujun kéreéelma b°l g
b) Mi kroyapée g°r¢é¢nt¢ése.

3. par-a mekani k yorma test cihazénda test e
347004 -evrimde kéreélan -ubujun g°rseli g°r¢

G°rsed4710604 -evrimde kérélan denge -ub

347004- evri mde kérélan -ubuja makro analiz yaj
ol duju g°r ¢l megkt gr . Makro analizlerde -ubuj
analizlerde i - ye¢zeydde mkusur. oKdsjpol dare&smpi bc
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geni KO, kdelli nl i k 28 O ol 84760& e°vir-i gridnes kktésrrée.l a®

makro ve mikro analizleri g°r¢l mektedir.

a b

G°r se¥470046evri mde kéereélan -ubujun kéerélma b°l g
b) Mi kroyapée g°r¢é¢ntégse.

4 . par-a mekani k yorma test <cihazénda test
kéréel maméckt eéer . 568139 -evrimdel mgkrkmgr te6lrse
568139 -evrimde test cihazéndan sajlam s°kygl

G°r sel 17. 568139 -evrimde test ci hazéndan

568139 -evrimde yorma test ci hazéendan sajl
maksi mum ol duju b°l geden kesilmiktir. Al énan
mi kro analizlerde -ubujun mikroyapésé tempe
kusurl aréna bakeéeldejénda ise y¢gzeyde kusur a

go°r ¢l mektedir.
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G°rsel 18. 568139 -evri mde

sajlam s°k¢len -ubuj
ger¢é¢nt ¢sé.

5. GENEL DEJERLENDKRME VE SONU¢LAR

Yoruma testi sonrasé incelenen par-alareéen i - vy
°]l - ¢s¢ al ende. Derinlik wuzunluju genikli]je
arakteéeréldeée. ¢izelge 1.06de -evanmasayesei |l e
¢izelge 1. Y¢zey Kusuru ve Cevrim Sayéseé.
¢evrim S Geni kIl i Kk DerinlikDerinlik
77719 14 18 1,28
101646 70 64 0,91
347004 46 28 0,60
568139 0 0 0
Sonu-1lar irdelendijinde kusurlarén derinlik
etmedijJi g°r¢é¢l megktegr. Derinli k geniklije ora
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-ékmaktadér. Derinlik [/ genixklijirerydrmuilkma reo
Grafi k yorumlandéjénda Derinlik [/ Geniklik o

600
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G°rsel 19. Yorulma °mr¢ kusur boyutl areéer

KAYNAKCGCA

[1]

[2]

[3]

[4]

Nguyen T., Hoang T., Review on The Stabilizer Bar Equipped with T¥ehicle
Mechanical Engineering Research and Developmslagembey 44,6,2021.

Ucakkuk,ol ¥mer | i Su Ve Ya]j Sertl ektirme

¢arpél mal arén Boru Denge ¢Yucbkusjeuk YLoirsua nnsa

Kocael i ''niversitesi, Fen Bilimleri Ensti

Kel éBgke¢eHl ¢ Rot Kol | arernidmai mB gYko,rnu IPraa a¥hmert ¢ r
Kncel efrgrkesseik, Li sans Tezi , Nijde ¥mer Hal:
Enstite¢gseg, Nijde, 2022

Nguyen D.,Dang N., Tran, T.,Hoang T.,Nguyen T., Effect of the Passive Stabilizer
Baronthev e hi c | e 6, Mod8lingand Simulatipn in Engineerinllay, Article
ID 5523012 2022.
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[5] Zhang P., Xu, B., Zhou S., He, L., Fatigue Strength Analysis on the Automobile
Stabilizer Bar Based on ANSY$he Open Mechanical Engineering Jouydanuary,
619623 2015.

[6] Wittek, A., Burdzik, R.,Folega P.,Konieczny L., Lazarz, B.]nfluence of Production
Process and Material Factors on Fatigue Strength of Tubular StabilizéwrBaiyes of

Metallurgy and Materialslanuary60, 04022015.

[7] ¢ al &k kKa.n, l'nl ¢soy, Y. ve Daj, S. , Ot omobi |
Analiz, OTEKONG6 04 Ot omot i v TeRIPpBurea, 2004e r i Kongr

[8] https://tr.victorysteelpipe.com/info/erpipe-manufacturingprocess/0718877.html

(Erikim tarihi: 26.05.2025)
[9] Yavuz,S.T¢r ki yede Boru | retiminde Kullanél an
incelenmesiBi | i m Uzmanl éjé& Tezi, Karabg¢k | nive

Kar abg¢ k, 2007

[10] Orhan, S.,Y ¢ ks ek Frekans Kaynaj é KIl e Birl exkt.i
¥zelli klerinigrkskkc dliessramessiTezi , Sakarya ;
Enstite¢gse,. Sakarya, 2008

M) ki rin, K., ki.pyregrk,s ek. Fre kkaanlsu -K.ndgE.k,si yon Ka
Y°ntem Parametrelerinin K&aymk Keknblojistli Kk ¥z e

Ulusal Kongresi, 132447, Ankara, 1997.
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¥ZET

Bu -al eékmada, PVP (Polivinilpiromazmetery sent
farkl & oranl ar dtar &k a-rekitm rye% mtrearki wlee efl &erkk | & -
besl eme héze, besl eme mesafesi ve uygul ama ¢
(toplayécé) vasetaseéeyla toplanarak nanol i f ¢
hazéerl anmékt ér . El ektroejirme (elektro -ekir
voltaje 17+1t0p0ayeéte, arpeé mesafe 12 cm, bes
silindir devri 500 dev/ dak ol aruphkrantetielmindeney |
belirl enmesi i -in hem daha °nce yapél mék - al
neticesinde se-i |l miktir. Bu -al ékmada, el
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konsantrasyonlardaki PVP/Kitosan/Bi®@ ano | i f | e r i nisimn incelenmegindeno r f o |
ve mikro yapénén tespitinde °neml:i analizle
karakteristik °zellikler belirlenmickktir.
Anahtar Kelimeler: EI ekt roej i rme, nanol i f, PVP, Kitosa

INVESTIGATION OF MICROSTRUCTURES OF NANOPOLIVE COMPOSITE
SURFACES CONTAINING PVP/CHITOSAN/TIO2 PRODUCED BY
ELECTROSPINING METHOD

ABSTRACT

In this study, PVP (Polyvinylpyrrolidone) synthetic polymer was mixed with Chitosan and
TiO2 materials at different ratios and different solutions were used by electrospinning method
and collected under constant feeding speed, feeding distance and application voltage
conditions by means of a rotating cylinder base (collector) to produce nasofibfferent
solutions were prepared while producing nanofibers. In the electrospinning (electrospinning)
process, the application voltage was kept constant as 17,000 volts, the-codledter

di stance was 12 c¢cm, t he f ellecthicyligderspeedevas5@as 50
rpm throughout all experiments. These parameters were selected as a result of both previous
studies and preliminary experiments conducted in this study. In this study, characteristic
features were determined by SEM and ED4lgzes, which are among the important analyzes

in the examination of the surface morphology and determination of the microstructure of
PVP/Chitosan/Ti@ nanofibers with different concentrations obtained by electrospinning

method.

Keywords: Electrospinning, nanofiber, PVP, Chitosan, 710

1. GKRKK
Bi yomal zeme; canl él arda kullanélan ve v¢cul
kull anél an doj al veya sentetik yapél ardeéer.

herhangi bir doku, organ vib. i r durumuyl a yer deji ktiren ve
i yilektiren bellli bir s¢re kulGegavreanl B2kétl 4e)n  d

génegmegzde %100 bi youyuml u bir bi yomal ze me
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kull anél acaj e Kartl ar a gerezede-dikrmier iynapeéelyn
kull anél abil melidir. ¥rnejing; Pol i merl er k a
mal zeme yapeéeménda kull aneéel érl ar.

G¢negmegzde, teknolojik -ok heéezleée bir kKekil de
nanoteknb o j i alanena daha -ok y°nel meye neden ol
teknolojinin gelikmesiyle raflarda yerini al
gi rmeye baxkl améxteéer. Nanoteknol ojthkhI|l grmal ar ¢
tarém, savunma sanayi, | mpl aaktlarré msginksic rdierr-

kul | anél may(aalebna et bl.a220268) &Rathecet al. 2022; Saritha, Anju, amdaku
2022; Singh and Kaur 2023)

K¢-¢k -apl é ol malarénén yanénda k¢-¢k g°zen
b¢yek bir dejeri vardér. Bu ©°zellikleri saye
sahiptirler. Mikro boyuttakilit r i el de et mek i -in farkIl & nanol
kull anélan y°ntem elektrospinning (el ektro e
bel irli bir hastal é@&jén tedavisini hedefl eyen

ve hatt a canl e k °k h¢e¢cecrelerl e dol dur ul muck

edil ebil mektedir. Bu yapeéelar tedavi b°l gesi
mal i yetle daha et kil bir iTyilekxme ger-ekl ek
Biyopolimerler, sahipbdu k| ar & fonksiyonel °zellikler ne
sahip olup stabilizat°r, jellextirici, bajl a
takéyécé ajan ol dKaknkal laaneé |KBazkgtagndé2idnxe3r)l er
géenegmegzde ticari olarak kull anél makta. ve ge
Met al, serami k ve polimer gibi biyouyumlu ma
¥zelli kle Doku iskelesi uygul amal arénda al ji

bi yobozunur doj al pol i me rko-glikolik\ast, pplietilenglika,p r ol a k
polivinilalkol ve poli¢retan gibi bKglodm-zun

Tomar , and . ¢ Djoljarl 22®I7)mer | er Dbilyaaakt ibfi/yboil yog

ki myasal ol arak doj al dokul ara benzerlikleri
doku i skel esi creti mi Il -in sénérl e sayéda ¢
doku iskel esi creti mimaktianépek Buoknemet bar ka

e ] 1 r fCardand Ersoy 2014)
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Bu -al ekmada el ektrospinning y°nt emi il e n
bi yokompozi't yézeyl er creterek gerek wvgegcut
ger ekseorfrdrakldéa ft ép, bi yomedi kal ve doku m
kull aném i mk©né bul abil mesini sajl amakt ér .
polimer matris malzemesini Kitosan/TiOl e t akvi yel endirerek nanol
yapél acakteéer. El de biyokompozitlerin mikroya

dej i ki mler.i i ncelenecektir.

2. DENEYSEL C¢ALI KMALAR

Bu -al ékmada, kompozit ma]l]KiosandiQbraeemeb | ia+ iak
kimya firmaséndan hazér temin eginlimi Ktzierl.l i R
Tablo 16de verilmicktir. Kitosanén par-acék b
Deneysel -al exmal arda FYTRONI Xée lmacDémnegsele | e kt r
-al ékmal arda keki |l 16te g°sterilen FYTRONI X
El ektro -ekim ikleminde iklem paramepltayeceéen
arasé mesafe 12 cm, Dbesslielmen dhiérz éd e5v0r i OI5 0d0a kd ew
deneyl er boyunca sabit tutul muktur . Bu para
yapél mék -al é&kmalar hem bu -al é&kmada yapeéel al

t¢em deneyl erde Vel manAyreetxi kmakrakraé k @ Naadifiere e | keu | |

cretilirken 3 farkl é& deney yapeéel méise Eml . 1 no
olup 2 nolu deneyde PVP 10 ml, Kitosan 1 ml, Zi@nl, 3 nolu deneyde PVP 10 ml, Kitosan

2ml, Tiol ml 6dit PzePWViPsI hazérl amak i1 -in en yayd
Et il al kol (Etanol) + Saf su karéexkémée kul | ¢
-%zmek i -in %80 etanol /I %20 saf su orané ki
%5 (w/v)olarakb el i rl enmi ktir. Yani 10 ml -%zel ti h a
i -erisine Lante Mh Hassas cep terazisi kul | a
I K1 emi | aboratuvar Kartl arénda 2 saat boyu
karéektérélarak yapél mék ve b°ylece %561ik PV
¢izelge 1. Deneyde kull anéelan PVP ve Kitosan
Ki myasal A(Poliinilpirolidon | Kitosan
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CAS 9003398 9012764
Mol ek ¢ | F o 1 (C6H9NO)n C12H24N208
Mo | e&j¢dr | €7|1.300.000 208

Eri me sécal>300 102,5
Yojunlu® (¢1.2 1

Renk Beyaz Beyaz
Hassasiyet Higroskopik

Viskozite (cp) 20-300
Fiziksel Form Toz Toz

Deneyl erde kNahagedfain fTiOmaseée (T¢rkiye) tar

bilekijin °zellikleri Tablo 26de verilmicktir

Tabl o 2. Ti O26in °zellikleri

Par -acék bo|200nm
CAS 1346367-7
Safl ék ( %) 99,5

¥zgel ajdril|4an

Ke¢tle yoj B)n|ll
105AC6de ka|06
Yaj so]j uY/ghal18/100
Su gereksinimi (cAvg) | 25/100

Mi kroyapé incel emel eri i se Munzur | niveriste

Scios 2 LoVac model SEM ci hazé yardéemeyl a ya
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kekitlalle.k mada kull anélan elektro -ekim

3. SONU¢LAR VE DEJERLENDKRME

Yapélan -amakmadan®V® 0.5, 1 ve 2 oranl arén
ekl enerek nanol i fli pol i mer esasl e biyokomp
oranénén dejikiminin mikroyapé Jdanaudemey ek i e

Kartlgare& iillem pol i mer kompozitlerin mikroyapd§é

. Spectrum 21

Ti

Powered by Tru-Q@

0 2 4 ] 8 keV
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k e k i980.5 Ritosan, %1 TiO2ve %10 PVP Poli mer kompozitini
EDX analizi

Takviye ol arak %0.5 Kitoslkin®reme syianiélser ar gtaipl
mi kroyapésénda | iflerin rastgele yapélandejé
kompozitin s¢rekli t¢e¢m bl geyi kapl ayar ak s
ol ukumunun mevcut( @rladmutj uetg®ale¢.l mMyga ;r Mata et
Winnicka2015) Yer yer meydana gelen boncukl anmal ar
g°r ¢ | mBhardwajrand Kundu 2010; Grant &t 2021) SEM g°%°re¢nt gl eri,

i fl erin -ap, mor f ol oj i vV e daj el em a-éseénc
g°®stermektedir (Yu et al ., 2005; Kim et al
bil eki mini doj r ICNaOmaeklteamewne | ®z e Inli ink ldea] €1 é mé
yapéseé il e(Gramt etalk202l kMaw étialk 202Benzer oranlar, Kitosan /PVP
kompozit sistemlerine TiO ekl enen dijer -al
kekil 36de ise 2 nolu deneyeerdiltmeEEMdg? r ¢ 1Y
Kitosan oranénén %loe -ékarél maseéeyla ¢retile
SEM g°re¢nt ¢l erinde I s e (kekil 3) d¢zenld i
boncukl anmanén meydana gel meedcig ki yvaep émeénmb real nd «
gor ¢l megktgr . Ayréca ¢retilen kompozitin i S €
getirerek s¢reklii yapéya sahip kompozit ire
deji kmesinin yapéenén ©°r cayeterg matrisind leoinpozsyonund i J i
deji kmesiyle beraber °zellikle Kitosan én mi

bir faktor ol duj u sonucuymlae kvtarroéslpmenk t ¥ nt e |
n a
gO

noliflerin d¢gzgeén, daj el mayan ve boncukl an
S
ol ukturmuxktur . Bu durtuan, i-I°egteddnlniik we guasz ey
h

termektedir. Lifler d¢zgen bi-i mde birb
sahip oldujunu ortaya koyar. Literate¢rde de
destekl edi i, Ti O ekl enmesinin ise yapeye
(Deniz et al. 2011; Mata et al. 2022; Rinaudo 20@8)S analizi ise nanoliflerin elementel

bil ekimini dojrulamaktader.
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‘ 7-——‘"——-;’-(“‘_- - e Spectrum 16
s T - e
S

HFV

O HY ' det mode mag @ WD A dit b
IXY 10.00kvV 0.10nA ETD SE  2500x 63mm 829um 0.0°

k e k 191 Ki®bsan ,%1 TiO2ve %10 PVP Polimer kompozitini
EDX analizi

PVP ve TiO2 oranlarée sabit tutulup Kitosan

boncuk ve topaklanma olukumunun artteéje, | i

daj él eémén ol madéjée belirlenmiktir (keki |l 4)
el ektrospin parametrelerine ve Ti O daj el & mé
gel diji ve miktarl arénda ise ard@&mxant gnayydana
cretilen poli mer kompozit b bdzeé kba°pll gaenlnedrkat ed r t.
(boncuk «keklinde) yapéel ar ol arak g°re¢negyor .

g ° st e (Bernhabiles et al. 2012; Deniz et al. 2011; Ramakrishna et al..2006)

B Spectrum 12

T det mode tilt

g HV u det mag @ WD HFW i ;
I3 10.00kV 25pA ETD SE 2500 Amm 829pm 0.0°

k e k 192 Kitbsan ,%1 TiO2ve %10 PVP Polimer kompozitini
EDX analizi

49



o LONFE R[ﬂﬂ.
¥ s e,

ACADE gy
%,
ok

SELCUX hl1 I NTERNATI ONAL CAOARFERENENCEIS$
May -28, -XKOON5YA
.................... Proceed -h§BNBWSBKR-59 6724

SEM ve EDS analizleri, PVP/ Kitosan [/ Ti O kK on
bir yapéeéya sahip oldujunu ve t¢gm bilekenl e
g°stermektedir

4. GENEL DEJERLENDKRME VE SONU¢LAR

Yapél an -al ékmada, farkle kompozisyonlarda n
el ektrospinning y°ntemiyl e cretil mi ktir. E
yapeél arak marfol ajri.k Yyagppedlaaar & ¢imm d enlceerd minketl er
- %0.5 Kitosan, %1 Ti O2 takviyel: pol i mer Kk
yapélandejé, boncuk ol ukumunun mevcut ol d
- Yapédaki Kitosan oranénén RkRdmeozictkktae éd enad
bir | iflenmenin meydana gel diji, yapeéda b
membr an ol arak kull anél abil ecek yapénén e
- Kitosan orané (%2)o6ye artéréldejée zaman i
ol ukunrutntuenj @éa, | i f yapésénén bozulduju ve
belirl enmicktir.
Yapéel a bu incelemeler neticesinde bu -al ek

n

oranéneéen bir ekKi k dejerinin mevcut ediduimucxktyv
Belirtilen bu kompozisyonda me mbr ane ol ar a
edi |l mi ktir.
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INVESTIGATION OF NEW TECHNOLOGIES USED IN VEHICLE TYRES

¥7r. G°rKAYNAKLEt i n

Bitlis Eren | ni
mkaynakli@beu.edu.ir 00000001-83721345

ABSTRACT

Technological advancements in automotive tires are rapidly continuing, and it is evatent th
the future of tires largely depends on these developed technologies. These new technologies in
the automotive industry have not yet been presented to consumers as they must undergo a series
of tests and daily technological advancements. Tire manufesfaneworking on technological
developments focused on durability, better fuel efficiency, improved tire performance, reduced
waste, and so on. One of the most important elements for a safe and comfortable driving
experience is traction. Traction deteregrhow well the vehicle "sticks" to the road, playing a
critical role, especially at high speeds, sharp turns, and in adverse weather conditions. Tires that
provide good traction help the vehicle move more steadily, achieve shorter braking distances,
and dfer the driver greater safety. Today, tire manufacturers have researched various
technological developments to enhance traction. In the current automotive industry, smart tire
technologies that continually evolve to increase driver safety, performarnmtepmufort offer

a wide range of user benefits. This study examines certain technologies present in tires, such as

punctureproof tires, tire pressure sensors,-pnotected tires, seal tires, and the quietest tires.

Keywords: Vehicle Tires Road Grip Air, Efficiency, Tire TechnologyTire Manufacturing
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1.1 NTRODUCTKON

Tire technology, like many vehicle technologies, may not always take center stage, but tires
have a significant impact on how a vehicle performs. As the only contact point between the
vehicle and the road, tires are one of the most criticalg@ nent s of a vehicle
and safety. At first glance, tires from 50 vy
became popular in the United States in the 1960s and are still in use today. Tires are part of the
effort to use techwmlogy to enhance vehicle safety. A system known as "Contact Area
Information Sensing" or CAIS includes a sensor mounted on the inner wall of the tire that
monitors how the tire interacts with the road surface. The system checks road conditions to
distingush between dry, wet, slush, fresh snow, or ice, and sends thisweahformation to

the driver via a digital display. Tire manufacturers also aim to take CAIS technology a step
further by enabling it to share information with other similarly conneegducles, allowing a

vehicle to anticipate actions from the vehicle ahead. Eventually, CAIS could provide
information about tire wear and work with air pressure sensors to transmit tire pressure data.
The most lowtech advancement in tires may have theatg®t impact on driver safety. A
colorless tire initially appears like any other black tire, but when the tread wears down to a
minimum safety level, its surface turns bright orange. The color embedded into the tread during
the manufacturing process aledtsvers when the tires need to be replaced.

One of the most visually striking recent trends is airless tires. These puredistant airless

tires feature an outer tread pattern supported by flexible polyurethane spokes that absorb road
forces. Theseres use less rubber and potentially last three times longer than traditional tires,
while offering high lateral strength and strong resistance to hydroplaning. In addition to being
more environmentally friendly, they are also easier to recycle. The dewoisairless tires is

a harsher ride at higher speeds. However, tire manufacturers are working on designs that
provide ride quality similar to standard tires. While drivers of sports cars tend to prioritize
performanceoriented tires, those with passengars may prefer fuedfficient options when
selecting their tires. If we examine these preferences more closely, even users of the same
vehicle model can have different driving styles. User A may choose durablgédrighmance

tires with superior tractim while User B may prefer economical, lelagting tires better suited

to urban conditions. For drivers with such a wide variety of preferences, there are many
different tire options even within the same size specifications. In response to the divdsse nee
and desires of drivers, tire manufacturers equip their products with the latest technologies and
features, influenced by emerging technol ogi
industry, continuously developing smart tire technologies offerde wange of user benefits
aimed at improving driver safety, performance, and comfort. In this study, some of the
technologies found in tired such as rulat tires, tire pressure sensors, Homotected tires,

seal tires, and the quietest tideshave ber examined.
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2 ADVANCEMENTS KN TKRE TECHNOLOGYOAHWED A GLKM
FUTURE OF TKRE | NNOVATKON

Technological advancements in automotive tires are accelerating rapidly, and it appears that the
future of tires is almost entirely dependent on these engetgchnologies. The reality is that

these new technologies in the automotive industry have not yet been made available to
consumers, as they must undergo a series of tests and continuous technological refinements.
Tire manufacturers are working on techogital advancements focused on durability, better

fuel efficiency, improved tire performance, reduced waste, and more. Some of the new
technologies in tire manufacturing can be listed as follows:

Zero Tire Replacement Due to a damaged tire, people carstvranded on the road for hours.

This creates a problematic situation for many drivers and road users. As a result, many tire
manufacturers have dedicated their time and resources to developing puesisient and
costeffective tires. For example, Pilieffers airless tire designs, including special ssaling

models and ruifiat tires.

Tires for Charging Electric Vehicles Goodyear, an American tire and rubber company, has
recently been developing tire models capable of generating electricaly €ioerglectric
vehicles. In addition to being beneficial for environmental sustainability, these tires eliminate
concerns about vehicle battery depletion thanks to tread patterns that convert heat buildup into
electrical energy.

3D-Printed Tires: When thnking about new tires, many vehicle owners may not immediately

think of 3D-printed tires. However, Michelin is working on and developing this technology.

The French multinational tire manufacturing company aims to introduce 3D printing into the
treindust y. The companyés Vision Concept t-ires a
inspired design, printed using natural rubber and other biologically sourced raw materials.

The Concept of Oxygen Goodyear is working to develop the 2018 Oxygene conddje.
company uses living moss to grow in the tire's open sidewall structure. This is considered one
of the most ecdriendly tires as it reduces air pollution by creating oxygen through an open
tread design that collects moisture for the moss.

Tires and Artificial Intelligence : Goodyear, with the Eagle 360 Urban, is working on the
concept of vehicles (without human drivers) being able to drive themselves. As the name
suggests, this prototype is expected to be-pBited sphere that relies on artificiatelligence

for control and navigation.

Rubber Replacement It takes approximately seven years for rubber factories to produce the

raw materials necessary for tire manufacturing, and since recycling thga®dugcts is
challenging, tire manufacturers amew seeking new ways to produce dgendly tires to

repl ace most of the rubber used in todayods
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technology, tire companies have entered the effort to providémeakolutions, ranging from
preventing tire war to developing better tire designs and using sustainable materials to create
smart tires. Tires have been evolving since the day they were invented. Thanks to new needs,
discoveries, and ideas, they continuously renew their quality.

Tires That Can Still Drive Even When Punctured: RFT (Run-Flat) Technology. The
technology known among the public as "Run Fatiften referred to as "driveable even if it
bursts" or "normpuncturable tired allows a vehicle to continue moving without losing control
when the tie experiences sudden pressure loss, thanks to strong steel reinforcements embedded
in the sidewalls of the tire. This technology is important in terms of both safety and comfort. In
the event of a puncture caused by an impact or penetration by foreigsplijpe tire can
continue to function due to its reinforced steel cords. However, the tire's performance will not
be the same as before the puncture. It is designed to allow the vehicle to be drivefeto a sa
location at a reduced speddany users mistaaly believe that tires equipped with Run Flat
technology are completely punctypeoof. This is incorrect. Run Flat tires are not immune to
punctures; rather, they are designed to allow the vehicle to be driven safely to a secure area at
an appropriate g®d even after a puncture. Premium automotive brands like BMW and
Mercedes use Run Flat technology in their vehicles. However, it is not recommended to use
Run Flat tires on vehicles that are not designed for them. Using Run Flat tires-8fTon
compatibk vehicles can negatively impact safety, fuel efficiency, and comfort to a significant
degree. This is because Run Flat tires have stiffer sidewalls compared to conventional tires.
Therefore, vehicles originally equipped with RFT tires tasted and tuneatcordingly.You

can determine whether a tire features Run Flat technology by inspecting the sidewall. Tires
marked with "Run Flat" or "RFT" on the sidewall have this feature. Some brands indicate Run
Flat technology with different abbreviations. For exdanMichelin uses "ZP," Goodyear uses
"ROF," Hankook uses "HRS," and Continental uses "SSR." Another characteristic that
distinguishes RFT tires from conventional ones is the noticeably stiffer sidewall structure
compared to tires without this technology.

Image 1. Run-Flat Tire
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Seal Seal Technology Se a | Technol ogy, known in Tur ki st
(sealing technology), is commonly referred to ashgeded tire technology. It is one of the
technologies developed for safety and comfort. Jilewall of the tire contains polymers that
resemble a gdlke structure. Thanks to these polymers, if sharp objects such as screws
penetrate the tire while in motion, holes with a diameter of up to approximately 5 mm can be
sealed by the internal tecHogy, preventing pressure loss. In this way, damage caused by the
insertion and removaf a sharp object is avoidedires that do not have Seal Technology can
burst or experience sudden pressure loss when in contact with sharp objects, which may lead to
loss of vehicle control and traffic accidents. ®aked tire technology has been developed to
eliminate this negative situation. Its purpose is to prevent possible accidents by helping the
vehicle maintain control. The gélled tire repairs itself, elinmating the need faire changes

during a journeySimilar to Run Flat technology, tire manufacturers also market this technology
under different brand names. For example, Continental calls it ContiSeal, Goodyear refers to it
as SealTech, and Michelin namit SelfSeal.

Image 1. Seal Tire

Rim Protection FP Technology For car enthusiasts who care about their vehicle's appearance
and enjoy modifying their cars, rims are an important factor. In addition to the appearance of
the tires, their protectiorsialso a crucial aspect. There are many factors that can damage the
rims, such as curbs, both in traffic and when parked. To prevent such situations, the sidewall
design of the tires is specially engineered to make the rims less susceptible to contébt. As
other technologies, tire manufacturers refer to this feature under different names, typically
indicated as FP or FR.

Sound Technologies One of the factors considered by users when choosing tires is their
decibel levels. For drivers who prioritizecamfortable ride, one of the most important factors

is that the tire does not reflect excessive noise into the vehicle or does so at the lowest possible
level. As a result, manufacturers design their tires to keep the decibel levels low. Tire
manufactureroffer their lownoise technologies for sale under special names. Continental
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markets its products with this technology as "ContiSilent," Goodyear offers "SoundComfort,"
and Michelin presents its products under the name "Acoustic.”

Tire Pressure Sensor €chnology Tire pressure sensors continuously monitor the air pressure

of each tire through sensors integrated into the tires, providing the driver withnreal
information. Proper pressure levels enhance fuel efficiency, extend tire lifespan, and preven
uneven wear, thus improving safety standards. Tire pressure sensors are an important
technology that continuously measures the air pressure in each tire of the vehicle and
communicates this information to the driver. These sensors offer a range afshepéfnizing

the driving experience.

3TKRE TECHNOLOGKES THAT | MPROVE TRACTKON

One of the most important factors for a safe and comfortable driving experience is traction.
Traction determines how well the vehicle "sticks" to the road and playscalaritie, especially

at high speeds, sharp turns, and in poor weather conditions. Tires that provide good traction
allow the vehicle to move more smoothly, have shorter braking distances, and offer greater
safety to the driver. Today, tire manufacturess @eveloping various technologies to enhance
traction. Here are the details of these technologies:

Tread Pattern Design: The tread patterns of tires are one of the most important factors that
directly affect traction. Advanced tread designs increase s tiontact with the surface,
providing better traction. These designs are specifically developed to deliver optimal
performance on both dry and wet surfaces.

A Asymmetric Patterns: Provide a structur
inner pat of the tire offers better drainage on wet surfaces, while the outer part enhances
cornering ability.

A Directional Patterns: Quickly expel wat
surfaces. Ideal for sports cars and driving situations that regghmeperformance.

Silica-Based Tire Compounds:Silica is an ingredient added to the tire compound that
significantly enhances traction. Compared to traditional tire materials, silica has a more flexible
structure, which especially increases the tirelstamt with the road on wet surfaces. SiHica
based tire compounds perform better in cold weather as they do not harden and also improve
the tire's wear resistance.

Advanced Sidewall DesignThe sidewalls of tires are critical for traction. The sidewalaare
controls the flexing of the tire during its contact with the road. Advanced sidewall technologies
offer better traction by reducing tire flex during turns and sudden maneuvers. Additionally, the
sidewall structure contributes to more even tire wear.

Run-Flat Technology: Runlat tires allow continued driving at a certain speed and distance
even in the event of a puncture. This technology is another important factor that enhances
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traction because it minimizes the risk of losing control in case of sunldgrunctures. In run
flat tires, the reinforced structure of the sidewalls prevents the tire from bending upon puncture,
and the contact surface with the road is maintained.

Lateral Support Systems:Lateral support technologies ensure that tires are staloée during
turns and sudden directional changes. Used primarily inpegformance tires, this system
allows the tire to maintain maximum contact with the road surface, improving traction. With
this technology, the vehicle avoids skidding, particylarlfast corners, and the driver's safety

is enhanced.

Technologies That Improve Wet Surface PerformanceTraction can significantly decrease

in rainy weather. Wet surfaces create hazardous conditions that can cause tires to slip.
Therefore, manufacturerhave developed various technologies to enhance wet surface
performance:

1 Wide Channels: The wide water drainage channels on the tire allow water to be
quickly expelled from the tire. This prevents the tire surface from becoming covered
in water, reducinghe risk of slipping.

1 Multiple Sipes: The fine grooves (sipes) on the tire surface help water drain more
quickly from beneath the tire. This design provides safer traction, especially on wet
surfaces.

All-Season Tire TechnologyAll -season tires providefearaction in both summer and

winter conditions. These tires are made with a special compound, and their tread patterns
ensure optimal performance in both hot and cold weather conditiorse@dbn tires are
designed to adapt to all types of road condsiand feature additional sipes to enhance
traction, particularly in winter.

AquaGrip Technology: Used in some premium tires, AquaGrip technology is specifically
developed to provide maximum traction on wet surfaces. This technology allows the tire
surfece to distribute water more efficiently and prevents water from accumulating between the
tire and the road. As a result, the tire maintains better grip on slippery surfaces.

Smart Tire Technology: The "smart tires" developed in recent years use digitedmse to
enhance tire traction. These sensors continuously monitor the tire's pressure, temperature, and
wear condition, providing the driver with rei@ine information. This allows you to determine
whether the tire is performing optimally and interveneewmecessary. This technology is
particularly useful in preventing issues caused by low pressure, which can negatively affect
traction.
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4 GENERAL EVALUATKON AND CONCLUSKONS

Tire technologies that enhance traction are of great importance for driving safety and
performance. Tire manufacturers are constantly developing new technologies to adapt to
different weather conditions and driving typasd through these technologies, they provide a
safer and more enjoyable driving experience. When choosing the right tires for your vehicle to
increase driving safety, it is thought that considering these technologies will help maximize
both performance ral safety. Low tire pressure is detrimental to both tires and fuel
consumption, yet many drivers fail to properly inflate their tires. One possible solution could
be selfinflating tires that use sensors to measure tire pressure and automatically delaser re

air when the pressure is too high or below the normal range. This technology is used in heavy
machinery and military vehicles and is expected to soon be available for passenger cars,
including a lowtech version consisting of just two componefitise term "environmentally
friendly” is often not associated with tires, but sustainable alternatives to rubber may take the
lead in tire manufacturing in the near future. Guayule is a desert shrub found in the southwestern
United States and has been usednnitéd quantities for rubber production for over a century.
However, researchers are exploring ways to enhance its resistance to cracking and heat buildup,
and as a result of this research, it could play a more prominent role in the future. Experiments
arealso being conducted with Russian dandelion roots. Dandelion roots are much easier to
harvest compared to rubber obtained from trees, and they cause less environmental harm.
However, alternatives to rubber are also being sought, as there may be sitmaéicmsubber

trees become disease@ne of the technologies developed for safety and comfort is seal
technology. The sidewall of the tire contains-lije¢ polymers. Thanks to these polymers, if
damaging cutting objects like screws penetrate the tireavimiinotion, the technology inside

the tire can repair holes with a diameter of 5 mm or less, preventing pressure loss. This
technology is believed to prevent damage that would occur if a puncturing object penetrates
and separates from the tire. Rilat tires are expected to be an innovative tire offering many
advantages in terms of safety and comfort. However, factors such as cost, repair possibilities,
and vehicle compatibility should be considered when making a choiceld®tines, ideal for
long-distance travelers and drivers who prioritize safety, are expected to provide a good balance
between comfort and security.
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INVESTIGATION OF THE USE OF NITROGEN GAS INSTEAD OF AIR IN
VEHICLE TYRES

¥jr. G°r., METKN KAY
Bitlis Eren | niyv

mkaynakli@beu.edu.ir 00000001-83721345

ABSTRACT

In land vehicles equipped withflatable rubber tires, air is commonly used to inflate the tires.
However, inflating tires with nitrogen gas has become increasingly popular in recent years.
Nitrogen gas, also known as dinitrogen, is an inert gas. It is unaffected by dust, oil, &andemois
Due to its structure, which does not expand significantly with temperature, nitrogen gas
maintains a stable form, and since its molecules move much more slowly compared to those of
air, the pressure loss is less significant. This study found thagen gas provides several
benefits for vehicles and tires. Most notably, tire pressure remains stable under all weather
conditions, ensuring maximum road grip at all times. In addition, it increases driving comfort,
and with improved road grip, brakingfety is also enhanced. Since nitrogen does not contain
water or moisture, it prevents oxidation inside the tire and extends tire life. It also reduces the
transmission of tire noise into the vehicle cabin and eliminates tire hum. It improves fuel
efficiency by approximately 2% and can extend tire lifespan by up to 35%. By reducing heat
inside the tire, it lowers rolling resistance. Because nitrogen contains no oxygen, it is non
flammable. It has been observed that in the event of a tire blowout, tireednfldah nitrogen

deflate three times more slowly compared to those inflated with air. This characteristic suggests
that certain accidents might be prevented. Inflating tires with nitrogen is expected to extend tire
life by approximately 3035% and to prode around 2% fuel savings. Furthermore, since

nitrogen does not carry water molecules, it will never cause rust inside the tire.

Keywords: Vehicle Tires, Nitrogen Gas, Air, Efficiency
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1- INTRODUCT ION
Motor vehicles, which stand out as the most commonlyepredi means of transportation in

modern life, are composed of many components that interact with each other to ensure a safe
and comfortable journey. Among these components, tires hold an extremely important place,
as they affect asmwalgripsbalanbe, aadsbraking systene In ordel te 6
achieve high performance from the vehicle, it is important that the air and pressure levels of the
tires are maintained at a certain level. In recent years, in addition to air, nitrogen gas has also
stated to be used in inflatable tire types. Nitrogen gas, which has a more efficient structure than
air, minimizes pressure loss in tires thanks to its stability. Tires inflated with nitrogen deflate
four times more slowly compared to those inflated withMitrogen gas is dry and moisture

free. Since it does not react with other molecules, nitrogen has a structure that is unaffected by
moisture, dust, and oil. Known as nitrogen gas, nitrogen is an inert gas. It is resistant to dust,
oil, and moisture. Th&s to its norexpanding structure in response to heat, nitrogen gas
maintains a stable form, and because its molecules move very slowly, pressure loss is less
compared to air. Therefore, inflating tires with nitrogen is more efficient; a tire inflated with
nitrogen deflates four times more slowly than one inflated with air. Nitrogen gas is a dry and
moisturefree substance. Thanks to its inert molecules, nitrogen gas does not interact with
different molecules and is composed of compressed air and nitragenubes. Standing out

as an inert gas, nitrogen prevents many harmful formations such as oxidation, moisture, oil, and
water. Nitrogen is primarily an inert gas. It is odorless, colorless, and not essential for human
life, but it is important for plant gwth and is one of the main components of fertilizers.
However, its uses extend far beyond horticulture. Nitrogen is commonly found in either liquid
or gaseous form (solid nitrogen can also be obtained). Liquid nitrogen is used as a coolant; it
has the altity to rapidly freeze food and samples used in medical research, and it is also utilized
in reproductive technologies. Nitrogen has a wide range of applications because, unlike
oxygerd which becomes extremely reactive when exposed to otherdgydsdses no react

easily. Due to its chemical structure, it requires more energy to break nitrogen atoms and enable
them to react with other substances. On the other hand, the fact that oxygen molecules can be
easily broken apart makes oxygen a much more reactszdrgaontrast, nitrogen gas allows

for the creation of nomeactive environments where needed.
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Kmage 2. Bond Structure of the Nitroge

The most significant characteristic of nitrogen is its-ngactivity, which is why this gas is

used tgprevent both slow and rapid oxidation. The electronics industry is a perfect example of
this application, as slow oxidation in the form of corrosion can occur during the production of
circuit boards and other small components. Slow oxidation is alsorstenfood and beverage
industry; in these areas, nitrogen is used to displace or replace air in order to better preserve the
final product. Explosions and fires, which require oxygen, are good examples of rapid

oxidation. By using nitrogen to purge theygen inside a tank, the likelihood of such accidents

occurring is greatly reduced.

2- NITROGEN GAS

Nitrogen makes up 78% of the Earth's atmosphere. It is colorless, odorless, tastefesscnon

and norflammable. Thanks to its inert nature, it is used imide range of applications. Under

high temperatures and pressures, it can combine with certain reactive metals as well as with
oxygen and hydrogen gases. In performance driving and racing conditions: When tires are
exposed to extremely high temperatudesing driving, fluctuations in tire pressure will be
more limited, resulting in more consistent handling characteristics. In vehicles that are not used
for long periods: Pressure loss will occur more slowly. In spare tires: Pressure loss will occur
moreslowly, and tires that are stored unused for a long time will not be exposed to the harmful
effects of moisture. In collectible and museum vehicles: Pressure loss will occur more slowly,
and tires that are stored unused for extended periods will not bseskfp the harmful effects

of moi stur e. Kmage 3 shows green valve caps
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Nitrogen Air

Kmage 3. Green Valve Caps on Tires Fill e

In aircraft tires: Nitrogen helps prevent the formation of ice insidetiteeat very low

temperatures and ensures pressure stability. In heavy machinery, commercial vehicles, and off
road vehicles that work under continuous heavy conditions: It reduces maintenance challenges
caused by harsh conditions. Green valve caps adeonsres filled with nitrogen gas. Nitrogen

gas has many characteristics. It helps maintain tire pressure and cools tires that heat up during
movement. It minimizes losses caused by oxidation. Since nitrogen is inert aagphosive,

it is used in OTROff-the-Road) tires. Its biggest advantage is reducing fuel consumption. The
21% oxygen inside the tire can damage the tire, accelerating its aging process. Since nitrogen
gas contains no moisture or oxygen, aging is slowed down. Thanks to #{esxpemdng
property, it keeps the tire pressure at an ideal level. Table 1 shows the properties of nitrogen

gas.
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Table 1 shows the properties of nitrogen gas.

Molecular Weight 28.01

Boiling Point C, 1 atm) -195.8

Density (likit, 1atm) 0.8082 kg/l

Specific Heat 0.249

Boiling Point 199 kJoule/kg

Density, gas (18C ,1atm) 1.185 kg/m3

Volumetric Expansion 682

Specific Gravity (gas) 0.97

Critical Temperature®C) -147

Critical Pressure (atm) 33.5

Liquid Nitrogen 1M3 | Nitrogen Gas =691 m3 Nitrogen Gas = 818,834 Kg
Nitrogen Gas 1M3 Liquid Nitrogen= 0,001447 Liguid Nitrogen = 1,18499 Kg

(m3)

Delivery Purity % Tube Type | Tube Pressure (bar Gas Quantity (m3
Method

Pure Nitrogen of 99.99 50LT 230 10.5

High Purity 99.998 50 LT 230 10.5

Nitrogen

Liquid Nitrogen | 99.999 LC 0-24 Bar Kg

3- APPLICATION OF NITROGEN GAS IN TIRES

In cars, nitrogen gas can be applied to increase the lifespan of the tires. The application of
nitrogen gas to vehicle tires is essentially the process of filling the tires with dry air. The aim
here is to prevent the tire from expanding according to weatbnditions, thereby reducing
deformation caused by stretching. Usually, in the warmer summer months, the air inside the
tire expands, causing the tire to expand more. With the application of nitrogen gas, the
expansion caused by the pressure of theside the tire in hot weather is prevented. The gas
used to inflate vehicle tires consists of 78% Nitrogen (Nitrogen), 21% Oxygen, and 0.9% Argon
Gas. Oxygen gas is the main cause of deformation and deterioration in tires. However, during
tire production,the inner rubber layer of the tire, known as the liner, is designed with an
antioxidant layer that reduces air leakage and the flammable effects of oxygen, minimizing the

damage oxygen can cause.

In the application of nitrogen gas, the gas transferramthe tire contains no oxygen. This
prevents deformations that could arise from the air inside the tire. Additionally, during the
nitrogen gas application, no oil or moisture is added while inflating the tire. This is a significant
advantage for the tielifespan because nitrogen does not create moisture inside the tire. As a
result, no corrosion occurs on the rims. The tire valves will last longer, and the wires inside the

tire will not experience deformation. These are some of the key reasons wing tiecomes
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more durable. It is known that nitrogen is rexplosive. Furthermore, nitrogen is a non
expanding gas. Since it is a gas that contains no oxygen, it does not cause combustion and is

environmentally friendly.

Nitrogen has been used for many rgegparticularly in aircraft, race cars, and hedwy

vehicles, and it is not a gas that is unfamiliar to us. Nitrogen, also known as azote, is a colorless,
odorless, tasteless, and nAteimmable gas. 78% of the air we breathe is nitrogen, 21% is
oxygen,0.9% is argon, and the remaining 1% consists of other gases. As we can see, the air we
use to inflate tires also contains nitrogen, but it also includes a small amount of oxygen. The air

we breathe contains moisture, which can have different effectexBorple, when we inflate

tires with regular air, as the temperature increases, the air expands, raising the tire pressure.
Similarly, as the vehicle moves, rolling resistance increases, which also causes pressure inside
the tire to rise. In cold weathehe opposite effect occurs. These changes affect the vehicle's
handling. If air pressures are not regularly checked, the tire wears unevenly and quickly loses

its lifespan. The moisture in regular air causes corrosion and oxidation on the tire and @m. Sinc
nitrogen is a dry gas, it does not cause such oxidation, and air pressures do not fluctuate as
frequently. Additionally, because nitrogen molecules are not as small and mobile as those in
regular air, they leak out of tire or rim defects more slowly. Mbesture in regular air expands

at high temperatures, increasing the tire pressure, and at low temperatures, it causes the tire
pressure to drop. Not only temperature but also, as the vehicle moves, the rolling resistance
causes the tires to heat up argand, leading to an increase in pressure. Constantly changing
pressures significantly affect the tirebds ha
tireds |ifespan. Air, along with its moistur
surface inside the tire, leading to wear and oxidation. This is especially problematic with steel

rims, which can rust, and chrome rims, which can experience chrome flaking.

Since nitrogen is a dry gas, it does not contain moisture or water vapor likbigimeans that

there is no expansion and pressure increase at high temperatures, or pressure drop at low
temperatures. As a result, the more stable pressure value will enable the vehicle to maintain
optimal road grip and prevent uneven wear and exatiseywear due to overheating. Due to
nitrogen being lighter than air, it does not experience pressure fluctuations based on temperature
changes and does not overheat. This results in lower rolling resistance, which also contributes
to fuel eafjef 4i slowsethre engleculak arstribution of air and nitrogen gas inside the

tire.
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Nitrogen

Kmage 4. Mol ecul ar Distribution of Air and

4- BENEFITS OF TIRES INFLATED WITH NITROGEN
The stationary structure of nitrogen gas has ntifigrent benefits. By preventing wear and

damage, nitrogen gas provides high performance and safe usage, making it a common choice
for vehicle tires. The top benefit of using nitrogen gas in tires is that it does not cause oxidation.
The water vapor in #hair can cause the steel belts and rubber materials inside the tire to oxidize,
potentially damaging the tires. Nitrogen gas allows for high performance without damaging any
part of the tire. The high level of oxygen in the air can react with differetgcmes, which

may cause the tire to deflate over time. However, nitrogen gas, with its stable structure, is not
affected by other molecules. As a result, the deflation rate of tires is much slower. Nitrogen gas
is environmentally friendly due to its ndnarmful nature. By preventing moisture and oil from
accumulating around the tire, it extends the tire's lifespan.

Kmage 5. Inflating the Tire with Nitr
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When the vehicle is in operation, oxygen heats up quickly, which can prevent the braking
systen from functioning effectively. Nitrogen, however, has a structure that does not heat up,
helping to maintain high efficiency from the brakes. This allows for sudden braking when
necessary, reducing the risk of accidents. In tires that have been inailnfptime, expansion

does not occur when they heat up. Tires that do not expand grip the road more firmly, improving
road handling performance. Alitled tires tend to have inconsistent air pressure, which leads

to uneven tire wear. Nitrogen gas, withability to prevent inconsistent air pressure, helps tires

to be used safely for longer periods. Tires inflated with air deflate quickly, losing pressure.
Tires that lose pressure are unable to apply the necessary force to the ground. With an increase
in surface area, fuel consumption rises. Nitrogen helps maintain tire pressure for a longer time,
preventing unnecessary fuel consumption and contributing to savings. By reducing the risk of
tire blowouts and wear, nitrogen gas enhances braking efficieoag, grip, and driving
comfort, providing a more enjoyable journey. Nitrogen gas, which keeps the pressure inside the
tires stable for a longer time, also extends the lifespan of the tires, leading to both budget and

time savings.

5- GENERALEVALUATKON AND CONCLUSKONS

This study has shown that nitrogen gas offers several benefits for vehicles and tires. The primary
advantage is that the tire pressure remains constant under all weather conditions, which helps
maintain maximum road grigdditionally, it has been observed that driving comfort improves,

and with enhanced road grip, braking safety also increases. Since nitrogen gas does not contain
water or moisture, there is no oxidation in the tires, which contributes to extending their
lifespan. Because nitrogen gas maintains tire pressure, there is no need for constant monitoring.
It does not transmit the noise of the tire, thus reducing tire whine. Nitrogen gas helps reduce
fuel consumption by about 2%. It can extend the tire's lifebgaup to 35%. By reducing the

heat in the tire, it also decreases rolling resistance. Since nitrogen gas does not contain oxygen,
it is nonflammable. It has been observed that nitrofiked tires deflate three times slower

than those filled with air durg a blowout. This characteristic may help prevent some potential

accidents.

With nitrogen use, tires will wear less due to the lower pressure compared to standard air, as

tires with low or high air pressure tend to wear more quickly and unevenly. Foottegisince
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rolling resistance will be higher in a heated tire, it will wear out much faster. In contrast,
nitrogentilled tires are less prone to overheating, which means much less wear. It is thought
that inflating tires with nitrogen can extend thefiedipan by 385%, and this gas also provides
about a 2% fuel saving. Since nitrogen does not carry water molecules, it never causes rust
inside the tire. Because it is chemically inert, it does not react directly with the tire, preserving
the tire's interal structure. Negative effects caused by oxygen and water vapaofilleditires,

which can be observed under electron microscopy, are clearly visible in tires of heavy vehicles.
A properly inflated tire exhibits lower rolling resistance, which meass fleel consumption.
Nitrogentilled tires lose pressure four times slower thanfilled tires, meaning that tires

inflated with nitrogen will travel at the correct pressure for a longer time and, as a result,

consume less fuel.
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¥ZET

Bu - alk®ikynaldaj i kK ar ét él mé k Kk a]qeksidagyondorpsesi itei s i a
il eri aréeteme incelenmiktir. Bu ama-1la biyo
dejerl erindé&konesamarlkls§g§ onil @r énda aBE2bdéenmar ak z
ve renk gideri mi g°zlenmi ktir. Bi yolzog i k ar
oksidasyonunda 500 mg/L Ti®Ronsantrasyonunda 60 dakika oksidasyon sonunda en iyi ABS

254 (%54, 0) ve renk (%80, 3) gHddejmri pHn3ade
ABS-2 5 4 n m vV e renk gideriminin azal d£ej é g ¢
konsantrasyonunun 750 mj346ym keadraenlkrdimherei
Biyolojik areéeteéel mék kaj ik oksidagiopundaiilk 19 idakileat € k s u
oksidasyon £2&rdesninndwe ABESnk gi der i mi hezl e b
oksidasyon s¢resine kadar giderimin yavak
dej erinde v ekoidsanfrasyorunda 60 Taki®a oksigan sonunda %65,4 ABS

254 nm ve %90,0 renk giderimine wulakeél méxkt e
atéeksuyunun biyol ojiJdokan @tamy osvwunndséndarWV/iaT
giderimine ul akél abi-R5 eredgiderimimlede arganilekirleticilena n d a A
de giderilebileceji belirlenmicktir.

Anahtar Kelimeler: Fot okat al i z, kaj et end¢gstrisi at éks
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ABSTRACT

In this study, advanced treatment of biologically treated paper industry wastewater by &JV/TiO
oxidation process was investigated. For this purpose, biologically treated paper industry
wastewater was treated at different pH valaied different TiQ concentrations and AB354

nm and color removal were observed depending on time. In the oxidébaogically treated
paper industry wastewater with UV/TiCat the end of 60 minutes oxidation at 500 mg/L2TiO
concentration, the best AB&4 (%54.0) and color (80.3%) removal was obtained at pH 3,
while it was observed that AB&4 nm and color renval decreased with increasing pH value.
ABS-254 nm and color removal increased with increasing €@dcentration up to 750 mg/L

at pH 3. In the oxidation of biologically treated paper industry wastewater with UV/TiO2, it
was observed that AB354 nm and alor removal increased rapidly in the first 10 minutes of
oxidation, while removal occurred slowly up to 60 minutes of oxidation. At pH 3 and 750 mg/L
TiO2 concentration, 65.4% AB354 nm and 90.0% color removal were achieved at the end of
60 minutes of oxlation. As a result, it was determined with this study that high color removal
can be achieved in advanced treatment of paper industry wastewater with JoXid&tion

after biological treatment and at the same time, organic pollutants can be remdwved Sit

254 nm removal.

Keywords: Photocatalysis, paper industry wastewater, catalyst
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1. GKRKKk

Kaj ét endg¢gstrisi atéeksuyu y¢ksek renk, KOK,
duymaktadér [ 1]. Li gni nmakyré¢dkmoelke kog la nadlau p,a pd ¢al
bulunan i kinci dojal aromati k biyopolimerdir
kajéet hamuru ve kajJét ¢retim at8ksupuétbekbEmda
end¢gstrisi ate&s KOKkisedbrdi remlgni n5]Jo] dKpp é tbe

end¢gstrisi ateéeksuyunun Il eri arétemenda fo
kull anéel makta ve toksi k ol mayan, d¢kek mali
aktiviteye sahip TiQy ar & il et keni fotokataliz ile oksi
kull anél maktader [ 4,6].

Kaj ét end¢strisi2obsekagyonumpr O¥EeETi Oet ki | i b
yapélan -al ékmalar ile g°r ¢l myxk@75g/L TiKla] et er
solar oksidasyonunda 210 dakika sonunda %75
Kaj et hamuru ve kajeéet GghiGgberasetamekdaypHua8
kataliz®°r dozunda %80, 6 KOKBgyoéoni mk afréeééoc
ateéeksuyum@PH7U00/ TOOS5 g/ L) ile arétéménda %64,
el de edil miktir [ 8].

Bu -alékmada biyolojik ar et ébok&dasydn prpséstile end ¢ s
aretéelrabi.i arakteéerél mékter. Bu ama-} a far

é

konsantrasyonl ar @énda abt dkddagyon arosest ile AESS4ynmp € | ar ¢
gi d

2. DENEYSEL ¢ALI KkMALAR

21Bi yol oji k AteEatddmékr Kaj Atéksuyunun ¥zell

erimi ve renk gideri mi ortaya konul muktur

¢tal exmada kajeéet ¢retimi yapeélan kajét endg¢gst

kull anél mékter . Biyolojik areteéel mék kajeéet er
sahiptir. Bigjodtojerkdagtérnied imékerkk i -er mektedi
dal ga boyl aréndaki absorbans dejerleri séras
nm dal ga boyunda absorbans dejeri ise 1,5820
2.2UVITIiO 2 Oksidasyon Prosesi

UVITiOcoksi dasyon prosesi 250 mL mez¢r i -ine 11
rpm hézda karekteérma il e yapeéeb(@BSK134687-7)25 nm
Sigma Aldrichdédden temin edilmiktir. ®paeysel
end¢strisi atéksuyu-ikluaviea neéd inmédkitkétre.n Astoénkrsau ypat
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pH ayarl arStaseya -NaaOHH kul | anél mékt ér . Daha
konul ar ak, UVC | ambasé da i-erODkshdaswpnbdbneéeseg
daki ka ol arak se-ilmik ve 10 daki ka aral ék
numunesi 4000 rpm hézda 5 dakika santrifg¢] vy

UVITiIOoksi dasyonunda 20he efl aelf kelael sgard inrdd eT ia@ ék su a
veeniyirenkve AB2 54 nm giderimi sajlanan pH dejeri

mg/LTiOokonsantrasyonunda pH 3, 5, 7, 9 ve 11 d

-al ékmada en i PBi defekswmdar el eémé epgdHI di 3 i -
konsantrasyonlareée (200, 300, 400, 500, 750
yapél mékter. Oksidasyon s¢resince 10 dakika

daki ka sahmektegr yvepspektrofotometrede okunm

23Anal iz Metotl ar e
Al énan at eksu numunel er i 4000 rpm hezda
spektrofotometrede okunmuktur. Spektrofoton

kull an8pekktefotometrede 254 nm dalga boyund
nm ve 620 nm dalga boyl arénén toplamé ol ar
absorbans ol - ¢cml er i kaj et end¢gstrisi at éksu
g ° s t edkili eirparametredir [2].

3. SONU¢CLAR VE DEJERLENDKRME

3.1.pH Etkisi

500mg/LTiQkonsantrasyonunda f ar kl & -Z2o#rinlgaericiia 2z a me
G°rsel 16de veril2nbdktnm.giEderyi¢nkis egkH ABSde] er i
dej eri a f2tstde kn-med dAB Qi derim azal méxkt ér . 60 dal
9ve 11 deje2bérnmadeéelRBSabsorbans dejeri sér as

ve %35,9 olarak el de edilmiktir. T¢gm p-H dejoe
254 nm absorbans dejeri hezla dsesgmewsivearh0 eqd
daha yavak d¢k¢k g°zlenmiktir. pH 3 dejerind

ABS-254 nm gider i mi %39, 2, %4 8, 2, %52,5 ve %5/
Asidi k pMadeyi Ti @¢zey ser best zepeiadsorleledilerdk gr u p

hi droksi l radi kal |l er i crettifjgi protonasyon
end¢gstrisi atéksuyunda negatif ye¢kl ¢ |ignin
(Sun vd., 2014). Lioghsindagydkmsuiyluemuar &tveé me rod a

ABS-254 nm gi der i mi pH 3 dejerinde el de2edil mi
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il e arétémenda en y¢ksek atéksu arétéméneéen |

azal ma ol duj u]. KgrParf¢tl mexjt&gtr H@mur u dejiler meni

aréeteméenda en y¢sgksek KOK (%62,6), renk (%87,
dejerinde elde edilmiktir [10].
—0—pH 3 pH5 pH 7 pH 9 —f—pH 11

100

90
= 80
£
E 70
@ 60
B
2 50
E /_./’*’——r’——'
S 40 Y . . ,
n ’ - e T e 1
S 30
-]
< 20

10

0

0 10 20 30 40 50 60

Oksidasyon siiresi (dakika)

G°Prsé&hrkl é pH dejer !l e25mrdgdermma(M@a BoamdiLaj | € AB ¢

500mg/LTQ@Qkonsantrasyonunda farkle pHO6Il arda zam
206de veri 2midktnint .giABS i mi ne benzer Kekil de

dejerinde el de edil miktir ve pH dejeri artte
sonunda pH 3, 5, 7, 9 ve 11 dejerlerinde renk
ol arak el de edil mi ktir. KI'k 10 daki ka oksi d:

s¢relerde renk gideri mi daha az0 & dakkal e kK mi

oksidasyon s¢relerinde renk giderimi %64, 0,
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pH 3 pH 5 pH 7 pH 9 —#—pH 11
100
90
80
70
60
50
40
30
20
10

Renk giderimi (%)

0 10 20 30 40 50 60
Oksidasyon siiresi (dakika)

G°rsé&hrRl & pH dejerl erinde z560mm/h)a bajl é r

3.2.TiO2 konsantrasyonu etkisi

Far kl & pH dejaetrélkesrui nadree tyeanp é&laane k mal ar énda en
3 dejerinde g°zlenmiktir. JHwnsandaemsyld nd ad &]
arétem -al ékmal ar é& yapéel agkaokn seann tiryais yaotnéuk sbue | a
200 mdL ile 1000 mg/LTQk onsantrasyonu aral éjénda yapel.

elde edilen AB2 54 nm gi der i mi G°rsel 36de vesil mikl
oksidasyon -aléekmalarénda il k 10 da&kdinlha ok si
giderimi g°zlenirken, 10 daki kadan somra dah
konsantrasyonu i1i-in 10 dak2%4 okmsgiddsyiomi sghth
60 dakika sonunda AB2 5 4 nm gideri mi %46, 706e O2ul akmé

konsantrasyonunda ilk 10 dakikada ABRS4 nm giderimi %48,4 iken 60 dakika oksidasyon
sonunda %60, 8 ol muktur . 64k othaskainka ask/ india 2y0dn
750 mg/ Loye a 2%4nrans @derimil aatmak#aB &cak 1000 mg/L TiO

konsant asyonunda deji kmemektedir. 2 0e060 daMika O , 50
oksidasyon il e séeraséyl a %46, 7254 riis5giderigi, %5 4
gzl enmiktir.

78



SELCUXh1I NTERNATI ONAL CARFEREN ENCEIS
May -23, -KOON5YA

@ ...... Proceed -h§BNBWSBKR-59 6724
—4=—200 mg/LTiO2 —i— 300 mg/L Ti02 ——400 mg/L TiO2
100 —8— 500 mg/LTiO2 750 mg/L TiO2 1000 mg/L TiO2

ABS 254 nm giderimi (%)
8

10 20 30 40 50 60
Oksidasyon siiresi (dakika)

Gorséhr8hleods®Ontrasyonl ar é2b4nn gdeaimH:8) baj | é

200 mg/L ile 1000 mg/LTik onsantrasyonu aral éjénda yapeéel.

el de edilen renk gideri mi G°rsel 46de verilr
s¢resihmdkzl @€ bir kKekilde artmék ve 10 daki kad
200 mg/L T@konsantrasyonu i -in 10 dakika oksi da
gzl enirken, 60 daki ka sonunda renk 2gi deri

konsantasyonunda ilk 10 dakikada renk giderimi %79,3 iken 60 dakika oksidasyon sonunda

%87, 7 ol muktur. 60 dakzldkkoan sakgsirasyyonnu <2drOu nm
mg/ Lébye artmasé il e renk gi degkonsantrasyanundana k t a
dej i K mairn280k40®& 500, 750 ve 1000 mg/L IOl e 60 daki ka oksi das
%73,3, %74,3, %80, 3, %86,7 ve 87,7 renk gid
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—#—200 mg/L Ti02 ——300 mg/L Ti02 400 mg/L TiO2
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Renk giderimi (%)

10 20 30 40 50 60
Oksidasyon siiresi (dakika)

G°orséhré&hhlkods®ntrasyonl arénda zamana bajl

SONUC¢LAR

-al ekxmada biyolojik arétél mex k 2] ét e
santrasyondlagiedasay &IJWV/Qn s e s i il e areéet éemeé

ét end¢strisbholgiekasuuyamupr AJVE STii Oi | e ar ét ¢
sektir ve pH dejerinin ar toksidagonprosekieu ar é
méndlonmMga@Ontrasyonunun 750 mg2b4rinyve rekad ar

eriminde iyilekme g°zlenirken, 1000 mg/ LO
t el mécx kaj et endgokesi dasywdrekpupesren UVET
eri nde v ekoidsanrasyormunhdh 60 Wakika oksidasyon sonunda %62,4 ABS

nm ve %86, 7 renk giderimine ulakeélabilm
cstrisi at gkaiydasynonUVp Mo ©e s i il dujid er

¢l mektedir.
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¥ZET

Bu -alékmada biyolojik aréeteél mék kaj] éwe endy¢s
Al2(SQy)s koage¢l ant ]l ar é k uH Il aorkéll aarsayko n k qpa go¢ésleass y oinl
i ncel enmi ktir. ¢falloekkgaadsay ckno apgr¢o saessyiononde pol i al
FeCkve A (SQw)zi - i n pH 5 dej er-254 dregiderimi vg regnk gicehkmenA B S

ul akéel mékt ér :25Bn ny¢ wee kr eAEKS gi der i mi 500 mg/
edi | miokiiat umiPny umvekA(8@)gkgagrRe Glnt | ar é kar kel &
yéksek ayzxkotaggppl Re€lé il e sajl amnéorukdh/3,6ABEH 5 ve
254 nm ve %97, 0 renk @H®S8ve300mg/lPod aj lad manb inly menk tk
ile %58,2 ABS254 nm giderimi ve %92,3 renk giderimi elde edilirken, pH 5 ve 500 mg/L
Alx(SQy)s ile %554 ABS254 nm giderimi ve %90,8 renk gi

ol arak biyolojik olarak areéetél-méak klag €y omrnidlg

gi der i mi sajlanabil eceji vV e 254 nm dal ga
g deriminin olabileceji ger ¢l mektedir.
Anahtar Kelimeler: Alx(SQy)3, FeCk, pol i al uminyum Kkl or¢r, renk
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COLOR REMOVAL FROM BIOLOGICALLY TREATED PAPER INDUSTRY
WASTEWATER BY COAGULATION -FLOCCULATION PROCESS
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ABSTRACT

In this study, color removal of biologicallyetated paper industry wastewater by coagulation
flocculation process using polyaluminum chloride, Re@hd Ab(SQu): coagulants was
investigated. In the study, the highest AB&® nm removal and color removal were achieved
at pH 8 for polyaluminum chlorg and at pH 5 for Feg€and Ab(SQy)3 in the coagulation
flocculation process. The highest AR54 nm and color removal were obtained at 500 mg/L
coagulant dose. When polyaluminum chloride, @@t Ak(SQy)s coagulants were compared,
the highest treatment was provided with Re@hgulantwhile 73.6% ABS254 nm and 97.0%
color removal could be achieved at pH 5 and 500 mg/L fak3ke. While 58.2% AB254 nm
removal and 92.3% color removal were obtained with pH 8 and 500 mg/L Poly aluminum
chloride, 55.4% ABS54 nm removal and 90.8% col@mnoval were obtained with pH 5 and

500 mg/L Ab(SQu)s. As a result, it is seen that color removal can be achieved by coagulation
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flocculation in biologically treated paper industry wastewater and removal of aromatic

compounds observed at 254 nm wavelemgth be achieved.

Keywords: Al2(SQu)s, FeCk, poly aluminum chloridecolor removal

1. GKRKKk

Kajét ve kajét hamuru end¢gstrisi en y¢sksek
olukan ateksu, canl ebioy@lamjiizknad eakiénl iylaikjaim@in
tehl i ke et mektedir [ 1] . Kaj ét end¢gstrisi a
arétéeménén zor ol masénén yanénda renk, bul an
i - er mek3t]e.di Mnaj{ett re si atéksul arénén BOK/ KOK o
biyolojik aréteéelabilirlifji ol duk-a azdeér [ 2
atéksularé renk i-ermekte ve biyolojik areéetr
[5].

Koagyg¢ I-falsoykognl asy on, renk gideriminde ve kaj éf
yaygén kull anél an atéeksu ar ét nfal oyk®¢nltaesnyl oenr i prc
basit ve ekonomi k bir ateéksu ar.ét Khaa g-Llna sy
floke¢gl asyon prosesinde kol l oi tl eri dengesi z
-%kebilir floklara d°n¢gkegmegneg sajl amak amac:é
kl or¢r gi bi pol i mer 10dag Alnamgantirocakkll aassyne k't p d
ile atéksu areéetemée verimlilifji, koage¢l ant /[ f
s¢resi, sécakl ek ve tut mablfl¢r esi gi bi bir-ok

Bu -al ékmada biyol oji k arkéaaéd ¢grtaksoykogi asyendps

ile renk gideri mi i n(B@), €eCv et ipro.l i 8L u nainmay- U n
koage¢lantlare ile farklée pHlIlwk kasygopharnytapedo
gi der i mi i ncel enr26d mm piderim Ade éd ac ABSnmi ktir.
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dejerlerinde yhlpekahasyamg ¢ il lasypH 7 (n°tr) de

floke¢l afyetn nAMBSYe renk giderimi a-éséndan kar

2. MATERYAL VE METOT
21.Bi yol oji k arétéel mék kajJét endg¢gstrisi at ek
Kaj ét end¢strisinde biyolojik arétma sonr as

Biyolojik arétel mék kajeéet end¢gstrisi renk i
boyl ar s8rod adkainsaldej er | er i séraséyla 0,191, 0,
dal ga boyunda absorbans dejeri ise 1,61106dir
22Koag¢l-Bkglpl asyon prosesi

Koagyg¢ I-falsoykognl asyon prosesi 600 mL erlen i-eri
d¢zenegjaipmedenékt ér. Koage¢l ant ol arsaekAb(@)i i al u mi
kull anél mék ve flok¢gl ant ol arak da anyoni k
stok -°zel ti olarak distile su ile hazeérl ann
ol arak distile su ile hazéerl anmékter.

Koagyg¢ I-falsoykogml asysesi nde 200 mL atéeksuyS&w koagy

veya NaOH il ave edilerek pH metre ile pH dej
d¢zenejine yerlextirilmiktir., 120 rpm heéezda
anoni k polielektrolit ilave edil mik ve 45 rp

Proses sonunda atéksu numunel er 250 mL mez¢
yapél mék ve -°kt¢igrme sonunda atéeksuyeéemt st f
Koagyg¢ I-falsoykognl asyon prosesinde °nce 500 mg/ L Kk
49) koagdgf¢lloaks¢gyloansyon yapélarak en iyi ateéksu a
Daha sonra her bir koagc¢anamt piH idnejeerr iinydie o taé
dozl ar éenh@@& rod/Ol0) -kbakéel asyom yapeéel arak en iy
koage¢l ant dozu bel-irdlegmagkyom.pKoaggil adeg ofnar |
yapélan ateksu ra&rcat égnd -7adldéek nfanl®atrré paH) yapél a

araseéendaki fark dejerlendirilmicktir.
23Anal iz metotl ar é
Koagyg¢ I-falsoykognl asyon prosesi sonrasénda atéksu

santrif ¢] yapéeldektan sonr @0 mnp el&k 208/700f ront o me t r
aralejéenda tarama yapél méekteéer. Renk gideri mi

absorbans dejerl erinin toplamé ve 254 nm d
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bil eki kl er ol arak kabukswyunddms kltii gni rKiarj éd o yet

mi ktarénénén 254 nm absorbans dejerinde °1 - ¢
3. Deneysel sonu-1Iar

3.1Pol i al ¢minyum klor ¢fl ORAKpsybe koage¢l asy
Pol i alumi nyum &klbagg¢tdsiyPoArKa s yiolne - al ékmal ar

dejerlerinde28lWdemedel eenAB&i deri mi G°rsel 1.
pH 8 dejerine2mB4 tmas¥ee inlenllABgi der i m254rmr t ma k t
ve renk gi deriinmie pH d& cdajié mi Kkt i254.nm peHenl® de]j €
gider i mi azal makt ad ér -254 pnigidérimi 93, ®582 vedS86,4e r i n d
ol arak el de edilirken, renk gideri mi i se %85

100
90

0 m
70
60
50
40
30
20

10
0

Giderim verimi (%)

—#— Renk giderimi
ABS-254 nm giderimi

4 5 6 7 8 9
pH

G°orsé&hr k!l & ep Hed e2ddnen veAréhsgiderimi (PAK: 500 mg/L)

EniyiABS254 nm ve renk gideri mi pH 8 dejerinde
PAK dozlaréeénda biyolojik arlkdoa&d ¢ida soykogri @ $ y cen
yapél mék ve 2bdenmdvéenedBSgiderim sonu-1ar é
giderimi 100 ve 200 mg/L PAK dozunda %75 civ
ve 500 mg/ L PAK dozunda iglePAR@oZ2INndEGenraPAKk s el m
il ave edil mesi renk gi der i mi-254 nmYideemnisea PAR | - ¢ d e

dozunun 500 mg/ L6éye kadar artmasé ile artmak
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100
90
%0 .\_/\k/(_._\—‘
70
60
50
40
30

20

10 —&— Renk giderimi
—0— ABS-254 nm giderimi

Giderim verimi (%)

100 200 300 500 600 700

400
PAK (mg/L)

G°orsé&hrRl & PAK dX%&nmae renk giderinipHd 8

EniyiABS254 nm ve renk gideriminin elde edildi]
yapeél an kfolaogks¢ laasssyyoonn - al ékmasé pH 7 (n°tr)

dejerinde farkle PAK dozl ariéeénataée lbs yyu mda kk ama
flok¢lasyon yapeéel mex4 vrem eded er eerdk | @ind éArBiSm s o

verilmiktir. Renk gideri mi PAK dozunun 100 m
%43, 906dan %86, 96a art mekt9dr .l 50 kmg/i dePAKi de
500 mg/ L PAK dozundan sonr a PAK il ave edi
dej i Kt i r memidk tnint .g i ABS i mi ise PAK dozunun 50

artmaktadeér . 100 mg/ L254Pk Kgidedhioelde aeditirken, 30D mg/l5 AB S
PAK dozunda %52,7AB 54 nm gi der i mi gzl enmi ktir.

100
90 * * —
80
g 70
E o0
1
g 50
£
£ 40
o
B 30
o
20
10 —&— Renk giderimi
0 —0— ABS-254 nm giderimi
100 200 300 400 500 600 700
PAK (mg/L)

G°rsé&hr 8l & PAK dXB&nmae renk giderimh(BHS7)
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PAK koag¢l ant e i I-fel oyka¢pléd sayno nk o-aagl¢é kansaysoennda p H
7 (n°teni Mdegleirl sonu-1ar karkeéel akt ér-B5Shdnej énda
giderimi ve renk gideri mi el de edil diji g°r ¢

32FeChki | e koaBhlkoblhglhasyon
FeCki | e Kk o afgl¢d ka¢gslyaosnyon - al ékmal ar énda ®2%r kl & p

nm ve renk gideri mi G°rsel 4 6 d e254vnenrve fenki Kt i r
gi der i mi y¢ksek 1 ken pH 5 dej er-254ndewenks onr a
gideriminde azal ma g°r ¢l mek t-254nmrgiderini %7743, 5 v
%73,6 ve %40,3 olarak elde edilirken, renk giderimi ise %97,3, %97,0 ve %82,2 olarak

gzl enmi ktir. Farkl & pH dej er | ezle nldea g-alpaed yam
flok¢l asyonda optimum pH dejerinin 5 olduju
edilenABS254 nm ve renk gideri mi birbirine ol duk

100
o0 ’——‘-\_‘_,_4\*\
80

70
60
50
40

30

20

10 —&— Renk giderimi
ABS-254 nm giderimi

Giderim Verimi (%)

0
4 5 6 7 8 9
pH

G°rsé&hr &l & pH deJ5enmlverenk gidéranmi (FReBIS00 mg/L)

EniyiABS254 nm ve renk gideriminin e3lddbel adiélndiaj
yapeél an kfolaogks¢d laassyyoonn - al & kK masgd &m dearenle gidereni e d i |
G°rsel 56de verilmixktir. FeCl 3 dozu2dunm 100 r
gide i mi %48, 06den %63, 96a artmék ve renk gide
sonfaFeGdozunun ar t2nads énm lvee ABS k gideri mi nde d:z¢
raj men 50QdopguhaFle&téar giderimler art2%kteér.

nm giderimi ve renk giderimi séraséyla %73, 6
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100
90
80
70
60
50
40
30
20
10

Giderim Verimi (%)

—#—Renk giderimi
—0— ABS-254 nm giderimi

100 200 300 400 500 600 700
FeCl; (mg/L)

Gorsé&hr kl:@doF & &@&Fr &2b4ran véarBnR giderimi (pH: 5)

En iyi ABS-254 nm ve renk gideriminie | de edi | di J i pHssdbo adlegreen cha
yapél an kfolaogks¢ laasssyyoonn - al ékmasé pH 7 (n°tr)

dejerindedbat kFrenBaCbi yol oji k aréetél mék ka
m

—>
O (D|

floke¢gl asngan veapedld@ 5ddinimenveABSESnk gideri S

veril mixdadazZzunumeCIOO0O mg/ Léden 20254 nmuiddridiy e ar |

%36, 30den %50, 06a artmék ve renk giders mi is
dozundansomwr r enk gideriminde -ok fazla dejikim
%93,2 olarak 400 mg/LFeg€l o zunda g°r gd oy . arFtefddnme i | e
giderimi ise %59 civareéna y¢ksel miktir.

100

90 — g £ L 4

&0 /

L 70

E 60 *r— !

2 50

E a0

3 30

wZO

10 —#— Renk giderimi

0 —0— ABS-254 nm giderimi

100 200 300 400 500 600 700
FeCl; (mg/L)

G°orsé&hr &lz:@oké @lr &264 ran véaArBnR giderimi (pH: 7)
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FeCkk oage¢l anté il e-fyak&ll ars yloma g @all @xymars énda pH
7 (n°tr) dejerlerindeki sonu- |I-254 nmlgiderimi&d akt ér

renk gideritmir .dapmbk % ¢(kejekr i nde 2B 8mgidenmar énda
pH 5 dejerinde %adp2u) 786evimgeélerFierCd kadar u
gi der i mi ise pH 7 dejerinde %93 <civareéna Kk
ul akmaktadér .

3.3AI(SQy)sile koaggllaokydmsyon

Al(SQ)zi | e ko afgl¢d kagslyaosnyon - al ékmal arénda farkl é
254 nm ve renk gider i mi G°rsel 76de254mmwel | mi Kt
renk giderimi ar®mdkner veEnenwkkgeledlkényj pH 5
pH dej eri 501 R2 5¢4z enrm nvdee riesnek AgBSd er i mi azal ma

dej er | e r2bdmuoh gidedB %48,7, %55,4 ve %25,9 olarak elde edilirken, renk giderimi

i se %88, 1, %90, 1 ve %60, 5 jodralrearki red ed ey aeepd |l am
incel endiS@iinde Ko afgl¢d kacgslyoosnyonda opti mum pH ¢
gor ¢l megktgr .

100
90
80
70
60
50

40

Giderim Verimi (%)

30

20
—#— Renk giderimi

ABS-254 nm giderimi

10

0

4 5 6 7 8 9
pH

G°Prsé&hr kKl & pH de3senmlverenk giderani (A8 500 mg/L)

En iyi ABS-254 nm ve renk gideriminin elde di | di J i pH 5 (Se&ser i nde
dozl arénda yafélokn|l hesgopl aay @x mzbs mve eenke | d e
giderimi G°rsel(S@&edlezwreun | M0 &timmg/ LAden 200 r
ABS-254 nm gider i mi %19, 006dan %46, 76ye art mécx
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Renk giderimi ise 100, 200 ve 500 mg/LL@0Oy)zsd oz | ar énda séraseéeyl a %12

ol arak el de edil mi ktir.

100
20
80
gg" 70
E 60
b
= 50
E
= 40
o
-]
o 30
20 ‘
10 —#— Renk giderimi
)— ABS-254 nm giderimi
0
100 200 300 400 500 600 700
Al,(SOy); (mg/L)

Gor 8.€6hr koS&);dd z | ar &2b4ran vArBnR giderimi (pH: 5)

Eniyi ABS254 nm ve renk gideriminin eb®¥s: edild
dozl arénda yapébéapl heyggpyl asayermmasée pH 7 (n°t
pH 7 cej eri nde 3sfdaorzHlag erRrd &l bi yolojik aretél mécx
koagy¢ Had okl asyon yapeéel m2%4 vrem eded er eendk | g@ind eArl
G°rsel 96da veril mi k#SQ)sdoZ@0 ama-B4 mvelrek3 AB Smg
gideriminde °neml. bir deji ki mxgd):adloezd mazZzknam,
arteéxk g°r ¢l mektedir .AS@G)Pdo znigal/rLe nieRa¢ ninfgée@nidnBgS/ L
gideriminde bir dejikim g° n(gWndeonzilkatrié2bdl al 0AOB, S
nm giderimi %13,0, %20,8 ve %35,8 olarak elde edilirken, renk giderimi %38,9, %47,2 ve
%79, 2 ol arak el de edil mixktir.
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100
0
80
‘}-‘3‘ 70
E 60
S
= 50
E 40
@
=]
@ 30
20
10 —4#— Renk giderimi
ABS-254 nm giderimi
0

100 200 300 400 500 600 700
Aly(50,); (mg/L)

GOr s &€dk | %B9(S@)td 0 z | ar é&2b4ran vAaArBnR giderimi (pH: 7)

Al (SQi)zkoage¢l anté il e-fyyakgll ars yloma g @ll @xynars énda
pH 7 (n°tr) dejerlerindeki S 0 n u-254 amm gidkriemr K € | a K
verenkgi@ r i mi daha y¢ksektir. pR54Mmmdidegrimnivei%a?d e %3 €
civarénda renk giderimine ul akeéel maR4adeéer . p

giderimi ve %91 civarénda renk giderimine ul

4. SONUC¢LAR

Bu -alékmatlarbhkyaleéejtiéek mek kajéet emhldgldlrasyon
prosesi Il e renk gider i mi ar agtve AEIOHE Kt &1 .
koag¢lantlaré ile yapeélan - al-ZB4&nmaideamifesl en vy ¢
koagc¢illamte&l de edi |l mi ktir .zvlPALSQ):slad agi Ny uiml &rl &

| an -al ékmal arda e254:;hmeggi denkmigi Belr i ma
p Hve@l(SOh:¢ €li n pH 5 dejerinde el de edil mik
yapélan -al ékmada i se ¥y§Ks emddkhm & ceakgigdrimimet do z

Kél maktadér. pH 7 (n°tr)svalS@sk cmadge¢ |Paon til al
il e yapéel a-hl abalggas weyosonrasénda optimum pH

yap
-

S5 M

ul a

254 nm ve renk giderim verimlerine wl& | amamakt adér . Biyoloji k a
atéksuyunun pH 5 d=jleer iknodaégl 8 Ragslymgny bn e €bnucu

ABs-254 nm ve %97, 0 renk gideri mi sajlanabi |l me

TEKEKK! R
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¥ZET

Tetras kI n, gen K spektrum etk s ve d¢kKe¢k
ant b yot k ol makla b r| kte, akeéerké rdhulll greém
a-maktadeéer. Bu nedenl e, tetras ki n kaynakl
takémaktader. Bu -al eékmada, manganez oks t v
mekan k b lyaleée °J¢tme yRintemnyfetoskat @z1 & nk
etk n b r ajan ol arak kull aneél m&RKSt érn.al S en tea z
karakter ze ed I m kkobal XRD laeml mzn, nmaogpoz
entegre ol dujunal xemémn rk,omp%rz;negrm éxkék alt eér
kKek | de fotokatal t k bozunmaséna mk ©n t ar
séras-ky|l ar 8séna ayar|l anméxt eér . Anal z sonu-
bozunmadh édamjdeelr ol duju g°zlenm Kkt r. As d k ko
negat f yeé¢kl ¢ fotokat al z°%r araseéndak et k
artterdejeé bel rlenm Kkt r. Tetras kIl m ant
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rad kal teréeneéegn bel ri enmes amaceyla 3 adet
|l PA rad kal tereéenegn %77 | kOHb rrad nkhalb ns yno nf og
bozunmada baskén b r rol oynamadeéejé bel rl en

Anaht ar eKEbt onke bt al t Kk, Eat okat al z°%r , Mn O,

1. GKRKk

Tetras ki n (TC), yaygéen ve d¢kegk mal yet |
neden yle -evresel b r tehd t olukturur. Su
czer ngez odtukm | ere yol a-ar. Bu nedenle TCoOn
Membran f | trasyonu [2], adsorps yon [3], fI
y°ntemler kullanél maktadér. Co O ve MnO, fo
ver ml ] ve d¢keéek mal yet avantajl ar é | e
mal yet , ésel Kl eme gerek duymamasé ve par
-ékmaktadér [ 6].

Mekan k al akéml ama l e MNO ekllemmsiken€Ce zO e nhna
karakter ze ed I m kt r. Bu fotokat al z°rl er,
performans serg |l em kKt r.

2. MALZEME VE Y¥¥NTEM
2.1 Mal zeme

Kzoprop | alkol (I PA, %99,9), benzok9non (BQ
Merck f rmaséndan tem n edAdsmarkddan slettermsalk
MNO (%99, 9), Co O (%99, 9), h dr-d2Kd of %8 a%s) t
S gMmadr ch f rmaséndan tem n ed I m kKt r.

2.2 Fotokatal emr¢n Sentez Y°nt

MCO kat a
ve 2,0 g
rpm héze
fotokata

I z°%°rl er , mekan k al akéml ama l e ¢r

ram MnO ekl enm KEtF-Pr4.0 0A lba kl éynall a@mama kk | nes
nda 5 saat ol arak ger - e«kl ekt Srenltrazu te
I z°rler 0.1 MCO, 0.5 MCO ve 2.0 MCOQO

2.3 Karakter zasyon

Fotokat al z°r¢n kr stalkKlgmpBemaékuhktahéemekak
ger-eklekt r Im kt r (MalvefPn;BWpxaraeafdyAl pha
yanséma spektrumu (DRS)SpekHIrMABDA® mMeM haz &V | e
Ol - ¢l mgkt ¢gr.

(2]

2.4 Fotokat al t k Akt v te Testler

Fot obozunma r ©8a0kOs nyno ndlaalrgéa, b4do0y0unda éeékeéek yayal

s | nd t°kdé, rO0Oreakg kat al z°r ve 35 mL 10 m
ger-eklexkt r Im kt r. Reakt f oks jen te¢rloer
fotobozunma ver ml | -V s tpekenkboyomehEesswg
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3.0NBU¢LAR VE TARTI k MA

3.1 Karakter zasyon

Mangan oks t ve kobalt oks t, b Iyaleée dej] rn
get r I m kt r. XRD sonu-laréna g°re, %5, %10
yojunluklu z rveler %5ndmnOCel de eadknl M.bt MCO P
akt v te -aléekmalaré bu kompoz syonda devam

O <> :Co:0.
%+ :MnCo:0.
A :MnO:

2 % O

T ?l JA A| ’*R A 2.0 MCO

Intensity

2-Theta degree

kek MCO 1°rnekler n n XRD desenl er

0.5 MCO fotok¥&tal dz¥gzgnyanb®R8&) s8R tnrrumu ( UV
aral ejéendafohnhokbheam g°ven gen Kk b r dalga bo
Kek | de emeb | ece]j bel rlenm xt r. kek | 2(
ol dujunu g°stermekted r. Bu dejer, fotokatal
g b rlet ¢ Ier n fotokatal t k bozunmasénda

(a) (b)

Intensity (a.u.)
(a*hv)™?

T T T T T T T T T T
200 200 400 500 600 700 800 178 2.00 225 2.50 275 3.00
Wavelength (nm) Energy (eV)

kek .|l (aDRUVspektrumu, (b) Knd rekt ene
3.2 Fotokatal t k Akt v te

Fotokatal t k reaks yonlar, TC brozaméla sa&lntdéan
ham MnO ve Co O séraséeyla %81 ve %77 akt v
alanlar b r km Kk ve 0.1 MCO (%87) ve 0.5 MCO
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MCO kompoz t nde akt v te %75' en drg kKarkgtktforal a
nh be etmes ndend r.

L 1

©0.5MC
o]
0.8 @ 2.0MC
$ o
0.6 o
[ J
° °
0.4 @ °
[ J
. . .
0.2 ° ('} !
[ J
[ J
0
-30 20 70 120 170
kek .Hat al z°rler n G°r¢negr 1 kék Alteén
3.3 pH Etk s
kek | 4(b), farklée pH dejerler nde 0.5 MCO

g°stermekted rg d80O. mdakpKa8aOl0&te %98, pH 6
%76 ve pH 11.0006de %67 ol arak bel ri-enm kt r
ol dujunu g°stermekted r

TC, pH6éa bajlé olarak farkl é yon k formlard
ortamda poz t f, baz k ortamda negat ff y¢kl ¢
g der m slaljoldaer , tpH 8 kuvvetler artar ve ver 1

noktasé pH 9.516d r; bu dejer n ¢zer ndek p
1.2
® pH:3.00
e 1 @ pH:6.00
0.8 s ® pH:8.00
@]
8] 0.6 s
O ° ° $
0.4
i °
[ J
0.2 b
[ J
[ J
0 ]
-50 0 50 100 150 200
Time (min)

(a)
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14
12
10
ERE:
L 6
o
4 pH,,.:9.51
2
0
0 2 4 6 8 10 12 14
PHinitial
(b)

kek .l ¢agdelt n n pH Dejer n n Etk s vV e

3.4 Reakt f Oks jen T¢grler n n Etk s

TC bozunmasénda rol oynayan rad kaller bel
(1 mM) kull adermexkt er. sBuageéeyla h , AO vV e
56e g°r e, BQ kull anéméyla fotokatal t k akt
oynadeéej e g°r ¢l megktegr. EDTA l e %63 g der m
and &l mekter. I PA se %77 g der mle en az etk
bel rlienm kKt r
1.2
® Control @ BQ@ EDTA® IPA
e 1
08 @
o ° : ° e °
O 0.6 o °
o °
0.4 ¢ ¢
0.2
[ J
0
-50 0 S%ime (min])oo 150 200
kek Realkbt f oks jen te¢grler
5. SONUC¢
Bu -al ékmada, Mn O/ Co O (MCO) fotokat al z°%r |
karakter ze ed I m kt r. XRD-Cand&l rtlear m nmek &
ett J n ve bu b rlek m n tetras &klrn fotobo
Fotokatal t k TC bozunumu, pH ve reakt f oks
yé¢ksek akt v te, 20 mg katal z°rle as d k ve
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%5 Mn O -eren 0.5MCO °rnej en y agekdlor man
bozunmayé engell eyerek baskén oks dat f tg¢r
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¥ZET

Sentetik by al ar én sucul ortamlar dan gideril mesi
s¢rdegrelebilirli k a-éséndan begyeéek CF@Qevm t aker
manganez oksi't ( Mn O) , bilyalé °]J¢tme y°ntem
amadea kullanéel mék ve bu mal zemel erin Kongo
et kil eri i ncel enmi ktir. Elde edilen adsorba
karakterize edilmiktir. AdsofFOphst goan dEnbdnpDe
°s nejinin deneysel olarak ulaktéjé maksi mum
edi |l mi ktir. Bu bajlroumnda, -1 &atekmaevMnO°®vel CoK
CoMnOx hibritlerinin boya gi ddemekadr.i -in et ki

Anahtar Kelimeler : Azo Boya, CaO4, MNOs, Kompozit, Adsorpsiyon

1. GKRKKk

Su, insanlar, hayvanlar ve bitkiler dahil ol m
en temel gereksinimlerden biridir. Bu nedenleksay nakl ar éné Kkirl eten wun
kal dér el mas e, ekosistemin ve yakam d°ng¢séneén
et mektedir. Bu kirletici(Adametal, 2021; Daafarnidhi ri de
Haji Shabani, Moradi, & Emami, 2015; Hosseini, Vossoughi, Mahmoodi, & Sadrzadeh,

2019; Katheresan, Kansedo, & Lau, 2018; Mohajershojaei, Mahmoodi, & Khosravi,

2015) . Senteti k boyalar; tekstil, -°9z¢ce¢, deri,
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pl asti k, k ©] et , baskeé, pestisit, ahkap koruydt
yaygeén ol arak kull anél maktlarhésré.,, Bw kmeadare | -eea« int
etkilerini giderek daha °nemli hale getirmik \
bir-ok ar akt ér méade,nGovindwaij, & Paul, QL% t Mehmoodi,

Taghizadeh, & Taghizadeh, 2018; Odge, Adegboyega, & Giwa, 2021Boya ve

pigmentler, ©°zellikle geéeda, tekstil ve 1l a- ¢
kirleticiler arasénda yer al maktadér. Bu bile
g°%st emikri,l @ngmentl er dojada kol ayca bozunmayan

ol an zararl & aték maddelerdir. Kongo Kkeér méz:é
end¢strilerinde yaygén ol arak kull amél an bir
giderimine y°nelik yaklakéek 7000 bilimsel - a
araktérmacélar nezdinde g°rd¢jeé¢ yojun il giyi
yapélan bu -al ékmal arda; f ot ok atelknolgjilerij K y°nter
adsorpsiyon teknikleri ve katalitik sistemler
arasénda adsorpsiyon, y¢ksek se-icilik sajl ay:
ve etkili bir su amap&tamhéy°nAgmecal amdko?pei ye
prati k uygulanabilirliji ve d¢kek(Costakti yetl i o
al., 2020; Mandal, Calderon, Marpu, Omary, & Shi, 2021; Marcelino & Amorim, 2019)

Adsor psi yord a- ylaggkgmanl aorléar ak kul l anél an mal zeme

kar bon, bi yoakg®amg rk, imetedlet yapeéelareée (MOFOI ar)

al maktader . Bu mal zemelerin CR gideri mi czer|
¥zelli kle metal oksitler, yécksek adsorpsiyon
fonksiyonel yé¢zey °%zellikleri, farkl é& kompoz
maliyetleri ve yaygén bul uknkaabti I-ierklmekklteerdii rgi bAy
yapélar toksi k maddeler ile ajér metallerin g
Met al oksitlerin ¢ste¢gn adsorpsiyon performans

reaktif yézey grupl ar énak taalkirp  dluma® zaeg lélnidkalne

kirleticilerle g¢-1¢ etkilexkimler kurarak yg¢k
kompozitler, genik pH ve sécakl é&k aral ekl areéeén
-evresel konkluel lkaurldaa ndéal agb¢ivliei r . Ayné zamanda, d
kull anél abil me yetenekleri hem adsorpsiyon ka,
terlerinion -ekitlhiliJini artérmaktadeér. Yéze
sayesinde, met al oksitler ajér metaller ve or
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sahip adsorbanl ar Agravat,Phtel, & isatmah, 2024 AlAjMI, me k't e d i
Bosu, & Rajamohan, 2024; Avornyo & Chrysikopoulos, 2024; Keshth, &024)

2. DENEYSEL ¢ALI kMALAR

2.1 Malzemeler

MNO (%99, 9 Pa(wWweldia) saflCbékta) -Akdmngao h&téee meé &

edi |l mi ktir. Kull anélan t¢m kimyasallar anal.

2.2 Bilyalé ¥j¢tme YOoOnt emi il e CoMnOx Sel

CoMnOx hibrit oksitlerinin sentezinde0 10 g

15ve2,0gkobaltoksit(®@Y t ozu il ave edil miktir. Bu kar
bilyalé dejirmende 5 saat s¢reyle °7 ¢t el mek
kadar paslanmaz -elikten yamell mak,t é0d,.5 Kxrh e-ma
edilen tozl ar bilyelerden ayreéexteréelarak el

kKurutul muk ve havanda yeniden °J ¢te¢el erek h
°rnekl eri , fOkmil K taanréd resné yyi’ax eCesMdn@x 1 (0,5 g), C
CoMnOx3 (1,5 g) ve CoMnOx4 (2,0 g) ol arak ad

2.3 Karakterizasyon

Sentezl enen sorbentl erin -Pleritgt aP o wy apkeél maé réek ¢

di fraktometresi ( XRD) kullanél arak belirlenrm

3. SONU¢CLAR VE DEJERLENDKRME

MnOveCgOWi - eren i norgani k numunel erin kréinsaat al vy
y°neléeiklent kéréném (XRD) analizleri gl ekl ek
il avesiyl e sentezl enen Co Mn Ox numunel erini
sunul muktur . Mn Or@Wnai Kkitlaarvéen éend i0l, e5ré IlgBadsaén, 2k &r &
desenl eri ndtealParelld ifkd 21 aCroa ai t pi kl erin yoju

ol muktur . Bu QM zleemj iamitmakrCast al yapeénén dyg:
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ve mekani k al akémlama isgreathdeéndablubemumnagi

i Kar et et mektedir.

XRD desenlerinde, sistemde mevcut ol an krist
-ubuk semM®Ffiydé ,dadire il e, FOBfodDz & ama&- a& | sn@amb o
I karetlenmi Ktir. Bu fazlarén tamamé, l' i1 terat
ve °rneklerin kristal faz olukumu a-é&séndan

MnO6nun bakl éca farzawmdnrlrakoksailtdéefj azlvaer énoé n

daj el mék halde bulunduju FO@e@egmpi f arcklli & mok aind &

matrisiyle uyumlu kKkekil de heterojen bir yapeée
ger-eklexktiJini g°stermektedir.
+ # :MnO #:Co0
L ] @ :B-MnO, #:Co 0,
A . L "
E CoMnOxd
Enulh-_ﬂu
=
o |l | CoMnOx3
g
2 CoMnDx2
m HLHM i,
| |
I — T Ty
m a0 “ 80
2THETA

G°r sel 1. XRD ¥rnekl eri

Ayrécr@i |l@Govesinin artmaseéyla birlikte kéeréne
hal e gel mesi |, kristalli k derecesinin arttej
kazandéjéne d¢gkegnddrkmeéKteetdmer .i kBuemdani me ksard e ¢
sajl amakt an °teye ge-er ek, bil ekenler ar as¢
koymaktader .

Sonu- ol arak, XRD analizl eri CoMnOx numunel e
ancak CgOtve tlegmrmewnmin al akemlama s¢recine etkin

créenlerin -ok fazl é, kristalin hibrit yapéla
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120
A
100
80 A A
o A A A
o 60 A A Ay A
40 = A CoMnOx1
AA A CoMnOx2
20 A CoMnOx3
0 & A CoMnOx4
0 10 20 el 40 50 60
G°rsel .2 Kzoterm ejrilerdi
Kompozitlerin izoterm ejrileri kéeyasl andé v
model ine en uygu mod el ol duju sonucuna var
adsorpsiyon kapaS|teIer| kar kéelraklteeg:el defyredxd
(62,81 mg/g) > CoMnOx3 (108,70 mg/g) > CoMnOx4 (75,94 mg/g) > CoMnOx1 (56,02 mg/qg).
Bu d°rt farkl @ numune i -erisinde en iyi CR

edi |l mi kKt ir.

4 . GENEL DEjERLENDKRME VE SONUC¢LAR
Bu -alékmada, kéokhmeaz&s & ophGR) boyar maddesi nin

amaceéeyl a, bilyaleé °J¢gtme y°ont emi il e sentezl
performansé incelenmiktir. Yapél an adsorpsi
Langmuir imt erm modeline wuyum g°sterdif§ji bel irl e
y¢zeyde tek tabakalée ve homojen bir kKekil de
CoO1i - eren CoMnOx2 °rneji, dijer numunel ere Kk
ul akméxkt éer . Bu sonu-, CoMnOx2"'"nin CR gider:i
ortaya koymaktadeéer .

)l
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¥ZET

Yapél an deneysel -al ékmada, D¢nyanén -exitli
kayda dejer ekonomi k dejere sahip bir t¢gr ol
kinetijJinin iméektémmeDenamdel krul |l anél mak ¢z
kKekil de i ki farkl e kal énl éeja sahip pa40l eécan
AC de bir ge¢n °nceden derin dondurucuda bek
kur ut maa cy éiralzeemt i ri |l erek deneyl er bakl at €1 mé

numunel erinde ger-eklexken ajeérl éek kayépl are

veriler, 10 farkl e kinetik kurut ma model i ni
ayat anmékt ér. Bu s¢re i -erisinde, 100 g ajérl
i ki saatte bir °l-¢lmgk ve nem i -erifji ( MR)
g°re MATLAB programé kull aneéel aertak locemr if arnkled e
Bu veriler neticesi nrkdaer;e HnX]k)¢ -deeki eirnldeirrig e4dn nmnx
i -in 1%5v3e338 1Mm' | i k patl|l éc&al @i dak mber unind k hu r
birlikte k°k ortalama kare hatasé (RMSE) de
belirlenmiktir. Ayreéeca, belirl eme katsayélar
numunel er i -in 1 se t0r9 %Y%4 boul asroanku -hl easraap | baanknéél k
yakén bir uyum ol dujunu g°r ¢l mektedir. Dej e
kurut ma model i her i ki dilim kal énl éjée i-in
dilimlerinimeékuwmreuma -ccavrkdred i ne bajl é ol ar ak
dilimlerin daha d¢kegk bir kuruma heéezeé sergi

bakl angé-ta mevcut olan daha y¢ksek nem sevi

olarakle sapl anan Efektif dif¢czyon Kln®/ssay &8s énnd dij-e
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géda ¢renl er if?iile®mid sbalriad lée¢gedamhak® bduj u gor ¢

Anahtar kelimeler: Pat | écanén kKkurutul masé, Mi di || i mo d ¢

FREEZE DRYING AND KINETIC MODELING OF SLICED EGGPLANT WITH
VARIOUS THICKNESSES

ABSTRACT

In this experimental study, it was aimed to freeze dry eggplant, whiclovengn various

tropical and temperate regions of the world and has a significant economic value, and to
investigate the drying kinetics. Eggplant slices with two different thicknesses, 4 mm and 8 mm,
were cut and made ready for the experiment. The sanvpleskept in a deep freezer-4t0 A C

for one day beforehand and the experiments were started 24 hours later by placing them in a
freezedrying device. During the drying process, the weight losses of the eggplant samples were
observed and recorded and thelsta were applied to 10 different kinetic drying models. The
duration of the experiment was set as 14 hours. During this time, the weight loss of each
Eggplant slice weighing 100 g was measured every two hours and the moisture content (MR)

was also caldated. According to the experimental results obtained, the parameters of ten
different drying models were examined using MATLAB program. As a result of these data; the
smallestreducedclsiquar e ( X] ) val ue sfomtenmeggplantsiices angs 1, G
9, 5 28fbrB m eggplant slices. In addition, the root mean square error (RMSE) values
were 0.0004081 and 0.01091, respectivel y. F
were calculated as 0.9999 and 0.9994 fodthamn and 8 mm samples, respectively, indicating

a neaperfect fit. Among the ten kinetic models evaluated, the Midilli drying model was found

to be the most appropriate model for both slice thicknesses. The drying behavior of eggplant
slices was investaged in relation to their moisture content. Slices with a thickness of 8 mm

were found to exhibit a lower drying rate, which was attributed to the higher moisture levels
initially present in these samples. In addition, the effective diffusion coefficiahies
calculated depending on I n@MR)f wer4¢ wmml anoda
10%m?s for 8 mm. The effective diffusion coefficient values were found to be in the range of

1012- 108 m?/s determined for food products in the literatu

Keywords: Drying eggplant, Midilli model, kinetic drying model.
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INTRODUCTION

Eggplant (Solanum melongena L.) is a vegetable species belonging to the Solanaceae family.
Eggplant, which varies in color, size and shape from region to regiamwa as an important

food widely consumed worldwide [1, 2]. This plant is widely cultivated in Asia, the
Mediterranean region and North America [3]. It is also a species of considerable economic
value in various tropical and temperate regions of thedaemt is rich in vitamins, minerals
(especially iron) and fiber [4]. Eggplant, which is produced in many places in Turkey,
constitutes an i mportant trade item in the g
production in Turkey is 832,938 tomsccording to this data, Turkey ranks 4th by providing

1.5% of the world eggplant production [5]. Eggplants contain various phytochemicals such as
phenolics and flavonoids [6]. It is among the top ten vegetables in terms of antioxidant capacity
due to itsphenolic components [7]. Characterized by having a bitter taste and a fibrous and
elastic pulp, it is very important for the prevention and treatment of diabetes, as it improves
glucose tolerance and contributes to lowering LDL cholesterol levels [8]. Wowié has a

high moisture content as it contains up to 94% water, which leads to its rapid deterioration [9].
Eggplant is a vegetable with a shelf life of about 10 days at a temperaturel d& 10A C . The
limited shelf life is a severe disadvantage for owercial purposes [10,11]. Therefore, different

drying methods are used to extend the shelf life of eggplants. Dried eggplant can be used as an
ingredient in different types of dishes, instant soups and sauces [7]. Drying is an alternative
method for longterm storage of eggplant [12]. The aim of this approach is to remove the main

part of water from food by evaporation or sublimation, a complex process involving heat and
mass transfer during moisture removal [3]. More specifically, drying or dehydratian is
important industrial process that involves the removal of moisture from a wet solid through
facilitated heat and mass transfer [9]. Dehydration is considered an important process in food
processing industries as it helps preserve food and improvesdioalty and hygienic
conditions [13]. Many studies have been conducted on the drying of vegetables and fruits.
Different drying methods have been used in studies on the drying of eggplant. Looking at a few

of these studies; Muhammed et al. experimentalgstigated the drying kinetics of eggplant

in a laboratoryscale fluidized bed dryer. The experiments were carried out at drying
temperatures of 60, 70 and B80AC Thepdttha cons
experimental moisture content data ¢o different mathematical models and concluded that

the model developed by Demir et al. is the most appropriate model. They also observed that the

110



o CONFEREgr,
5 ;’c

Y
ok

SELCUXh11I NTERNATI ONAL CARNFEISENERKNCES
May -238, -XKOON5YA
— Proceed -h§BNBNSBKS9 24

......................

dried product obtained from the fluidized bed dryer had better color quality compared to drying

indirectsuh i ght [ 13]. Ertekin and Yaldéez examined

in a laboratory type dryer. They dried the eggplants in an environment with temperatures
between 30 and 70 C and speeds between 0.5 and 2.0 m/s. The drying curvesfoitaied
experimental data were then fitted to different sémbretical or empirical thin layer drying
models. When the experimental data were analyzed, the Midilli et al. model was found to be
the best model to describe the drying curves of eggplaiéseffects of drying air temperature

and speed on drying constant and coefficient were also investigated [14]. In their experimental
study, Colucci et al. evaluated the effect of various drying process variables such as air
temperature and speed, ultrastyower and sample size on the antioxidant properties of
eggplant samples. Thus, they carried out their experiments at different drying tempefatures (
-75-10 AC), wultrasound power | evels (%using25,
different sample sizes (8.8mm and 17.6mm cube edge). Ascorbic acid content, total phenolic
content and antioxidant capacity of dried products were considered as quality indicators of dried
samples [15]. The study we carried out was on freeze drying of eggptas with different
thicknesses. It is known that freedeed fruits and vegetables offer shorter rehydration times
and higher rehydration capacities than products dried using other drying techniques [16, 17]. In
addition, the flavor retention in retisated freezalried vegetables and fruits is comparable to
that of freshly boiled ones, and vitamin and nutrient loss is minimized due to the low processing
temperature used [18]. Therefore, from a quality perspective, foreztk rehydrated foods
represat the best option to meet the growing consumer demand for healthier convenience

foods.
MATERIALS AND METHODS

In the experimental study, eggplants sliced in two different thicknesses of 4 mm and 8 mm were
placed in different containers and made ready todeel in the experiment as shown in Figure

1. A total of 14 samples were prepared by preparing 7 of each of the containers, each weighing
100 g, and placed in the deep freezer and ket & AC one day before
experimentOn the day of th experimental study, the samples kept in the freezer for one day
were placed in the Labogene Scanvac Coolsafe freeze dryer shown in Figure 2 and the drying

process was started.
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Figure 1. Prepared 4 mm and 8 mm eggplant samples

The evaporator temperature of the device was reduced @ AC and the dryi

pressure was set to 0.01 kPa. The pressure adjustment in the device is provided by a 4x10
mbar vacuum pump connected to theide.

Drying chamber

Cooling

Control unit

panel

Vacuum

Compressor

Figure 2. The freezadrying device's schematic

Before starting the freeze drying process, all necessary parameters, including pressure,

temperature and operating time, were entered into the control panel of the device and the drying
process was preped.

10

O h

-10 -

-20 -

Temperature (£C)

-30 -

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Drying time (h)

112



SELCUXh1| NTERNATI ONAL CAORFEIBEDNGEHKCES
May -28, -XKOON5A
— Proceed -h§B N BDNBRS9 &

Figure 3. Temperature readings in relation to drying time

The drying time was planned to be 14 hours and-tieendent temperature values were set

and entered into the system. The tidependent temperature change is detailed in Figure 3.

The egglant samples kept in the deep freezer were placed in the device and the process started
at-40 AC at a pressure of 0.01 kPa for the fi
pressure, the temperature changes gradually as shown in Figure 3odéssstarted &3 0 A C

for the first 180 minutes, continued-&t0 AC f or the second-dde80 mi n
at-10 AC for 120 minutes, 0O AC for 120 minut es

minutes. Seven eggplant samples, eactyhiieg 100 g, were prepared to measure moisture

loss every two hours. The first samplé was placed in the dehydrator and 120 minutes later it

was removed from the freezer and mass loss was measured with a precision balance.
Figure 4. The view of the sample

After drying the first sample, the second sample was placed in the device and dried for four
hours under the same conditions. The view of the samples in the device is shown in Figure 4.
The mass loss calculation method applied éditist sample continued to be used for the second
and subsequent samples. These procedures during drying were applied equally for both 4 mm
and 8 mm pear samples. At the end of 14 hours of drying, the samples were removed from the
device and placed in aven for about 60 minutes, then placed in a desiccator filled with silica

gel for about 15 minutes, weighed and the final mass loss was recorded.
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Figure 5. The moisture ratio curves of eggplant slices as a function of drying time

This step removes angsidual moisture from the product, making it possible to accurately
determine the moisture content. Figure 5 shows the experimental moisture content curves for 4
mm and 8 mm thick eggplant slices after 14 hours of freeze drying. Although complex
mathematial formulas are not required to calculate the drying rate from experimental data, the
resulting equations are tailored to the sample and the experimental conditions from which they

are derived. Among sesiiheor et i c al model s, t aisofttnflusedar i t h
[19]. Moisture content (MR), a dimensionless quantity indicating the change in moisture
content of eggplant slices over time, can be calculated using equation (1). However, the drying

rate (DR) can be determined using equation (2).

0'Y L p
0 0
oY ———— ¢
Qo
The dimensionless moisture content (MR) as a function of time (t) is found by applying
Equations (1) and (2). In these expressiorsishthe initial moisture content, Mt is the moisture
content at a given time t and Md is the equilibrium moisture content. These equations allow the
determination of MR values during drying and thus show the change in the dimensionless

moisture content aéggplant slices as detailed in the equations [20].

P

YOYO & 0§ DY o
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The estimated standard error (RMSE), as expressed in equation (3), indicates ¢iparityc

between the predicted values derived from the experimental model and the observed kinetic
data. A decrease in the reducedstpiare (X) value indicates an increased agreement between

the model and the experimental results. Furthermore, thecaefint of det er mi nat
in Equation (5) assesses the expressive power of the model in relation to the experimental data
and thus serves as an indicator of its applicability. Using multiple regression analysis, the
coefficients of the most approgte model were determined based on statistical evaluations.
From the data obtained, ten total kinetic models, detailed in Table 1, were used and the most

appropriate drying model was determined [21].

Table 1.Equations of kinetic drying models [22].

Order Name of Model Equation of Model

1 Newton MR = exp¢kt)

2 Page MR = exp¢kt")

3 Mod. Pagd MR = expF(kt)"]

4 Henderson and Pabis MR = a.expfkt)

5 Logarithmic MR = a.exp{kt)+c

6 Two-term Ekp. MR = a.expf{kt)+(1-a)exptkat)
7 Wang andSingh MR = 1+at+bt?

8 Diffusion Appr. MR = a.expf{kt)+(1-a)exptkbt)
9 Midilli Appr. MR = a.exp{kt")+bt

10 Verma MR = a.exptkt")+(1-a)expégt)

Table 2 shows the®RX? and RMSE values and results of 10 different kinetic drying models.
As can be seen in Table 2, the parameters of freead eggplant slices of both 4 mm and 8
mm thickness are shown for 10 different models. Here, the Midilli model was found to be
approprate for both 4 mm and 8 mm thick samples wiftaRd X values closest to 1. At the
same time, the other main factor supporting the suitability of the midilli model is the estimated

standard error (RMSE) value, which is closest to 0 [23].
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Table 2. Statistical results of drying models of process.

Parameters of
Model

Samples

2 2
Thickness(mm) B A

Name of Model RMSE

Newton

0.2927
0.2313

0.9942
0.9967

6,394x10"
3.803x10

0.02529
0.0195

Page

0.3664
0.8515
0.2356
0.9894

0.9986

0.9967

1.770x1¢*

4.405x10"

0.0133

0.02099

Modified Page |

o H [0 b |00

0.3066

0.8322

0.2237
1.057

0.9995

0.9954

2.985x10"
6.08x10*

0.007681

0.02468

Henderson and
Papis

N

0.9812
0.2874
0.9937
0.2301

0.9947

0.9967

6.801x10"
4.40x10%

0.02611

0.02088

Logarithmic

0.9666
0.02057
0.3074
1.016
-0.02935
0.2125

0.9956

0.9976

6.815x10*

3.834x10"

0.0261

0.01958

Two-term
eksponential

0.1894
1.282
1.254
0.244

0.9991

0.9967

1.106x10*

4.388x10"

0.01052

0.02095

Wang and Sing

-0,1865
0.008636
-0.1638
0.006891

0.9401

0.9794

7.773x10°

2.737x1C°

0.08816

0.05232

Diffusion
Approach

0.1694
0.1136
2.163
-0.03826
0.7703
0.303

0.9992

0.9967

1.19x10

5.31x10*

0.01093

0.02304

Midilli
Approach

0.9999
-0.003346
0.397
0.7523
0.9999
-0.005591
0.2658
0.8433

0.9999

0.9994

1.333x10°

9.523x10°

0.000408

0.01091

Verma

QL AQUIZTATRIATIATLATLDITRDTQRDARDIAQCQLIAQYANYIARSIANIRNEZAEANARN

0.1713
0.2449
11.56
0.003829
0.223
10.43

0.9992

0.997

1.17x10

4.85x10

0.01082

0.02178

116



o CONFEREgr,
5 ;’c

Y
ok

SELCUXh1| NTERNATI ONAL CAORFEIBEDNGEHKCES
May -28, -XKOON5A
— Proceed -h§B N BDNBRS9 &

Figure 6 shows the drying rate versus time during freeze drying of eggplant slices. At the
beginning of the freeze drying process, the drying rate is quite high as a result of the high
moisture content on the surface. Then, due to the verylow plateteomesl3 0 AC) , t he d|
rate decreases rapidly during the first 2 hours and the moisture content (MC) on the surface of

the eggplant samples dries rapidly.

N
i

——4mm —4&—8mm

= N
» o

Drying Rate (g water/g matter.h)
[ERN
N

Drying Time (h)

Figure 6. Variation of drying rate of eggplant samples

The theoretical model, which has been widely investigated in the thin layer drying of various
foods, is determined by the solution of Fick's second law [22].

T o
1o ) ?

Equation 6 is solved for Cartesian coordinates by taking the diffusion coefficient constant and

simplifying with appropriate boundary conditiongjuation 7 is obtained.

o Youn O O
2 S00n — X

Where Deff is the effective diffusivity (ffs), t is the drying time (s), L i&i¢ halfthickness of
samples (m) and n is a positive integer [ZBhe effective diffusivity (Rx) values were

calculated by plotting experimental drying data in terms of In (MR) was plotted versus time
(Fig. 7).
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Figure 7. Plot of In(MR) versus freze drying time for eggplant samples
From Eq. (7), a plot of In (MR) versus drying time should give a straight line with a slope (K):

0

+ ~
TV

P

Effective diffusion value was calculated for eggplant samples dried at 4 mm and 8 mm thickness
usingEquaton 8. For 4 mm the effective diténlusi on
for 8 mm &m%€ Bhe effective diffusion coefficient values were found to be in the

range of 162 - 108 m?/s determined for food products in the literatu4][

RESULT AND DISCUSSION

In this study, the freeze drying process of eggplant slices cut into 4 mm and 8 mm thick slices
was investigated both experimentally and statistically. Freeze drying is known as a drying
method used for drying many fruits aneetables and extending their shelf life. Therefore, the
change in the MR ratio of eggplant sliced at different thicknesses as a result of freeze drying
was investigated. The data obtained were applied to a total of ten different kinetic drying models

to determine the most appropriate model for predicting the weight reduction during 14 hours of
freeze drying. According to these data, the smallest reducedghi ar e ( X] ) wval ues
to be Pf883418m eggp!l antfor8mm eggent slcesdHoveves 2 31T 10
root mean square error (RMSE) values were 0.0004081 and 0.01091, respectively.
Furthermore, the coefficients of determinat:
mm and 8 mm samples, respectively, and these results ma@dicagar perfect fit. Among the

ten kinetic models evaluated, the Midilli drying model was found to be the most appropriate

model for both slice thicknesses. In addition, the effective diffusion coefficient values
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calculated depending on In (MR) were chlcat ed as®m’ 8480f 40mm and

101°m?s for 8 mm. The effective diffusion coefficient values were found to be in the range of

1012- 10® m%s determined in the literature for food products.

Nomenclature

MR
MO
Md
Mt

The moisture ratigdimensionless)

The initial moisture content (g water/g dry matter)

The final equilibrium moisture content (g water/g dry matter)
The moisture content at a time t (g water/g dry matter)

a,b,c,nThe constants of the models

k, ko, ki Drying rate constants (mih)

V4

t

N
DR
Deft
MC

Number of parameters in the model
Time (min)

Number of observations

Drying rate (g water/g dry matter)
Effective diffusivity (m?/s)

Moisture content (g water/g dry matter)

RMSE Root mean square error

R? Coefficient of determination
j? Reduced chsquare
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ABSTRACT

Ultrasonic flow meters offer advantages over

| omai ntenance and | ong service |ife. Howe v
propagation speed of ultrasonic waves i n wa
presents an embedded ultrasonic measedlamedt
errors without relying on a physical temper
devel oped on -MhéeéasaBWM ESE0MBB2k476RG microcontr
programming | anguage using STM32Cubiedn PEasnda
transmitter and the other as a receiver, are
transmit sound waves through a reflective
precisely measure the tiime tohe fdup sgthrte a(nl Caénd
directions. TOF measurement, both flow veloc
temped aduced measurement deviations are comp
algorithms that aMAGLABaASHhed!| ohkl amed wssbsgque
the micr-baseatlr meheur ement module. The fl ow
the collected TOF data, and then this flow
estimatel olwerateuabi hg machine | earning algo
neur al net works), thereby dryenlaantiecdalelryr ocrosr.r eTcl
provide corr echaesde df |oorw TeGR i doaftfeeer|eantcieessn a tCer cohsr
al so applied to i mprove robustness against
evaluated in terms of applicability i n indus
been made due to its potdeuncttisal SPolr ccoonatvreorls iic
ti me data commun-t®agiomal aldnWwermlt eg struct ul
acquisition. Thednmriesaehtcombmhemws dthiadn dalt@or i th
and adaptabil ity osfysutletmsa stoon iecn vmeraosnuneennteanl t
Keywoddsrasonic Flow Measur ement, Temperatur
Embedded Systems,
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1. INTRODUCTION

Ultrasonic flow meters are widely used in intelligent water meters because of their high
sensitivity, noacontact measurement capacity, and their compatibility with integrated systems.
These systems determine the flow rate by measuring the flight time difference (TOF) between
the ultrasonic signals that are emitted in the upstreash &hd devnstream @a)directions.

However, as the speed of sound propagation in water depends on temperature, temperature
variations negatively affect the accuracy of measurement (Akbar, 2023). In conventional
systems, this effect is compensated by physical teatyersensors. This study was conducted
within the scope of an industrial coll aborat
aims to provide an innovative solution for precise flow measurement in smart water meters
without the use of temperatusensors. However, this approach increases the complexity of
costs, energy consumption and hardware (Yao et al., 2021). This paper presents an ultrasonic
flow measurement system that can compensate the temperature effect without using a physical
temperatue sensor (Mahesh, 2020). The Simulink model generates synthetic datasets by
simulating different combinations of temperatures and flow rates. Directional delays are
calculatedbased on the temperatesiependent sound velocity and ultrasonic signals are
syrthesized accordingly. A cros®rrelation (xcorr) algorithm was applied to accurately extract

the time difference ) between the simulated upstream and downstream signals.A controlled
simulation environment has been created that can generate ré&k@bldata under different
temperature and flow conditions without the need for real sensor data. This simulation
environment allows both accuracy tests to be performed and machine learning models to be
trained (¥ztg¢rk & kahi n signeditddperateinihe te@penaturé i n k
range 56 0 AC and fll6ons. TheaT®IF differnce2data were extracted by cross
correlation (xcorr) method and a labeled data set (with actual flow rate and temperature
information) was created for each sampleese data were imported into Python and the model

was trained with a multilayer artificial neural network using the st#tn library (Dongare et

al ., 2012). The model 6s performance was eval
the coefficimt of deter mination (R]). After evaluat
separation is used to avoid overfitting. The embedded system operability of the model was
tested on the STM32L476RG microcontroller using STM32CubelDE. The analog signals f

the transducers were sampled with the internal ADC and the TOF differences were calculated
with a crosscorrelation algorithm written in the firmware. The trained machine learning model

is translated into C language and embedded into the microcontvadhestatic weight matrices
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and a feedorward network function.As a result, based solely on the TOF difference signal a
prediction mechanism has been successfully implemented where the temperature is not directly
measured but its effect is integrated i@ t he model (G°k-en & Yexi
provides a lowcost and realime, temperature compensated ultrasonic flow measurement
solution. The neural netwotthkased machine learning model developed in this study can predict

the flow rate only with T® differences and temperature information, and even without a
physical temperature sensor it can model the temperature effect from signal statistics. The
model is trained in Python using the scilearn library, then migrated to C language, embedded

in the STM32 microcontroller, and runs in real time. In this way-tiea and coseffective

temperaturendependent flow measurements were realized in the integrated system.
2. MATERIALS AND METHODS
ZIONIKCI Tscel BW?13t SnU

ZIONKONI yt cal Mo d el ng ow VMedFod tfyf erence ar

I n ultrason ¢ flowmeters, two transducers ar
t he -aff Imeght d fference between the upstream
pr nc ple S |l l ustrated n F gure 1.

L

|l
| i |

[A] (B]

[Transducer] [Transducer] L

4
>

_______________ =

b,

\‘___________-—

Figutéettasonic flow meter principle and trar

The flow veloc ty n an -bualsterda soonn tch ef | do winfeetreer!
odf | ght ( TOF) of acoust ¢ waves travel ng

TOF valroemspo nt A to B and from po nt B to
l engths and the fl ow vel edce pteyn dwg n tc osnpse ejde ro fn gs
The upstream and downstream TOFs are g ven b

) @

_<: C=-<: c:
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Her e, L is the distance betweeduteansgdstanseg
Vw(1)sS the speed of sound in water at temperat
(in m/s). Tthleedse ftfreavalcetiimes (TOF Diff) can
‘ ¢ @ @
© © © oY @

This equation showsgitidsata tfhuemcTOBNndiiMverasmrd ¢
di fference of squares of flow veloci#yr)and s
>>2V it can be approxi mated as:

IRS) (3)

0
w Y

Solving this equation for V gives:
o ¢ v @
cvu
Add t onal |l yoff It hgehtt ostuam ctanmebe used to est m
temperature f needed:

10 ¢l Y (5)
® Y oY

Th s equat on comb nesprboper tgeeosmeafr tch ea nde mpgs

term corresponds to the d rect path I ength (
veloc ty on the obl que path (L). The temper
behav or ope@(tdle)v,s owhn dc h mpacts both componer
Under moder ate f oWl wontdhd equwatwhem es mpl f
o 5 0O ©
From th s, the sound speed can be est mated
oy O O 0
[0} [0}

Th s dual use of TOF d fference and TOF sum
theory.

To obta n accur at e TOF values fcroame$ amulbat e
appl ed
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2. 1SZM32 Based Embedded System Appl cat on

The devel oped-bmaasscehd nd olwe gorrredngt on system S
the STM32L746RG m crocontroller (F guw7e 2).

core and S-tsuetuamimgg fwort hr emalcl ock frequency
FPU (Fl oat ng Po nt Un t) support. The syste
| anguage n STM32Cubel DE env ronment. F gure

retalme communwbat eothe ADC captures ul trast
embedded model-t tme peréwr mmstr emdt on.-drThenres

al gor t hms mprove Ssystem accuracy under var

.%)m:u 4

Figure 2: STM32L476RGT@icrocontroller board used for the experiments.

At each measurement <cycle, the system cal cul
t he nput of the model to generate a flow ra
m crocondo®s | eot requ re any external pr oce s

system worckostdas mealhoowd st andal one measur ement

The software o f t he devel oped embedded sy
STM32Cubel DE enveracmméntgurldar eéwamwas done us
and ADC, DMA and GPI O per pherals were conf
were sampled w th DMA v a ADC and the TOF
correlat on al gork trhad e IT hter an enuerdal m eR ywtolron w
f xed we ght andt bmeasprerdr at amd wadaolpwaf dr m
net wor k funct on. Al l comp | at on and deb
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STM32Cubel DE and theveysttemdpeavr ft(hr mhrco® uWwput
F gure 2 shows the STMCubel DE devel opment en

maine [l Embedded_ modelioc

Embedded_model.ioc - Pinout & Configuration

Pinout & Configuration Clock Configuration Project Manager
v Software Packs i

Middleware and Software Pac...

Figure 3: STM32CubelDE environment used for embedded software development.

2.0.ft ware Des gn

221.S mul at on Env ronment and Dataset Geneil
A modularSimulink model has been developed to simulate ultrasonic flow measurbassat

on the relationship between temperature (T), flow rate (V) anddidfigght (TOF) difference

between upstream and downstream signals. The simulation starts with contiadbedhputs:
Tvaeand Walue

The compute_delays block calculates the theoretical delays d1 and d2 (representing upstream
and downstream flight times) using temperatlependent sound speed models. These delay
values are fed to two independent signatagators that simulate the ultrasonic waveforms
received at the transducers. The outputs of the signal generators are processed by the
Sig&corr_calc block, which performs creserrelation to extract the time difference t_diff
between the two signals. Thisethod mimics redime signal processing techniques used in
physical systems where direct TOF measurement is not possible. calc_flow block uses the
estimated tdiff to reconstruct the flow rate V_meas usingdpreved analytical expressions.

Both t_diff and V_meas are saved via dedicated data transfer portssiQudut Vimeany for
postsimulation analysis and training of machine learning models. This architecture supports
fully synthetic and labeled dataset generation, enabling reliable machinademanming and
validation under a wide range of temperature and flow conditions without the need for a

physical sensor for temperature measurement. Figure 3 shows the modeled version.
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compute_delays
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/|_> siggorr_calc
A

Figuléemal i nk model used to generate flow an

Thidecompute _del ayso bl ock n the S mul nk mod
del ays (d1, d2) accord ng to the phys cal S
(T) and flow rate (V) values g aredi docwn sntprueta
fl ght t mes by model ng the speed of sound
Thus, both td ff and | abeled V nput data are

2. 2FRow Est mat on Model MDavkel o@gmeaar Memn d¢p o

In th s study, a model of art f ¢ al neur al
temperature and TOF (t _d ff) nNputs was deve
| abel ed n the S mul nk &nltearonnnenktr.arUse sng d
read by Panda, nput var ables standard zed,
neural networks. The success of the model wa
data, and the r ensuglrtasp hwecr ed evs sguna.l Fzendal | y, th
were transferred to |l anguage C and nNt egr at e

fl ow r att eme n metaHe Showgr ane#& gus eemn.
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OUTLINE

bor @3 21406400

Figutenpbementieng eaarmacnhgi rmodel i n VS Code.

3.RESULTS AND DI SCUSSI ON

3.Generated T me of FI ght D fference Dat a
S nce temperature var at on d rectly affects
TOF calcul at ons. mbhedefsoma, attlees $ hmuls mhk al s
d fferent temperatures w th thedmobana $peede

cresosrrelat on (kcosr $haiwgornt Rmgure 5. The r
modeltsempheer aduced d stort ons and dev at ons
phys cal system. The generated s gnal data

set for tra n ng the ML model and &€d enhabwgwze
Thus, t S poss ble to extyw agnalt hleag esnpamdt

more accurate flow pred ct on w thout rely n
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Figure 6: Output signal of the Simulink model.

3.2Results of Madine Learning Training

In this study, both linear regression and neural network (MLPRegressor) models are trained and
tested in MATLAB/Simulink on a physically generated and labeled data set. The data set
includes time difference of flight (tdiff), tempeéuae (T) and the corresponding flow rate
variables covering a temperature range-6f6 AC and a f |-bhéwn/stladrder r an g ¢
to objectively evaluate the model performance, the training and test sets were separated and a
linear regression modelas applied as a baseline. This model captured the general linear trend
between d# and flow rate but failed to represent the complex andlinear relationships

arising from the physical nature of the system. When the predicted flow rate was compared with
the actual flow rate, it was observed that the model deviated and the predintioed away

from the y=x line, especially in the ranges where the temperature effect was dominant. This
suggests that the nonlinear effects of temperature variations and sound velocity variations on

TOF cannot be adequately explained by the linear model.

The neural network model (MLPRegressor) trained in the second stage successfully learned
complex data relationships with two hidden layers and 64 neurons in each layer. The outputs of
the model showed a strong clustering of predicted and actual flow \satuasd the line y = x

in both training and independent test sets, thanks to its ability to capture nonlinear effects.
Graphical analysis clearly shows that the neural network provides significant improvement,
especially in the nonlinear regimes. Both medekre integrated into the STM32L476RG
microcontroller and subjected to remhe evaluations. Although the linear regression model

provides fast predictions at low computational cost, it is inadequate in cases with complex
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interactions of temperature afidw rate. In contrast, the neural network model provided higher

accuracy and stability in the embedded system. It was able to predict and calculate the

deviations in the flow rate without the presence of a temperature sensor. It is shown in Figure

6.
True vs Predicted Flow (Expanded Data)
1 : :m"[mm =._,ﬁ
i
14 ""'4‘
.r‘""{
. "
%L) ),i' ,i""*
8 '_,-i"/"
A
06 _4'1"'1
ral
§ 4
&
02 | B
F§ u r &lowforecasting results using the MLPRegressor model.
The | near regress on model used n the st ucd
bet ween the fl ghitand mehed fflieWbeate® €V was
s mulat on data and the RMSE (Root Mean Squa
s reasonable for a bas ¢ regress on model,
fl ow prTlehde cgr aomh S shown n F gure 7.
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FigurCcomparon of predicted and actual flow ra
Performance Compar son of Regress o

Table 1 summar zes the key regress on perfor
and Mwalyter Perceptron ( MLaPch neowdeesl san TRhMS H Ro fmao
an MAE of 0.0618 m/s, and an R] score of 0.9
s gn f cantly better results, w th an RMSE o
score of 0.9972. The raeseulstuss cselrsaswW utlh atn bpatehd e
However, the MLP model f ts the d%stcaorbeest.t elrt
shows that t would be a more appropr ate ch
requ rements. 1t S shown n Tabl e
Née HO DT xOAIILI nYIl ¢ UG gl SHE 02¢ tea 10t

ML Model RMSE (m/s) MAE (m/s) R2Score

LR 0.0787 0.0618 0.9668

MLP 0.0219 0.0176 0.9972

4. CONCLUSIONS AND RECOMMENDATIONS
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t me nto the STM32 m crocontroll er. By tran
to the C | anguage, ntell gent flow pred ct
n the nt egrhet eod dpelratofformm!| In seconds. The |
model s were compared, show ng that I near r
whereas neur al net works can model compl ex re
w th alccauh acy. Further mor e, the TOF d ffere
correlat on and the ent re system was operat
phys <cal temperature sensor. Th s appnoach
wh | e el m nat ntgertmhesyrsde edn fmar nt engnce. W 1
|l earn ng, t S now poss ble to go beyond co
rel abl e, and adapt ve sol ut oommnse nfdoerd waot eerv an
the performance of the model n the |l ong ter
sensor dat a nto the model
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¥ZET
Titrekim ve darbe s°n¢gmleyiciler, mekani k si

alténasiasltemak kararl él éjeéené arteéran kritik |

et ki eden periyodi k saléenéemlaré azaltarak Yy«
s°n¢egmleyiciler i se ani ve VYy¢ksek ukiadd dtelcie kk
gerilimler:i s°n¢gml er . Bu bilexkenl er, czel |l i |
ol duju alanlarda b¢yé¢k °nem takémaktadeéer. R
sarséentel ar, uy du vV e uzay grzesli adendakddi
olukturabilecejinden, bu t ¢r sistemlerde ©:
kull anél maktader . Bu -al ekmada, esnek ve day
Poli¢retan) filamentinrffotrmamxsén denays dle cl°a
Testl er, birden fazla sonda roketdi uygul am;
geometri ve doluluk oranéna sahip dairesel

kull anéel mak ¢ zerleée Axidrui enloe KNtarnmn it ka b®ln- ¢ m si st
adet Micro SD kart okuyucu modg¢l ¢, ik adet

karttan ol ukmaktadér. Sens®°rl erden Dbiri TPU
¢ zer i ntei ryielrnhiekkt i r . Ger-eklexktirilen testler

darbe kaynakl é& etkil eri °neml i °]l -¢de azal't
mal zemenin roket ve uzay teknolojil rninmde s

ortaya koymaktadeéer.

AnahtarKelimeler: Ti t reki m s°n¢ml eme, Darbe s°n¢ml eme

poli¢retan, Mekani k sistemler
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VIBRATION AND SHOCK DAMPING WITH TPU FILAMENT

ABSTRACT
Vibration and shock absorbers are criticamponents that increase the stability of the system

by controlling unwanted movements in mechanical systems. Vibration absorbers reduce the
risk of fatigue and structural damage by reducing periodic oscillations affecting the structure;
shock absorbers abrb sudden and hightensity forces and dampen sudden stresses that may
occur on the systenThese components are of great importance, especially in areas where
sensitivity is at the forefront, such as aviation and space. Since the shocks and vitirations
occur during rocket launches can pose serious risks to sensitive components in satellites and
space vehicles, specially designed damping elements are used in such sgstieisstudy,

the vibration and impact damping performance of TPU 95A (Theastp Polyurethane)
filament, known for its flexible and durable structure, was experimentally investigated. The
tests were carried out in multiple probe rocket applications. For this purpose, a circular plate
with appropriate geometry and filling ratioas/ designed. An Arduino Nano based electronic
measurement system was established to be used in dampind bests/stem consists of a
Micro SD card reader module, two 801S vibration sensors and a specially designed PCB board.
One of the sensors is placed the TPU plate and the other on the table as a reference. As a
result of the tests performed, it was observed that the TPU 95A filament significantly reduces
the effects of vibration and impact. The findings reveal the usability of this material as a

danping element in rocket and space technologies.

Keywords: Vibration damping, Impact damping, TPU 95A, Thermoplastic polyurethane,
Mechanical systems
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1. GKRKKk

Havacél ek ve uzay sekt®°rg¢, 20. y¢égzyeéeleéen bacxl
al anl ardan biri ol muktur . 1903'"te Wright Kar
ge-en s¢grede, sekt®r yalnéjdca,siawinle za masnidar
uydul ar , roket teknolojileri ve ticari uzay
kaydet mi ktir. G¢negmegzde b u s &k falliyetleri, ylegik s e k

mal zeme kull anémé,vegapagnamk®i, sbemlo&r verkeki
NASA, Avrupa'nén ESA, Rusya'nén RoscoOoOsSmos, |

Bl ue Origin, Boeing ve Airbus gibi aktorler

SpaceX0i n yenirdoekne tk utlel kannoélloajbiisliiyrl e uzay takeéeé

sekt°rde maliyetl eri ci ddi oranda d¢gKer mgk
( Gos wa mi & Vacchani, 2021) . T¢e¢rkiye, 200061
stratejik br kal kénma ekseni ol arak konumlandér mécxk
havacél ék ve wuvzay teknolojileri al anl arénda
T¢rk Havacél ek ve Uzay Sanayii A. k.- akTlUaSrAk ) .
haberl ekme ve g°zlem uydulareée ile ulusal uza

A

T¢e¢rkiyednion havacél ék ve uzay Vizyonunun t
T¢e¢rkiyednin yer |l ve mil |~ u ydtur atteely n &kl ok arl a
T, RKSAT 6A projesi il e kurumsal bir yapéya
haberl ekme uydusunun 2024 yélénda wuzaya feér
Tée¢rkiyednion haber |l ekme al anéandd aday tekoobjled b aj €
al anénd teknol oj i sreten .l ke konumuna Y

0
a
dejerlendirilmektedir (T, BKTAK UZAY, 2023).
a
n

a-ékl anan Mi || Uzay Progr améag méhgrak i y2omi w
vizyonunu ve stratejik hedeflerini sistemat.
sert 1 nik ger-eklexktiril mesi, b°l gesel konum
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uzay sanayi.i ekosi stteemil mirmr geai klketbiilrmhea gii nwe
Kurul masé gi bi yé¢ksek teknolojiye dayal é ve
(Terkiye Uz ay Aj anseé, 2021) . Terkiye Uz ay

koordinasyonundan ve stratejikhegefl i n uygul anmaséndan soruml u
faaliyetl erini s¢rdegrmektedir . Bu Kkurumsal

havacél ék kabiliyetlerini arteérmaya y°neliKk
t emel aj) iét ivem K-AAN ( Mi-IMIMU) Mgh @i ycUdsalk tekno
projeleri, yalnézca savunma sanayiinde deéecxk:
T¢e¢rkiyednin °2zgen platformlar gel i ktireerek wu
i hracat-€& konumuna ul akmaséné da hedefl emekt
teknolojileri, uzay araktermal ar éneéen t emel |
G¢enegmegzde hem ul usal uzay ajansl|l ameém (NASAz e lE
Kirketler (SpaceX, Bl ue Origin, Rocket Lab)
takémaceéel ejée gibi yeni | i k- projelerle bu a
Vacchani, 2021) . ¥zelli kl eco paT eXe t &8t af 6hdp
sistemleri, yeni den kull anélabilirlik i | kes
takémaceéel ej enda maliyet et kinlifji ve operas

dej i Ki mi yaratmakt adéryalBeztaekiwydlrgjnigley el enl

ucuzl atmakl a kal mamakt a, ayne zamanda der.
ul akélabilir hale gel mesine katké sajl amakt
teknolojilerini sa rlkadrey mlka rPchéred ri &kd ,e rb la r als&md
°]l -¢de mil |~ teknol oj i haml esi kapsaménda
¢l kenin roket ve fg¢gze sistemleri al anendaki
Kurum t ar afléennd aSho ngdeal i Rkatkierti Si st eml er i ( SORS)
y°neli k kabiliyetlerini artéermak amacéyl a ku
eri Ki mini m¢ mK ¢ n kél acak niteli kteki t emel
T, BKTAKnmavibBanayi i Arakt ér ma vV e Gel i Kt ir me
gel i KG¥KTIUJe nthawaa f z&80Mistegmve fizesi il eri
teknolojileri, T¢grkiye'nin savunma odakl e gé
]l -¢de gredl i ¥Xtellmi ktke y¢s¢ksek manevra kabil iy
géedem sistemleriyle donateél mék bu f¢gzeler, m
optimize edilmixktir. (T, BKTAK SAGE, 2023) .
yat r éml ar é, asker. kapasite artéréménéen yane
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bajéeémsézl ék hedefl emekt-6eifraaBuy &bpesaimdauyay

sajlayabilen ¢l keler araséndaélyagmréeml| (marye jm¢n
roket motorlarée, y°r¢nge kontrol sistemleri)
s°n¢gml eyi ci mal zemel er , di nami k y¢kler al t é

sistemlerin °mr ¢n ¢ uzat makumakvteadgape(sRkao, b

mal zemel erin viskoelastik ve kompozit yapeéela

kanat titrekimlerinin kontrol ¢, i nKkaatta si s
gibi multidisipliner uygulamalarda &kl | anél makt adér ( Rao, 2011)
mal zemel er , d¢e¢keéek el asti k modegl ¢s ve yéiksek
ol ukmaktadeéer . Bu kapsamda kau-ukl ar, pol i me
sistemler ydygqné&nd makaadkr kgLakes, 2009) . Bu
enerjisini - yapélarénda ter mal enerjiye
¥zelli kle polivinil be¢etiral (PVB) ve etil en
malzemeler,viskdeast i k °zel |l i kl eri sayesinde hem yap

il zol asyon uygul amal ar énda y ¢ ksek perf or man
s°n¢gml eyi ci sistemlerde ise enerji, mal z e me

h¢cregfeldeyap masyonu sayesinde absorbe edild@i

k°pe¢kl er, bal peteji yapéel ar ve kKekil haf ez
¥rnejin, al ¢minyum k°p¢kler d¢egkegk yojlenl ukl a
©zelli kle savunma sanayinde zérh destek sist
1997). Son yéellarda gel i ktirilen fonksiyon
gé-lendirilmik akéellée s°n¢gmleyi ctifsiseemlerved @k or
3D baské teknolojisi ile ©°zellextirilmik g
al anénda °neml. yenili kler sunmaktadeéer (Zhar
arakteéermalar ye¢regteéel mektelel ypr!|l T BKTAKKd ens iy
°zelli kle savunma ve otomotiv sekt®°rlerinde
ve TAI gi bi Kurul ukl ar, bu teknolojileri h a

kontrol ¢nde kugeta,R020)kt ader ( Zhan

il kemi zde yapeélan bazé titrekim ve darbe s©°n

Nazl ém ve Takkesen (2023) tarafendan yapeéel a

kull anéel arak aktif titrekim s°ing mbeyi criet AT
gel i ktirilmiktir. ¢al eékxmada, Ni Ti ve cam fib
tasarl anmeék, sretim s¢greci detayl e bir akecx
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testl er ger -ekl ekdnlru |l milemardemeans elz| ewrei sk a
s°n¢egml eme yeteneji dejerlendiril miktir. Bul
kol ayl aktérdéjeéené ve anlakélér hale getirdi]
cretilen prliaket Kiin r eek ml ée s°n¢gml eyer ek me Kk
arteéerma potansiyeline sahiptir (Nazlém & Tack
bakta ol mak iczer e -eki t i m¢hendi sl ik uy gu
°© z el | iddniyleteraih edilmektediMatyar, 2023 . ¢al eékmada -el i k ve
polipropilen kompozit kirikler incelenmik, m
s°n¢gm oranlaré belirlenmiktir. Kdmpqgzi-tel kikr ik
g°re daha y¢ksek bir titrekim s°n¢gml eme Kka
mal zemel erin takeéetlarda konfor ve titrexkim
koymaktadér (Matyar, 2022). &rPda Flemg®IS5iA, se
el asti kiyet ©°zellikIleri sunan, °zelli kl e FDI
mal zemedi r . "95A" ifadesi, Shore A sertlik
mekani k dayaneékl él eégegeéel aeéimj dei ey astekiyet 95h
esnek hem de yazdeéerélabilir kélar; bu da onu
m¢hendi sli k uygul amalarée i-in uygun hale gef
yé¢ksek daebeadaeywmaénhi renci ve ki myasal dayar
sayesinde robotik par-alarda, esnek menteke
tabanl arénda ve titrekim s°n¢gmleyici ki steml
sécakl ekl arda bile elastikiyetini koruyabil
cré¢nlerde kull aneméené artérmaktadeéer (Ning et
avantajlaréndan biri de f i | aanseén taiynmr éklénvar & ldned a
ejiliminin d¢gke¢gk ol masedeéer. Bununla birl ikt
deé¢ ke k bagkoe mm/zse) ,( 2005680 eA@E KV ¢ apeéte( BAWBO Nnozz |
AC) gibi ayarl ar aadeéekkak!| iejdii | med eé mii ydriwe)Ay o jercu
ekstr¢gder sistemlerinde daha veri mli -al ekt e
Bu -al ékma, termoplastik polig¢retan (TPU 95A
titrekim weéedacbeeb®emgn ol arak kullaneéel abil
ama-| amaktader. ¥zel ol arak tasarl anan dair
séraséenda olukan yapeéesal titrekimler ve Kok
tbanl & bir °l -¢m sistemi il e kantitatif ol ar
czell i kl eri il e s°n¢gmleme performansé araseé
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kull anél abil ecek hafif ve esnenk ksreint¢gemlleeyriicis
hedefl emektedir. Elde edilen sonu-1arén, °©z
di nami k y¢klerin kontrol ¢ne y°neli k yeniliHKk

beklenmektedir.

2. MATERYAL VE METOD

Arakt ér maneén t emel amacé, TPU FI ex 95A mal
czelli klerinin bilimsel ol arak belirlenmesid
°nce s°z konusu mal zeme Kkull anél amak rfidmklké& i
Uygul anan ©°n test S¢reci kapsaménda, -eki tl
czerindeki et kil eri analiz edil mik ve en uyg
tasar éml ar é - boyutl u yadeéwrmeéysteelknaoé¢joet Isendii
tutul muktur . Titrekim ve darbe s°n¢gmleme te
Nano tabanleée ©°zel bir elektronik °l-¢m si st e
mod¢l ¢, 1 ki adetr@0¢t8 ¢ezpl Ol arakimasankanme
(PCB) ol ukmaktadeéer . Sens®rlerin biri TPU FI
amacéyla dojrudan masa yg¢zeyine yerlexktiriler
ve TPU Flex 95A omunesi ne kontroll ¢ darbel er uygul
haberl ekme (Serial Monitor) ¢zerinden 1zl enm
darbeler uygul anarak karkeéel akteérmal é veri se
Toplanan verilerin analiz edilens i sonucunda, TPU Flex 95A fil
enerjisini bel irli °]l -¢de s°n¢gmleme yetene]ji
G°r sel 16de Titrekim ve darbe s°n¢gmleme test

ol ar aékd aa ksayynul mukt ur .

Gersdittekim ve darbe s°n¢gmleyici test
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¢talékma °n test akamal arénda bakarél & sonu-
esnhaseénda titrekim ve dar be G2msmll ®ine§ dtee s t
Ssisteminin mo d e | sonda roketinin aviyoni k

goSteri|miKtir

G°rs&i s2emin model sonda roketi aviyoni
3.DENEYSEL ¢ALI KMA SONUC¢LARI
TPU Flex 95A dan ¢retil emsPirrg pyeerr-lae kgzierriilnmei K
titrekim sens®r¢ ise masanén ¢zerine yerlex
mal zemesinin ¢gzerine vurul muktur. Seri al mo n

sens®°r ¢¢nde ¢ zer Verierindeaelentmesi sonecu TPU Fex©3Aifilamentinin

titrekim s°n¢gmleyebil me ©°zellifJi bul unduj u
mal zemesinin test s¢recine ait deneysel uy g
mal zemesinint tekekesnneygalecaywgulaama akamaseée (b)

00:53:29, 633 -» 2 liedon sempnr valus 132

00:53:
15313008 - At s 120163 Temp(c) 221,

00:53:31,884 -y 2 Moty
H = mammgs
00:53:81.18 syell

= AltAtads tw) 1301 S0 T

et . 0):21,
00:53:34, 058 - 2 Worimm pemgee nh:u?zlz: R e
:g.s::z:.:n => Altivety (g 1301, 50 Temp (o)

153:0.269 - 2 Horiom pessms value ;338
00:53:3¢,429 -> nuumnn:m.ss Tep (o
00:53:28.4¢1 -y 2 MO gemser valug ;13
00:53:40,672 - Alratzds (u) ;281,50 Tesp (o) :21
00:59:40,672 -» 2 Som mesee value ;39 :
00:59:42,0m9 .y Aleteess u) 01,50 Texp (o)
00:33:42,008 -5 2 Moeion pezene vilue ;13
00:53145,08) -» AlLAt=te m) 2201, 31 Tep (0)
00:33145.085 - 2 Hotlem ssmecr walus 113

tona(buzzer, 1000); /7
delay(1009); i /)/ i
noTane (buzzer) ;
delay(1000);

Z sound signal..,
«oofor 1 sec -

/1 Stop sound... 871 Motion pesor valoe :182

flont altitude
= syPressure. H
Sel‘in].prlﬂl("ltﬂ\dﬂ;lsuc.' W

Serial.print(altitude, 2

float temperature = uyp,
Serdal.print(* Tesp(c):*)
: Serlul.grint(mlmﬁ. 2);

ure.readTonp();

121871 Moriem sennor value 3429

) 121,071 Moriem befinor valoe :107

071 Motiom senmgr valoe :925
121,071 Moctem sensor value ;113

121,071 Moviem smmasr value ;283

3. TPU Fl ex 95A Test AKamas €
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flont temperature = wypressure. readTenp();
Serial.print(” Temp(c):");
Serial.print(tenperature, 2);

}

Serd Post Blrani X

Ino’ - 'COM15™a m

4.63 Temp(e) 121.871 Motion semsar valoe :134
waloe :13

2.58 Temp(c) :21.871 Motica sensor valoe
walue :13

2206

218
4 Temp(c) :21.871 MoTion semsor valoe @

> 2 macios e walme :13
> Alrirudsm:303.50 Twsp(c) :21.871 Motion semsor waloe 3

> 2 Motion sesmcs walus $12 .
> Altivmssim|:38.50 Temp(c) :21.071 Motiom semsor value 2349

38 -> 3 Moticm semsoxr walme 12

Satr 25,508 37 Avaso Uvo - COMIS 02 O

SELCUXh1lI NTERNATI ONAL

CORFEIBENER CEIS
May -238, -2K00N5YA

Proceed -h§BNBWSBKR-59 6724

©0383:14.262 -> 2 Moclan menscs waloe 113
00:53:16.352 -> Altdzud=(m) ;303
- 2 Moriom sezzox walue ;13
~> Alricods (u) 236,58 Tom

= value :13
20230 Temp(c) :21.071 Motion semsor value :264

.63 Temp(0) :21.671 Motion sessar valoe 1134

216392 .
oh (c) :21.871 Hotion semsor valoe :206

708 -> Altitmae (=) =
§15 -> 2 Boraom ssmszz walue ;10

.¥79 -> Alrlomas m) r303.58 Tep(c) 221,671 Mot

013 -> 2 Moriom memszz VAZDE 213

L4189 = Algssuds m) ;30144 Temp (0) :21.671
710 ->» 2 Eaciom sesser walee :13

203.50 Temp(c) :21-

mlue ;12

.50 Temp(c) :21.071 Motiom semsor valoe :319

{om ssmsor wmlus :147
Motim semsor value 1209

871 Motim sensor valoe :03

9,533 -> Mticme=(a] HLH

— = wlw :12
GersellPU4 . FIl ex 95A Test Akamasé (b)

G°r sel 30te g°re¢ldej e ézere, masa Yy¢zeyine
tarafénddeaej @rl-¢gr1 eséraséyla 29106e 221 ve 429
karkel ék, TPU Flex 95A mal zemesi czerine yer
el de edilen °I| -¢:mler; 3256e 13, 24906a 12 ve
gzl emmi Ktir Bu sonu-lar, TPU Flex 95A fil a
°]l -¢de s°n¢gmledijini a-ék-a ortaya koymaktad
sistem, -exitl:i model sonda rokendars akaene e
tabi tutul muk ve bakareéelé bir kKkekilde dojrul
4. SONU¢ VE ¥NERKLER

Bu -al ékmada, TPU 95A filamentinin titrexkim
incelenmik ve °zell i kblag |raarkeentd av &k ud 4 aayn étl ealon d li
Arduino Nano tabanl é el ektroni k ©°1-¢m si stoe
czerindeki titrekim ve darbe etkileri detayl
TPU 95A filamentinint i t r ekxi m ve darbe etkilerini belir
Masa ¢zerine uygulanan darbelerde titrekim s
mal zemesi czerinde yapeélan testlerde dgens?©r|
de¢kt ¢ ¢ tespit edilmiktir Ayréca, model son
95A mal zemesinin u-uk esnasénda ortaya -ékatl
sistemin stabilitesini arteAtdapae 092ayl mekthie
uygul amal ar éeénda titrekim ve dar be s°n¢gml ey
kanéetl amakta olup, ©°zellikle hassas bil ekenl
yé¢ksek frekansl @ tit rbekigrkl ériirn pPontlaenmsme il a-a&
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¢al ekxkmadan el de edilen bulgul ar dojrul tusun
°neriler sunul maktadeéer.

Mal zeme Optimizasyonu: TPU 95A06nén farkI|l & dc
testedilerekma k si mum s°n¢ml eme verimliliJi sajlayan
Farkl & Sens?©°r Kul l anémeé: Mevcut sistemde ku
yé¢ksek hassasiyet| piezoelektrik veya MEMS
Uygulama A nl ar énén Geni kl etil mesi: TPU 95A, sad
otomotiv sekt?°oryg, bina izolasyonu, savunma ¢
farkl é& alanlarda da kull anél abilir.

Materyal Dayanéekl él éjag:beUzurki ¢ grelnie tmatrueck ik
yaklanma testleri yapeélarak mekani k dayaneéekl
Saha Testl eri: Ger-ek u-uk kokull arénda daha

ve hézlarda naséli pertiahmanagrghsel & ol arak a
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YAPAY ZEKA DESTEKLK PROTOTKP AKILLI TARIM
KATMANLI YAKLAKkI M KLE VERKMLKLKK,E SKRKKR! LE
SAJLIJl OPTKMKZASYONU

|l kel Krem SAJL/

D¢zce | niversi
isiliremsaglam344@gmail.cor0009-000646356821

Dr. ¥jJr. |yesi, Beytu

D¢zce | niversi

bevtullahbozali@duzce.edu-t0000-000236335780

¥ZET

K¢resel °] -ektenarkbnmnkbusl Yardegnkear émsal
verimlilifjJi czerindeki baskéesé, geleneksel t
bit ki sajl eje alanl aréndaki zorl ukl aréné der
senseknol ojilerindeki hezl e ilerl emeler, t a
akelle tarém konseptini ortaya -ékar méxter
artermayé, dojal kaynakl arén s¢rdéegijeéneébielt kirn
Kekil de izl emeyi ama-1| ayan - ok kat manl é&, Y
sunul maktadér . Geliktirilen sistem, tar @émsal
nem, ékék yojunluju, hava sk¢rlakleisiql arogk aikz I
mal iyetli ve enerji verimli dajetek bir sens
yer el mi krodenetleyiciler vasétaseyl a e K z
gereksinimlerine aymanlealriékn ogteormaetkilke kay arnll mesi
Sistemin °neml. bir yeni |l ijJi, bitki hastal é
entegre edilen YZ tabanl é gelikmik g°r¢gnt ¢ i
yakal ama yaeig ESPEIAMemad !l | er i aracel ejeyla e
gereéent el eri Python programlama dil. kul |l an
aracel ejéeyla detayl e bir Kekil de analiz edi
patolojkbel i rti |l er tespit edil mekte ve kull aneéec
potansiyel crén kayéplaréenén en aza indiril:
zek© destekli akelle tarém sistegul pnabotipi
ve -evresel s¢rderelebi b irl g dest ekl eme pc
tar émsal otomasyonun dijital do°n¢kemegnde ©°n
uygul amal aréna y°nelikr.?2zg¢n bir model t ek ki
Anahtar Kelimeler: Akél |l & Tarém Sistemi, Yapay ZekOO,
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ARTIFICIAL INTELLIGENCE -SUPPORTED PROTOTYPE SMART
AGRICULTURAL SYSTEM: OPTIMIZING PRODUCTIVITY, SUSTAINABILITY
AND PLANT HEALTH WITH A MULTI -LAYERED APPROACH

ABSTRACT

The pressure of globally increasing population and changing climate conditions on agricultural
production sustainability and efficiency deepens the challenges of traditional agricultural
practices in terms of resource management, praguadity and plant health. In this context,
rapid advances in artificial intelligence (Al) and sensor technologies have initiated a digital
transformation in the agricultural sector and have brought about the concept of smart
agriculture. In this study, a uiti-layered, Alsupported novel smart agriculture system is
presented, which aims to increase efficiency in agricultural production, support sustainable use
of natural resources and effectively monitor plant health. The developed system includes a low
cod and energefficient distributed sensor network that continuously monitors key
environmental variables (temperature, humidity, light intensity, air quality, soil moisture and
pH level) in the agricultural environment. Raw data obtained from this nete@rocessed
simultaneously by local microcontrollers, allowing automatic adjustments to be made
according to the current needs of the plants. An important innovation of the system is the
advanced image processing infrastructure based on Al, which isatgedor early and high
accuracy diagnosis of plant diseases. Plant leaf images obtained throughGZ8W &2dules

with hightresolution image capture capability are analyzed in detail using deep learning
algorithms developed using the Python programmamgliage. As a result of these analyses,
pathological symptoms on the leaves are detected and users are provided with the opportunity
for timely intervention, aiming to minimize potential product losses. The presented multi
layered, artificial intelligencsupported smart agriculture system prototype can play a leading
role in the digital transformation of agricultural automation for agricultural enterprises of
different sizes and constitute an original model for contemporary smart agriculture applications
with its scalable architecture, economic viability and potential to support environmental
sustainability.

Keywords: Smart Agriculture System, Artificial Intelligence, Sustainability, Productivity,

Python

1. GKRKKk

Su, yalnézca yakame&d zsgmargdg| medenidegtll er iary
kritik °neme sahip bir doj al kaynakteéer. T
kaynakl aréna yakén b°lgelerde kurul muk; bu d
belirleyici re\ngmag girattegmidet i rartan negfus,
gel i kmel er vV e ke¢eresel ikl im dejikikli7ji,
ol uktur makt ader . D¢nya ¢zerindeki tatl e su r
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ol up, verydyomdanlG@zm@Cgsur mewrcmdz uBu | - g ¢ |
bajl amda, su kaynakl|l arénén korunmaseé ve sg¢rd
de insan yakamé a-éséndan b¢yeé¢k °nem t akeémalk
a-éséendaponk etkilenen alanlardan biri de taré
su kul |l anémé gerektiren s¢re-1loer ol up, ayn
kaynakl ardander . ¥zelli kl e bilin-siezcde jkul |

ki myasal girdil er; yézey ve yeraltée su kayn
ol makt a, bu da hem su kalitesini d¢kKer mekt
etkilemektedif Cak mak- & & CakBnaks@r urRl02mBgn i%nanneakgegé -
s¢rdegreglebilir tarém teknolojilerinin yayge
-evresel et kil eri en aza indirir hem de tar
kull anéméngdChbiemhe- 8aRgl §akharkem, i2028Bnl ék t ar
t emel ekonomi k faaliyetlerinden biri ol up,

bakl amék ve zamanla sosyoekonomi k yapéneén Ke¢

Gel eneksel tavE2mn uygul amabayé@nca insan ve h
s¢rder ol me K ; ancak artan kg¢gresel negfus, ik
azal ma, tareéem sekt°r¢nde daha verimli, S¢ér
teknikleriningelk t i ri | mesini zorunlu keél méktér. Bu do
(BKT) tarém s¢re-lerine entegrasyonu ile or
modern taréemén temelini ol ukt ur mak olgildrie r . Ak ¢
geré¢nte¢e ikl eme sistemleri, roboti k -°z¢mler
b¢yeéek veri anal i tiiji ve otomasyon sistemler
sayede tar émsal cretim s yree-klaeyrnia kd akhual | iaznléamnt
optimize edil mik( Chaklma kg @t i& i G skdekbidteatlgi20172 0 2 3
Zhangetal.,,2002) Bu teknolojilerin yaygeénl akteéer él ma
de tarémsal ver-iémléinldiajni rk rartti &r @lnmameé sahi ptir
tari hsel gelikimi, tarémda mekani zasyonun ya
dayanmaktadeér . ¥zelli kle 19800I i yeéllarda g
kavrané , K¢resel Konuml ama Si st emi ( GPS) t ekno
edi Il mesiyle i1vme kazanméexkt ér . Bu d°nemde, K
deji kken oranl é g¢breleme ve il a-1ama gibi
yébhrdan itibaren ise uydu g°re¢nt ¢l eme, yer
haberl ekme altyapélarénén geli ki mi, tarém a
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hassas ve ger-ek zamanl e hale getkiéd miek ttiarr &
sistemleri, yalnézca veri toplamakla kal mayeée
sunan ya da dojrudan uygulama kararé al abil e
sens®°rlerine bajl é& ot omgereklikzamaruve aniktardassulasnd e ml e
yaparak su tasarrufu sajlar. Ayr éca, yapay

hastal ékl arené erken evrede t esanilarieedad.r ek z a

2017) Knsanséz hava ara-1larée (KHAGI ar) veya
arazilerin genel dur umu, bitki sajl éje ve |
tanémaktadeéer . Bu teknolojiler aracerl ey £kyd eak i
hassasiyetle, veriye dayaleée olarak ve mini mu
Drone teknolojileri, tarla izl eme ve hassas
tar ém, kaynak kull anéméneéi opiziamtaeakdispr d¢
destekl emikl erdir. Otonom kara ve hava ara

optimizasyonu ve karar destek sistemleerinin
a.,2020). Taréeméen dge¢liitame letkeneslian °gzlek ¢ li &d ke k

bil giye erikimini artérarak sosyal adal et

tamamlayan bir teknol oj i entegrasyonu ol up,
yaygén!l akmamekbedir. Kkl im dejikikIlif]Ji, tar
tropi kal ve subtropi kal bl gel erde sel ve Kk

b°l gelerde ¢r¢gn yetiktirme sezonu uzlagear ak ¢
-%]1 1l ekme tar émsal (Haleene etiami2022y z Ak & Ima&k t adeem ¢t e
icretimden t¢siketime kadar t¢e¢m akamal arda uyg
edil mesini émaekamaktadér, 2022)

Tar émKILkmMtdaever i mi, i nsan ve hayvan g¢céene de
s¢re-lerinden ol ukur . i retim i klim ve doj a
besl enmeye odakl edeér .

Tarem12500l erden itibaren Yexi/l Ddwamniemeéei lve
mekani zasyonun artmaséyla tarémda verimliliKk

Taréml199006l arda GPS teknolojisinin taréma e

d°neminde, konum bazl é& ver.i t opl demerimlike dej i
art mecx, -evresel etkiler azaltél mekteéer.

Tarém2810: sonr asé, End¢stri 4. 0 konseptiyl
Nesnelerin Knternet:. (loT), yapay zekO, be¢yé
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nekgserddrlbeebilirlik, kaynak y°net.

[ hedef (BacénBay®‘aras el2 Qlindkda ,eérTaréem 1

-i K s¢reci ve bu ge-ikin temel bil ek
/9.\ -EI'\TF?'

- e s e
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-Otonom Araglar
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Gorlg.@ar ém 5 .¥0z ggaivakipe24)

Akeéell é& taréem uygul amal aré d¢nya genelinde hi
sens°r, otomati k sul ama, yapay zek© ve mak
bakl anmexkt ér . Drone teknolojisi, ptmmzasyoa i z 1| e
sajl ar. Ancak, T¢rkiyednin bu al andaki gel i
potansivyelini s¢rder gl ebilir Kekil de dej er |
yaygénl aktéréel maseé ve ©°ng¢ ekmhektedifEreanegtall 200y i n k a
Tarém sekt®Oor ¢, artan negfus, ikl im deji«kikl
s¢rdegreglebilirli k ve -evresel etkilerin azal
Yapay zek© (YZ)er e lumzmtkélaén sad g ralma si st e mi
su ve girdilerin kullaném etkinliJini opt i mi
gel i kmel er , b¢yeéek veri i K|l eme ve otonom Kka
Gé¢negmegzdae, tgekememi kK al goritmal ar, YZ ve bg¢y
algelama sistemleri verimlilik (Dybmetalga02)y r ¢ eb
Nesnel erin Knternet. (1 o0T) vV e Bul ut n@i | i KiI
gé¢-lendirmektedir. Gel eneksel hassas tar émd
verilerle bajl amsal farkéndal ek sajl ayar ak
dejikikliklere heézl e, e s n(Wdfert yetaah,214) a rGew e reki j
zamanl|l e adaptasyon yetenekl eri t ar(\Waohestatl hast

al., 2017) Hasat kayéplareéené azaltmak amaceéeyl a,

Entegre

Zar ar |l e Y°neti miyak(llakMyml @i bibesi,msl e
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wiew.akadumikongre.org

Hastal ékl aren dojru ve heézleée texkhisi, et ki |
danéekmanl ék kurumlareée ve bitKki sajl eje mer
internet ve mobil uyghbl bgpal endismamesspde- It @K
yaygénl akmbkt ap@éamcarénda yaprak | ekesi hast

sénéflandér él mase amaceéyla derin °jJrenme alg
el de edi |l mi kt i 2019 Mbhagty et &.N201&) B¢ my apr ak uyuzu
neden ol duj u hasar d¢zeyinin belirl enmesi
dejerl endirmeleriyle y¢ksek oranda uyum g°s
ol ar ak bakvaerréntiék tetatRU-ANlagrakG°r sel 2d6de bitki h

kull anélan g°r¢nte¢g 1 kKl eme teknolojisine ait

Gors®8itRilerin hast(aAlekad. B2 nda g°r ¢nt ¢s ¢

Taréem sekt°r¢gnde veri temel | i karar dest ek
izl eme ve otomasyon odakl é& teknolojilerin er
-ok ama-I1é& bir akell é taréem sirsatnemir ed e@lrii K tgie
zamanl e ol arak izleyebil mekt e, bit ki sajl éj
otomati k sul ama gi bi m¢dahal eler €akmakir m &¢

Cakmak-&, S2902Bpnusu si stietnelseir dsee n ssPur |veer i hawao

°l -¢m cihazl ar e, sécakl ék, r¢zgor hezé ve e
sistemleri gibi ileri d¢zey -evr esdlOPGUzI e me
& G| NEk ,C&2l0m&k - mak- Eak BENhIF)mM¢egzde uvuzaktan al ge
makine °Jreni mi al goritmal aréyla destekl enen
hastal ék tespiti, verim tahmini vV e tar éms
kull anél maktkder ak&kké sulama sistemleri, t
ederek suyun yalnezca ihtiya- duyul an mi kt
tasarruf u, verimlilik artéké veMer@Regpazl S ¢ |

al., 2021;Bondonno et al., 2021)
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2. MATERYAL VE METOD
Bu projede, akell e tarém wuygul amal ar énén g

bilekenler ve sens®°r mod¢gl Il erinden ol ukan er

il eti ki m lemre yegeneklegrme sahipiBESPG2AM mi kr odenet | eyi ci

al énarak yapélandéreél méxkteér . tevresel kokul |
DHT22 ve BME280 sens®°rleri ile ger-eklexktiri
Sensorlie takip edil miktir. Ha +185 Ve &rove AieQualityd e ] er
Sensor kull anél érken, éddDR wvejnsrlrg] ul%l yamplee
MLX90615 kezeéelo°tesi sécakl ék sensareg . i IBet KE
yaprak hastal ekl aCAMemod glspi ¢zerni-nderES®IB&nar
tabanl e g°r¢nte¢ I Kl eme ve yapay zek© al gori
r°ele mod¢l ¢ ¢zerinden kontedl [endikl;esul2¥vsye
ise RBD Water Sensorve HER04 wul trasoni k sens®°r ile ger -
6il2V aral éjénda -al ékan g¢nek paneld il e ka

mody¢ | ¢ v-RRob&tarydléeddsteklen Kkt i r. Ayréca, g¢hek ener |

el de edebil mek amacéyla Arduino tabanl é ba
edil miktir. Tasarémén dojrulanmasé ve ikKlevs
sim¢gl asyon wpazsémemit&@rée Sulskt emin stabil -al e
el emanl aré (transist°rler, diyotlar, gerilim
ve breadboard) devreye doOhi |l edi |l mi ktir. T,
md i yetl i, enerji veri mli ve s¢rdereglebilir b
ama- dojrultusunda olukturulan devrenin bajl

{ BME280

e vos

EN DS l
’:f" LDR

RGB LED

2 GND
19 VIN
D21 D15 4‘ —
\Water
GND D5 1 L(‘Vf‘
ot Sensor
Power
Relay Mmu Supoly
Module m?fs
ump

G°rsdhsarl anan devrenin bajlanté Kem:

3. PROTOTKP ¢ALI kMA SONUC¢LARI
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Bu -alékmada geliktirilen yapay zek© dest ekl
-evresel verileri toplayarak bitki snafkl €] éneé
ol arak kontr ol edebil mektedir. Ger¢nt ¢ i1 KI el
sayesinde, bit ki hastal ékl ar e er ken d°nemd
edi |l mi ktir. D¢kek maliyetl i, Mmodlilliek| o« ek geak
ol - ekl i tarém i kKl et mel er i i -1 n s¢rder el ebil
tarémda dijitallekmenin ©°nemini vur gul amakt

zemin hazérl amaktadeéer .

3.1. ¢aléexkma Prensibi
Gelti kil en sistem, ger - ek zamanl e -evresel
yetenekl eriyl e entegr e bir akell e tarém p
mi krodenetl eyi ci tabanl é& kontrol altyapese

Kunl arder :

T BME280 s®Sacsdklék, bajeéel nem ve basén- gib

hassasiyetle °1-erek bitki gel i kim kokul |l
9 LDR senx®/keg Ki ddet i ni °| -erek fotosentez i
dejerlendiril mesini sajl a
T Toprak nenkoske nos°lrg¢e:si ndeki nem d¢gzeyini [
belirler, gereksiz su kullanéeméné °nl er.
T MQ-135 gaz Cens°NH;: ve benzen gibi gazl ar e
izler, ©°zellikle kapadrée. al an taréménda kr
T Su seviy8&ubama®°sppsteminde kullanélan su t
ederek s¢grekliliji sajlar.
Bu sens®°rl erden eFde dedtkekhi veei lyegrk,se ki i k|
mi krodenetl eyi ci karte tarkakémdegrertepl annrak
sistemin otomati k tepkileri teti kl enmektedi
d¢kt ¢ ¢nde ESP32, rel e mod¢l ¢ aracél éejéyl a
i Kl emi ni bakl at makhadeydahrélgelepasapmakheHk:
LEDOGI er i veya mobi l bildirim yoluyla bilgi a

3.2. G°r¢nt¢ Kkl eme ve Yapay Zek© Uygul am

Bu sistemde kull anél an -GAMnerho db¢jll ¢edkéern.! eBud emo c
zamanar al ekl arénda bit ki yaprakl arénen g°r¢gnt
progr aml ama di | i kull aneél ar ak geli ktirilen
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aktarmaktadér. Sistem, ger-ek zamanlgeleng®r ¢nt
olumsuzl ukl aré erken akamada tespit edebil m

er ken uyar sinyall eri g°nder mektedir. BOyl

e
m¢dahal e sajlanarak verim kayékptadérveAhkhapeéd

ama-la geliktirilen yapay zek®© tabanlée séne

sunul maktadeéer

#include <WiFi.h>

#include <WebServer.h>

#include <DHT.h>

/I Wi-Fi bilgileri

const char* ssid = "Vanaca";

const char’password = "8181818181";
[/ DHT Tanéml ar &

#define DHTPIN 4

#define DHTTYPE DHT22

DHT dht(DHTPIN, DHTTYPE);

Il Pinler

const int soilPin = 34;

const int lightPin = 32;

const int airPin = 35;

const int waterLevelPin = 26;

const int pumpPin = 5;

WebServer arver(80);

/'l Sens®°r wverilerini oku ve web aray¢zeéengeg h

String getSensorData() {

float temp = dht.readTemperature();
float hum = dht.readHumidity();
int soilValue = analogRead(soilPin);
int lightValue = analogRead(lightPin);
int airQuality = analogRead(airPin);
int waterAvailable = digitalRead(waterLevelPin);
/I 'Yorumlamalar

int soil Percent = map(soil Value, 4095, 0, (
String lightCondition = |ightValue > 2047 1
Stringai r Qual i tyStatus = ?

airQuality < 750 " K
String html = "<IDOCTYPE htmI><htmI><head><meta charset=8utf > <t i t | e >Ak él |
Saksé</title></head><body>";

html+="<h2> Ak él |l & Saksé Sens®°r Verileri</h2><u
ht ml += " <|i><bSt3dcnagk(ltéekmp/ b+> "" A«C</ | i >" ;

html += "<li><b>Nem:</b> " + String(hum) + " %</li>";

html += "<li><b>Toprak Nem:</b> " + String(soilPercent) + " %</li>";

ht mi += "<li><b>lkék Durumu:</b> " + |ight
html += "<li><b>Hava Kalitesi:</b> " + airQualityStatus + " (" + String(airQuality) + ")</li>";
ht ml += "<Ili><b>Su Var mé?:</b> " + String

html += "</ul><hr>";
html += "<form action='/pump'><button typsgbmit> Pompayé ¢al ékt ér </
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html += "</body></htmI>";
return html;
}
/ Web sunucu istekleri
void handleRoot() {
server.send(200, "text/html", getSensorData());

}

void handlePump() {
digitalWrite(pumpPin, HIGH);
delay(5000);
digitalWrite(pumpPin, LOW);

}
void setup() {

Serial.begin(115200);
dht.begin();
pinMode(pumpPin, OUTPUT);
pinMode(waterLevelPin, INPUT);
digitalWrite(pumpPin, LOW);
WiFi.begin(ssid, password);
Serial .print (" WiFi bajl anéyor ") ;
while (WiFi.status() '= WL_CONNECTED) {
delay(500);
Serial.print(".");
}
Serial.printin(tn Wi F i bajl et ");
Serialprintin(WiFi.locallP());
server.on("/", handleRoot);
server.on("/pump”, handlePump);
server.begin();

}

void loop() {

server.handleClient();

/'l Su seviyesi seri ekranda g°ster
int suDurumu = digitalRe(waterLevelPin);

Serial.printin(suDurumu == HIGH ? " Su Mevcut" : G Su Yok");
delay(5000);

server.send(200, "text/html", "<p>Pompa 3

Serial .println("Web sunucu baxklatél deée");

q

J

33.Ener ji Y°neti mi ve S¢grderel ebil

Sistem, géenek panel i

3.7V Li-Pobat arya kull anéel ar ak enerji

maksi mum fayda sajl amak amacéyl a

yapeé, sistemin elektrik eri«ki

destejiyle

mi

- al

ni n

m¢ mk ¢ n ke Bma ktad &krmada geliktirilen

kontroll ¢ deneysel ortamlar ve
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X Akill Saksi

A 192.168.66.194

= Akill1 Saks1 Sensor Verileri

« Sicakhk: 21.10 °C

« Nem: 55.80 %

« Toprak Nem: 5 %

« Isik Durumu: Karanlik (4095)
« Hava Kalitesi: Kot (1561)

* Su Var m1?: YOK

& Pompay Caligtir

G°r s.&bl é4nostemon scutellarioidaesét¢creéene ai

X Akilli Saksi

A 192.168.66.194

= Akill1 Saks1 Sensor Verileri

« Sicakhk: 21,10 °C

« Nem: 55.80 %

« Toprak Nem: 5 %

« Isik Durumu: Karanlik (4095)
« Hava Kalitesi: Kot (1561)

* Su Var mi?: YOK

4 Pompay Calistir

Gor s.bl &nchoe t¢greéegne ait bitkide veri o

Akilli Saksi

A 192.168.66.194

% Akill Saks1 Sensor Verileri

« Sicakhk: 21.20 °C

« Nem: 55.90 %

« Toprak Nem: 52 %

« Istk Durumu: Karanlik (4095)
« Hava Kalitesi: Koti (1592)

« Su Var m?: YOK

§ Pompay Cahstir

G°rsédhbaGe tequilana bitkisi téeréene ait bif
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X Akilli Saksi

A 192.168.66.194

" Akilli Saks: Sensor Verileri

« Sicakhk: 21.70 °C

« Nem: 55.60 %

« Toprak Nem: 42 %

« Istk Durumu: Karanlik (4095)
« Hava Kalitesi: Kotii (1739)

« Su Var m1?: YOK

Pompey Gakstr
Gers.g@&uphorbia milidi bitkisi téeréene ait bi
G°rsel 4, Soltelblsarimoindes bitkisine entegre
zamanl é -evresel veri takibini Ve kul | ané
g°stermektedir. Go°rsel 50t e, Kal anchoe bit
kokul |l améntéear adiésntdea n bakar eyl a algel andeéej é
gzl emlenmi ktir. G°rsel 6, kurakl é&ja dayanel
sisteminin, kritik nem d¢gzeyl erini al gel aya
g°stktrenki r . G°rsel 7 i se, Euphorbia milii b
d¢kegk ékéek ve hava kalitesi gi bi zorlu -evre
koymukt uCAMESS®&IB2n]1 &€ g°m¢l ¢ sistemlevdooantéba
sens°r mod¢l l erinin sajladeéeje -evresel ver i
kul |l anécé aFriay¢zzegnidned,enWier i kil ebil en bir | P
al énmexkteéer. Bu verilermdodjzeaeayitusanaoad umbs st ein
nedeniyle pompa tetikleme komutu (" Pompayé
se-eneji sajl amaktadeéer . Saj taraftaki G°r se
sakseéel aa€AME®B®B82I ¢, gemMeskk rpanéki doaatsel meék
kurul umu g°steril mektedir. Bu sistemin, ger
analizine dayal e karar mekani zmal ar éyl a bi
optimizasyonu gibi aalgl laé yteai @am igrltevideé qii nig?®
34¢al ékmanén sens®°r Veri Anali z Sonu-1aré
Sistem, sécakl ek, nem, ékék «kiddeti, hava Kk
parametreleri ger-ek zamanl é ydadialkmi gt iem.i K¥
10 geé¢nl ¢k test s¢resince toprak nemi %3 5" i n
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2 daki kal ek

sul ama i k|

en sul ama sékl éje °zet]l

¢i ze |EGR32CIAM Dest ekl i Sul ama Kontrolg¢ Test Verile
G¢ n | Toprak Nemi Sulama Durumu [S¢r e (

1 32 Aktif 2

2 42 Pasif 0

3 34 Pasif 2

4 27 Aktif 2

5 45 Pasif 0

6 33 Pasif 0

7 29 Aktif 2

8 31 Pasif 0

9 26 Aktif 2

10 46 Pasif 0
Bu- al ékmada geliktirilen akéllé tarém sisten
°l -¢mleri temel alénarak dejerlendirilmicktir
olarak devreye giren sulama mekani-amasé, %4rbe
d¢zeyine y¢kseltmik ve bu d°nge¢ 6 kez tekra
derin °J renme tabanl é model , domat es bit ki
dojrulukla tespit etmi ktir. Geaerdeirzj i s avad rl iemli
sajl anmeéecx; ancak akkam saatlerinde enerji
kesintiler gzl emlenmi ktir. Hava kalitesi S
dejerl eri tespit edildijJindenuEDauy arséd sdiesnt
deji kkenl ere duyarl e, otomati k karar al abil e
bir prototip nitelijinde oldujunu g°ster mekt
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Gln

toprak nemi dejerl endir me
verilere g°re, akelle sakse si

1.6 AC arasénda

nge i -inde

krokl i ma k

e belirgin

kadar d¢Kmesi,

kadar

ye girdijini veya

okul |l a

dal ga

ol duj

sabit kal mék Ve
u irab6.5gaPb £1] eernmeak t
rénén istikrard!l

l anmal ar g°°zl erm

betskiemime k kedirr k Bun

haric’

yéksel mesi, Ssistemin otorn

m¢dahal e yapeél

parametrel ede& &uayanr| éllémaé ne rvee- | een

de ani \Y

i ne
%7 8 6 e

s el

a ortaya

koymakt ad

ér

Akillh Saksi - Zaman Serisi Sensor Verileri

—— H
Sicakhk [(*C)

—a— Nem (%)

—e— Toprak Nem (%)
1 2 3 4 5 6 7

Zaman (Olglm Sirasi)

GO r s.gdmarbserisisn s ° r veri
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G°rsel 10 incelendijinde, sécakl ék dejerl eri
sabit kaldejée ve sastyemhkisekbdliuegdeu ter maimnd
ge°r ¢l mektedir. Havia56nbdthi arakéj%md.a90dal gal :
kokul |l arénén bitki gel i ki mi a-éséndan uygun
seri si analizine g°r earstéwdkalreeknt,a bg° zll e nreenmdh
zamanl e ger-eklexktiji tespit edil micktir. Bu
uygun ol aneaek BECcmRKIlI &8knin tutarl é kekilde sey
sistemi wes daeark ldéekj i ki ml er i ni hassasiyetle iz
dinami k etkilexkimi dojru yanseétté]jé dejerlen

Hava Nemi ve Sicaklik Degisimi

—a— Hava Nemi (%)
Sicaklik (*C)

70

o n =]
= (=) (=]

Mem { Sicaklik

w
(=]
T

]
=]
T

G°rseHaviad nemi ve sécakl ék dejikim gr e

4.SONU¢ VE ¥NERKLER

Bu -al éeékmada geldiewsttierkillienmkydpga&y tagk@ si sten
izl enmesi , otomati k sul ama kontrol ¢, bitki |
boyutlu tarémsal s¢re-1leri entegre bir yapeée
sunmuksuem, Sdg¢KéKk mal i yet | i bil ekenl er vV e
tasarl anméx, 10 g¢nl ¢k saha testleriyle ikle
Toprak nem sens®°r¢ verilerine g°re, sistem
mekam zmaséné otomati k ol arak devreye al méck, n
ol an %456e -ékarmayé bakar méckt er . Bu mekani z
hem de gereksiz su kull anémé ©°nl eterg hasdas s u t ¢
tarém uygul amal arénda kaynak verimliliji a-@&
Ayr éca,-CABMSP®BEd¢ | ¢ vV e t emel ger¢é¢nt ¢ i K| e me
ger-eklexktirilen g°rsel analizl er sonucunc

(Phyppht hora infestans) hastal éjé %92 dojrul ul
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zek© tabanl é g°rsel i zleme sistemlerinin bit

cretimde kayeéeplarén azalteéel maséna ol anak tan

Enerji t ¢cketi mi a-éséndan dejerlendirildifiji
saatlerinde kesintisiz -aleéexkxtéejé g°zlemlenm
saatl erinde kamera mod¢l ¢nde ge-i cienediur aksa
y°neti mi mod¢l ¢n¢gn daha geli kmi k depol ama -
etmektedir.

Hava kalitesi sens®rlerinden elde edilen ver
oraneée gi bi ol umsuz kokulil arr akciell légreegday d | leED |
test S¢resi boyunca toplam d°rt kez tetikle
kull anecé farkeéendal éjéné arteran ve karar d
ol arak ©°ne -ékmaktadeéer.

Gené ol arak, geliktirilen sistem; duyarl e, mc
de orta °1 -ekl:/ tar éms al isretim al anl ar énda
hedefl eri dojrul tusunda umut vektdde. dselecekte,i r pr
enerji y°neti mi, veri bulut entegrasyonu ve
sistemin kapsamé genikletilebilir ve saha uy
Genel dejerl endirme sonucunbdapalinleirri | e@ s B

yapéséyla modern tarém uygul amal arénda er ken

yé¢ksek potansiyel takémaktadeéer.
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¥ZET

Bu -al ékma, yaphayeneksaiveismakmherinde sayésa
temell erini, uygul ama al anl aréeneé vV e perfo
ama-| am&k th g dekmlojisinde,verimi kt avee @k int lhiélzalfja nmba sné ,

verilerini kK | e memodelienmesi - ¢ o -nhatematikseh | t y alp @l la a sommhe n é
hal e getirmicktir. Bu bajlamda sayeésal anal i
zamanda yapay zeka tabanlé sisteml glmesn ej it
s¢re-lerinde de kritik bir r ol i.stl enmekt ed
denklem- ©° z ¢ ngibigemel matematikseproblemler,yapayzekaa |l gor i t makamnénd
karkéel akélan yapeéel ar arasceayasglryahmakt adeéo |
Regula Falsi, NewtoRaphson, Gaus$Seidelve LU a y r & Kekréklerndae t hinbli e i md e

i ncel eébomi°m;t ey &akr@ ms a ma °czelli kleri, hesapl a
gereksinimler.:i ve hrait ak atrokléel raakntsélraérl eméexit Bir . y °A
kull anél arak klasik y°ntemlerin eksik y°nler
hal e getiril mesi hedef | eeNawtanRaphsony °Brut ebnalj € rai nndi
birl eeal mk yHhibety b aeh eameql obal kararl él ék hem de
avantajlar sunduj u kge°ssréeedah s eknt doroldemietkiy giun a ma
kul | agreélveerketleriar ac ey €heégld&rn tastel diil miEEE L4Bus.

elektrik g ¢ sistemi, UR5 robot kolunun iledg e r i ki nemati k hedawmpl ama
batarya °m¢gr tahminlerine ilikkin veriler, vy
koymaktadeér . Si m¢gl asyormntl aml aMAeTnLdAaB gveer - Rk tl leaxn
sonu-1 ar hesapl amaweéelckkewslil, anyeak@&misamlaendi ri | n
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El de edilen sonu-1Iar, sayésal analiz y°nteml
ger-ek d¢nyadpr®hemml ekanhBdéel ar sundujunu ort
-al ekxma, yapay zeka alanéenda -al ékan araxkte@er

yakl akem sunmakta ve hibrit y°ntemlerin take

Anahtar Kelimeler: S a y &maliz|OptimizasyorAl gor i KmBUmaY €nt eml er i ,
Lineer Cebir Uygul amal ar e, Makine ¥]Jrenmes.i

THE ROLE OF NUMERICAL METHODS IN ARTIFICIAL INTELLIGENCE AND
MACHINE LEARNING

ABSTRACT

This study aims to comprehensively examine the theoretical foundations, application areas and
performances of numerical analysis methods in artificial intelligence and machine learning
systems. In today's technology, the rapid increase in the amountwarsltgiof data has made

it necessary to use strong mathematical infrastructures for processing and modeling this data.
In this context, numerical analysis plays a critical role not only in engineering fields but also in
the training, optimization and eweltion processes of artificial intelligenbased systems.

Basic mathematical problems such as root finding, optimization and linear equation solutions
are among the structures frequently encountered in artificial intelligence algorithms. In the
study, clasical numerical methods such as Bisection, Regula Falsi, Névapinson, Gauss

Seidel and LU decomposition techniques were examined in detail; their convergence properties,
computational complexities, memory requirements and error tolerances were conipared
addition, it was aimed to eliminate the shortcomings of classical methods and to make the
solution processes more effective by using hybrid approaches. In this context, it is shown that
hybrid structures formed by combining Bisection and NewRaphsa methods offer
advantages in terms of both global stability and fast convergence. In the application part, the
effectiveness of the methods is tested through real data sets used for various engineering
problems. Data on IEEE 31RBus electric power systemforwardbackward kinematic
calculations of UR5 robot arm and lithiwion battery life estimations reveal the
multidisciplinary usage areas of the methods. Simulations were performed in MATLAB and
Python environments, and experimental results were evalimtedns of computation time,

convergence speed and memory usage. The results obtained reveal that numerical analysis
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methods provide significant contributions not only theoretically but also in multidisciplinary
realworld problems. In this context, tiseudy offers a systematic approach to method selection
for researchers working in the field of artificial intelligence and draws attention to the potential
of hybrid methods.

Keywords: Numerical Analysis, Optimization Algorithms, Root FindiMgethods, Linear
Algebra Applications, Machine Learning Mathematics

5. GKRKKk

Beyek veri d°neminde yapay zek© ve makine °F
i -e gelikmektedir. ¢ok y¢ksek haawivenlerdekive 'y ¢
gér el téenegn azaltel ar ak anl aml e bil giler - e
(Smarandache, n.d). Makine ©°Jrenmesinin t el
¥kl idyen uzaylar, metri k|l er nvematrisiebrsimgibipek a k | a K
-ok sayésal analiz alanée ©°ne -ékar (Gorodni c
czerinde -aléxkxanlar, ver.i boyutu ve model I

y°ntemler geliktirmek 20@r3YyndaNdéarek( At tTisa tetul @
hareketl e, b¢e¢yek ©°I1 -ekl i veriyle -al ékmayeée
tekni kl er i vV e i st at i sktaiyknsaekl dye°nnktleemmiienri)  npaesré

vurgul améekt er2q&Go).odBu ctheekné&kw ,a- éséeyl a, kIl asi

Regula Falsi, NewtoRRaphson, GausSei del , LU) modern M¥ sistem
bul duju ve bunlarén yeni hibrit tasarémlarl a
Kewpzgel mekt ér . Bu -alékmanén girik b°l ¢mg, k|
sayeéesal analiz y°ntemlerinin teorik temeli,
bakék sunacak ve -0k -exkitli dusgpl anadaeaktad
nedenl e, sonraki y°ntem b°l ¢m¢gne ge-i kK i-1in

1.1. Sayeésal Y°ntemler ve Teorik Temeller
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Sayésal analiz; ©°zellikle dojrusal ve dojrus
y apmak ve ultdwekl ibmeywr sisteml er czerinde [
algoritmalaré 1 -erir. ¥rnejin, kFal&, mbnotbnrma y © r
f(x) fonksiyonlarénén k°k¢gngeg arar (Mashayekh
tek bilreyRet epr obl eme en iyi -°9z¢megn el de edi
har manl ayan mel ez al goRaphmsmdmrgi®miertmi ke v rt el
hezl é& yakénsama °zelliklerine sahipéaol goarda,
ol duju y¢ksek boyutlu problemlerde sénérl ama
-al ekmasénda robotik ters Kkinemat iRaphgonobl| em
y°ntemiyle d¢zelterek hassadi2pgt Dofjftramsmékld

sistemleriSei deh, t6&uasl|l & (iteratif) y°nteml

-%z¢celer temel y°ntemler ol arak kullanél éer.
ayreéek hald. genel | ibkul esissitsetmd melrd rmSe li°aimgrnide n yGg
Gradyan gi bi yinel emel i y°nteml er kull anél m
-%z¢celer yegksek dojruluk ve geé¢venilirli k sa
maliyeti ciddi birsorunte k i | edebi lir. ¥rnejin Sha ve Zhan

en k¢-¢k kareler problemlerine ySenieddalk ylnti

ile temel y°ntemlere kéyasla daha az iterasy
bil dirmicktir (Zhang et al ., 2024) . ¥te yal
y°nt emi ol arak | ineer sistemler I -in garant
kar makéekl éje veri boyutu ve mdtinies ak grrtd es a yoa
y°ntemler pek -ok uygulama bajlaméenda kar kel
-al ékmaséenda farklée k°k bul ma y°ntemlerini Kk

GaussSei del yontemininl édredg ke Stl grelkd ji ¢ pd odpd £tme r
& Razzaghi, 2019).

1. 2. Makine ¥jJrenmesi ve Yapay Zek© Siste

Geéneé me z M ¥ model |l erinde kl asi k sayeéesal y°r
g°rebil ece] i mmevcuttue GaugsScek d%rlneak, r evi y°nteml er
kaynakl aré sénérl é& ortamlar i -in avant aj s aj
Learning Machine mimarisinde Gaiisse i d e | kull anarak standart

séenéefl amdheema& k|l de ederken bell ek t¢gketi mini
& Ver ma, 2020) . Knvers ki nemati k probl emler
optimize edici y°ntemlerle birlextiretdek| er di
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ettikleri il iRaphzgmg yNawemnyl e yineleyerek
minimize etmiKk; sonu-larén dojrulujunu artt
Al zahrani , 2022) . Buna benzer Keki | aogsj Jaco
i -eren sayésal kinematik -°9z¢mler, heteroje
CalzadaGar ci a ve ark. (2023) da derin sinir afjl
incelerken, sayésal y°ntemllémaine méJaeoliuan arl
zorl ukl aréna dikkat -ekmiktir (Wang & Zhang,
Dijer taraftan, performans kriterleri bajlam
dezavantajlareée ortaya -ékar. Gemgehasi ¥ &emlr
°nerdi kIl er i DNN tabanl é& PDE -°z¢c¢é¢senegn kil as
bir -al @ékma s¢resine sahip offddepuonud g%kl eyngl
dojruluk el de etmiklerdirreéeBdéef émdaaldex mal &1
met otl arén zaman karmakéek| eéjénda nispeten a\
kKekil de, Zappala ve ark. (2023) -aléexkxmasénda
yinel emel i vy°enrteekml| pearlfeorbmanskityiirl ektir mel er i
y°ntemlerinin derin °jJrenme performanséna do
1. 3. Hi brit Yakl akémlar ve G¢gncel Gel i Ki m
Son yeéellarda Ahi brliakoé noll arr;a kf iazdil kasnedlé r (énheakna ryia:
veri odakl e M ¥ model | erini birlektirmekte,
topl amayé ama-I|amaktader. ¥rnej i ni, Physitcszi k b

|l nf ormed Neur aldaNedtiwoerrkasn)s i ayked medne nk | eml er aj

edilir. Singh ve ark. (2023) pil modell emede
kull anar ak b¢eteéenl ektirmi K b°yl ece hem mod:é
ar tt ér(kanm, rheex& PBark, 2023). Bir benzetme olarak, Liu ve ark. (2023) PINN

kull andékl aré robotik -al ékma, °Jrendi kl er i
kararl é kontrol sajl amek ve deneysel dojru

(Ram2rez & M¢ller, 2023).

Hi brit yakl akéml ar ayréca domain ayréxkter ma

getirmektedir. Klawonn ve ark. (2023) yapték
ayrekter ma metodol ojil makyaderen{ Wgngsy&o nluinyu
-al exmada, ML il e hezlandéréel mék yeniden ayr
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gi bi -ok sayéda araktérma yolu analiz edil mi
ge°r ¢l mektedir: Lin wmedal kemdg i02dg vereir t aba
har manl ayan hibrit yaklakémén tahmin dojrul
arterdéejéné belirtmiktir ( Kumar & Shar ma, 2
sim¢égl asyonltarké hwmey&ketolpd anl ama gi bi uygul am
il e derin °Jrenme y°ntemlerini birlektiren vy
1.4. ¢ok Disiplinli Uygul amal arda Sayésal
Enerji sistemleri, robotik ve pil modele me gi b di siplinler hem fi
mi ktarda veriyle -alékmayé gerektirir. ¥rnej
geleneksel olarak NewtslRa p hson gi bi sayésal y°ntemlerl e
destienjtii yacéeé, M¥ destekli yakl akeml aré g¢nde
kinematijinde ters -°z¢;m problemleri genell]i

2023) son zamanl| ar da b u alanlarda sinir a ]
modellemede ise termal ve elekkinyasal diferansiyel denklemler Finite Difference veya

Finite EI ement gi bi y°ntemlerle -°z¢;¢mlenirk
°l - ekl i sim¢glasyonl arda hesap yeée¢kec¥degndijaifmf| o
Gengchao ve arkadakl arénén PDE -al éxkmasénda
sajlar, ancak b¢gye¢k sistemlerde y¢gksek zaman
i se b¢gyéek boyutl u probl eml er Emeribistemiermaense i hez
Hi brit modell er, talep tahmini ve optimizasy
getirmektedir ( Kumar & Shar ma, 2023) . Téeém b
mi ktaré ve model kar max€@hkt éineerairnnitre ke ak isralyié’

dojrudan uygul amanén bakaréséneé belirler.

1.5. Literaty¢
[

e ki Konum ve Metodol ojiye
Sonu- ol ar ak, n

rd
terat¢rde sayésal anali zi \Y
Kl asi k y°ntemlé&mih

getiril mekti8di del °tab&aluesELM (Tripathi & Vi

gemeghe,al et l ek veya heéz

algoritmal aré) (Mashayekhi & Razzaghi, 2019)
analiz yé@& nhaejmlae&ntiglle araktérmal ar art méxkter ;
yinel emel i y°ntemlerle incelenmesi gi bi -al
(Chen & Liu, 2023) . Bu -al ékmanén dewvtaménda

y°ntemler karkeél akt érmal e ol arak el e al énaca

169



o LONFE Rfil‘(,
¥ s e,

SELCUXh1| NTERNATI ONAL CAORFEIBEDNGEHKCES
May -28, -XKOON5A
— Proceed -h§B N BDNBRS9 &

ACADE gy
%,
ok

daha uygun ol duj u perfor mans ve ver.i ger el

araktéermanén metodol ojisine sajlkkedr. bir teordi

6. MATERYAL VE METOD

Bu -al @ékmada, yapay zek© ve makine °jJrenmes
sayeésal -%z¢celer i -in klasi k yaklakemlar i n
Regul a Falsi -Ra&ph £ onn , GabhbsSvedi rire | Y°ntemi ve LU
dahildir. Her bir y°ntemin matemati ksel tanée

adéem adéem a-éklanmék ve wuygul amal aré °rnekl €

°rnek simg¢gl astyiornillanmmiék tgierr.- eAylreékc ah u sb ug ¢a-1 gsoir g tt ¢

UR5 robot kolu ve °rnek veri setl eri kul I an
senaryol aréndaki kull anémlaré a-éklanmék, he
hatagilh hesapl ama metri kl eri di kkate al é@&nméxt e
birlektiren ve test sonu-|laréené karkeél akteér a

2.1. Bisectior{ KkB %leM@ nt e mi

Bi section y°ntemi, s¢hekimak bi i fokhblsli go@luan k
bir sayeésal -°z¢i;ma)° nkeemaldéd rar aBluée jy@made nt,amné ml
f(@)f(b)<Ok ok ul unu sajlamasé durumunda, aral ekt a

Orta Dejer Tear.enmd°dmtee md aybain ar al é]J & s¢rekl i
bulunduju alt araleje iteratif ol arak dar al

verilmektedir.

a+b

C:T (1)
S¢rekli bir f fx)a)f dndsUbyo<nsiajil-d méyor s a, k°k
s¢rekl i ol araRkiekyp&l bklegeereker i terasyonda
Bi section y°nteminin temel prensipleri ve it
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F(x)

— F(a))

Gors@®8i skection y°nt ontibytore 2028 k bul ma (C

2.2. Reguldalsi(FalsePosition)Y © nt e mi
Regul a Falsi y°ntemi, s¢rekli bir f(x)) fonk

dijer braketl eme y°ntemidir. Bu nokt a, a
kull anél ar ak aKk aglidedia k i denklem (2) de

V

.- af(B- bi(3 @
f(b)- 7(a)

Regul a Fal si y°nt emi, dojrusal i nterpol asyo

sayede k°ke dahgal btmahe wmhehaamaAsal ek g¢nc
y°nt emi ne befl@i@< yakdak@)fb})ke k ok ul | aréna g°re
(Mat hews C Fink, 2004). Y°ntemin

y
grafi ksel t

f(x)

G°r s ReégulRFalsy ° nt emi ni n gr a bntribwtard, 208%» é k|l amasé (C

2.3. NewtoRRaphsorY¥ © nt e mi

NewtonRaphson y°ntemi, k°k bul ma problemlerind:
sayésal y°ntenmfFE0. fBrmuddakl|l ek hl er i ni bul ma
bakl angé-ta se-ilen bir tahminéyllefdertadani b
k°oke yakl a#xgfranKkYsingtoennuunun birinci dereceden
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nokt adaki tej et dojrusu czerindeki kesim n

varsayel ér.

f (%)

o 3)

(%)

Denkl eman.3)i0tt @r a sy o n dfgkfi o nykaskil yaokneukn ko fkiyjé kt a d a
t ¢rev dek-ehrsonrékeiterasyojpmlk i yeni yaklakek dejer if
& Faires, 2011, (Aksoy & ¥zdemir, 2010) . For
yakénsama sajRhahwaon NgWwnoemi, dojru bir b ak

Xoua = %y

ol duk-a heéezlée samluangveer ide] eAnicaky gbun dej il ¢
sajlayamayabilir ve éraksama ri ski ortaya -
Raphson y°nteminin grafiksel olarak yakeénsam

L S HE SEL o

G° r s &lédwtoBRaphsory ° nt emi ni n gr af i ks entributoask22ps a ma adém
2.4. GaussSeidelY ® nt e mi

GaussSei del y°nt emi, dojrusal denkl em sisteml ¢
sayeésal y°ntemlerden DbiridirkekBiul dye® nhterm, b iJlai
sérayla g¢ncell eyerebBei-@aelg'mdearlaer, ywermiak b Glaw
hesapl amal arda hemen kull anél ér . Bu °zell ik,

2017). Br &x=bdenk |l em si s tSeidely °intiemi @Gams genel formg

verilmektedir.

i—1 n

MUV (k1) o)
T, a_“ (bg — X;cmijzj .Zl @i )
J J=itT

(4)

GaussSei del y°nt emi , °zell i kl e diyagonal bask
g°steren bir iteratif g@lzgmalterkénnda dyay g &y hae
bu y°ntem, elektriksel y¢k akéké analizleri
uygul anmaktadér (Chapra & Canal e, 2020) . Ay r
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denkl em si st emledrlierki nwe-reizmm¢gnde bve i kKl em sg¢r

i-in tercih edilen y°ntemler arasénda yer al

25.LUAyr é, Kkt ér ma

LU ayréektérma (veya LU dekompozisyonu), bir
¢-gensel (Upper) ki matrisin -arpéemé ol ara
l ineer denklem sistemlerinin -°agmagmdeae,dama tkrl
verimliliji a-éséndan b¢yek avamt &irenmtag | ar
i -in LU ayréktérmasé denklemi denklem 56teki
A= LU (5)

MatrisA, al tLve- gsnUmatgers!| eri ne byybed eéar @&Rdgm i
y denklemleri - G2¢glseglUaygdtermd reg ,ma2kaG)e.ci nde bi
(L) vV e c¢st)) ¢mageni s(l erine nasel ayreéeldejéne

g°stermektedir.

it

o,

)

G°rsélU 4d4yréktérma s¢grecinde bir matrisin alt ve
(Contributors, 202%

LUayr ékt er mas é, czelli kle don¢gkteéer ¢l mesi zor

tersine alma ikl eml eriirne- °gz%¢ned ¢dra h(aK ihuesza | éa avse,

2.6. HibritY° nt eml er

Hi brit sayésal y°ntemler, tek bir al gor it me
dojrulujunu ile verimliliJini artér mak amacé
getiren Yakl| #kwe@mllarkd e k°k bul ma problemlerir
y°ntemlerle (°rnejin Bisection), hezl-e yake
Raphson) birlikte Kkullanélmasé hem kararl el
s aj | a m@uartemodietal.,, 2014). Newtdha phson y°ntemi, bir nokt
dayanarak iteratif olarak g¢ncell enmi k denkl
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f(c)
=C 6
Xﬂ"'l .I:I(C) ()
Bu yapéeé, °zelli kle fonksiyonun eji mi hakkeé&n
derece et kild. sonu-1I|lar wverir. ¥rnejin, Bi s e
NewtonRaphson y°ntemil éinladihézl  Qgantaeroni et a

7. YAPAY ZEKA VE MAKKNE ¥JRENMESKNDE SAYI SAL

DENEYSEL SONUC¢LARI
Deneyl erde, .- farkle vewiussa@gtii- iirsdiemol ar;&k

URS robot kolunun kinematiparametreleri ve lityuan y on pi-deearp ®danpge¢l e

probl emlere uygulanan t¢m n¢gmer i k -Raphsane ml er i

GaussSei del ve LU ayrékéemé) sonu-1lareé karkél acx
kodl arié vweergielrd- ekl exktiril me kekl i, hesapl ama
hata orané gibi °l-¢tlere g°re a-éeéklandeée ve

(PI'NN ve DNN) Python kod °rnekleriyle sunul d

a. Bisection Metodu

Bisectony ®° nt emi tek dejikkenli denklemler i-in Kk
aral ekl ara iteratif ol arak b?©°l-iyon bataey& veri © z ¢ m
setinde bir kapasite exil]i sorunub6té@&zyet el k

MATLAB kodu, basit bir f(x)=0 fonksiyonunun

function [root, iter] = bisection(func, a, b, tol, maxIter)
fa = func(a); fb = func(b);
if fa*fb > @
error('Baslangi¢ araliginda isaret degisimi yok');
end
for iter = 1l:maxIter
c=(a+b)/2;
fc = func(c);
if abs(fc) < tol || (b - a)/2 < tol
root = c;
return;
end
if fa*fc < @
b =c; fb
else

fc;

a = c; fa = fc;
end
end
root = (a + b)/2;
end

Gorsél(x%=0 fonksiyonunun k°k¢gnegn Bisection
Bu kodda func -°z¢l mek i stenen fhannkasityod reu,an]

belirtir. ¥rnejin bir batarya °mr¢ model i nd
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noktayeé bul mak i-in kullaneélabilir 20 itere
eri kil mi ktir . -6beayesindadirrané tol = 10"
b. RegulaFalsi Metodu
Regula Falsi y°nt emi de Bisectionba benzer K
nokta ol arak dojrusal i nterpolasyon kull ane
adéeml aréné g°stermektedir
function [root, iter] = regulaFalsi(func, a, b, tol, maxIter)
fa = func(a); fb = func(b);
if fa*fb > @
error('Baslangi¢ araliginda isaret degisimi yok');
end
for iter = 1:maxIter
c =a - fa*(b - a)/(fb - fa); % dogrusal interpolasyon
fc = func(c);
if abs(fc) < tol
root = c;
return;
end
if fa*fc < @
b =c; fb = fc;
else
a =c; fa = fc;
end
end
root = a - fa*(b - a)/(fb - fa);
end
G°r s RegulbFalsy ° nt e mimel nadéml ar &
Regula Falsi, Bisectionbda g°re genellikle da
batarya ©°mr g hesaplamasénda y°ntem vyakl akél

u l

mertebesi).

C.

ve ©°zel

aAaKMmMmeée~kKkt éer

Bel

NewtonRaphson Metodu
NewtonRa p hson

Ikl e g¢-

Prtil

y°nt emi ,

| ¢

en

ok deji

Kkenl i

t oklteérraénlsatbai | h a-6 ad,¢ zB Yy

dojrusal

yakéndama g%zelsliisk leemi indee g

dengesti enk |l eml eri ni n -RmEhasmym dme tNeedwtt oknul | anél mé«k

¥rnejin

adeéeml

ar éene

G°r sel

706de
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function [x, iter] = newtonMethod(F, J, x@, tol, maxIter)
X = X0;
for iter = l:maxIter
Fx = F(x);
Ix = 3(x);
dx -Ix \ Fx;
X = X + dx;
if norm(dx) < tol
return;
end

end
end

Gor stléwtoFdRaphson y°nteminin temel ademl e
Gergeéede F -°9z¢l mek i stenen denklem sistemini
El ektrik sistemi -rueyagkutliafmagéndadernklakn i i stenm
NewtonRa p h s o n yBusisistermnde oitalam@3 i t er asyonda tyeark.énsa
Bu, dojrusal yakénsaSandgl°)ntegiml ereoK °dahd&ahb
S¢resi LU -°2z¢m¢ il e yaklakek 0.005 saniye o
J matrisinin olukturul masé vee fg%rmeordal@asyoa
Ancak hata (°rnejin gerif ismwigwe,skilnde 4féazlkd a
Raphsondén i kinci dereceden yakénsama °zel |l
sistemlerde Newtondbun gelramninaltdadaewes( Hibwa ryk,a
UR5 robot kolu kinemati k probl emi i -in de Ne
efekt®r¢negn hedef pozisyon ve oryantasyonunu
MATLAB kodu yukareend alniar @ikbik uF | ahét mekt éer . ¥
ki nemati k probl emi -0 z¢el ¢rik@n i Newa ®yo nndeat oyl
sajl améxkteéer . Bel irli bakl angée- tahminlerinde

Ortal ama hebapkamamsfprireaniye mertebesinde ol

d. GaussSeidel Metodu
GaussSei del y°ntemi, dojrusal cebir sistemleri

flow) problemlerinin basit sistenB®yIBEE -°z¢r
14-bus sisteminde Gausse |1 d e | il e g¢- akékeée -°9z¢:;m¢g denenim

-izel ge ge¢ncell emesii Keklindedir. G°rsel 86d
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function [V, iter] = gaussSeidelPF(Ybus, V_init, S, tol, maxIter)
V = V_init; % Baslangi¢ gerilimleri
n = length(V);
for iter = 1l:maxIter
V_old = V;

for i = 2:n % 1. baraj (slack) oldugundan atlanir

sumYV 0;
for j 1:n
if j~=1
sumYV = sumYV + Ybus(i,j) * V(3);
end
end
V(i) = (1 / Ybus(i,i)) * ((S(i) / conj(V(i))) - sumYV);

end

% Yakinsama kontroli (sonsuz norm)
if norm(V - V_old, inf) < tol

return;
end
end
end
G°r s&aussSei del il e g¢- akeke -°z¢img
Burada Ybus sistem admitans matrisij $ e her bus i -in g¢- dej er
sonu-1| ar énSeigdeale yamutsesmi il k iterasyonda heéz
50 iterasyon gerektirmi ktir. Bu durumda hesa
s) ol muk, k akeglakarhéerhmd eni speten d¢kektgr. Lit
sistemlerde GausS e i d e | hezl e olabilir, ancak sistem

e
Hata azalémé il k bakta hezlée olup giderek

kakrartéréldéjéenda daha fazla iterasyon gerek

e. LU Ayréxkteéer masée

LU ayreéektérmaseée, dojrusal sisteml eri dojruda
Newton veya dijer metotlarén her iterasyonun
i -LW uygul anméxter . MATLAB kodu °rneji G°rse

% A*x = b dogrusal sistemini LU ile ¢dzme

[L, U, P] = 1u(A);

y = L\ (P*b);

x =U\y;

G°r s &huss9ei del il e g¢- akékeée -9°9z¢mg
G°rsel 96da | u(A) komutu matrisin LU fakt?©°r.i

Deneylerde, 14 u s sistemindeki daermui tyéma eynonk udd ama

ayréektermasé genel de sabit bir s¢re al ér (9
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iterasyonla -°9z¢me ul aker. Bu nedenle iteras
mal iyetlidir. nBe)l |l (ermkatkruilss ameyet vO(a bajl &) 0 |
keyasla y¢ksektir.

ff. Karkél aktéermal & Perfor mans
Akaj] édaki tabl ol ar, her bir y°ntem i-in far

czetl er. ¢ i zbeul sg es i1s,t elnd E EyogRdphaok, &CausSeidebve NUE w t

met otl arénén hesaplama s¢resi, i terasyon say
206de -lyobgpumatarya °mr¢ tahmini (°rnejin kap
Regul a Fal si k arek é3 Gatket éir€d mBR5  ét er ¢i kKehgmat |

metodu ve (°Jrenme tabanlée) DNN performanse

¢Ci zellkFkE1l4bus g¢- akéeké i-in y°ntemler arasé kar KE
Y°nten Ktera| S¢r e Hata (ppm) Bellek (KB)
Newton-Raphson 415 ~0.005 ~1e6 Y¢ékse
GaussSeidel 30i 50 ~0.020 ~1e6 D¢ K ¢k
LU Ayr éy - ~0.002 - Y¢ékse
¢i zelBpd aZ2.ya °mr ¢ tahmini (tek denklem) i-in kar.
Yo°ntem Ktera| S¢gr e Hata (tol) Bellek (KB)
Bisection 20 ~0.001 le6 ¢ok D¢ K
Regula Falsi 15 ~0.0008 le6 ¢ok D¢ H
NewtonRaphson 5 ~0.002 le6 Orta
¢i zelURS Robot Kinemati k (ters kinemati k) =-°2z¢mg
Y°nt em Kt er a| S¢ r e| Hata(mm) | Bellek (KB)
NewtonRaphson 7110 ~0.010 <le3 D¢ K ¢ K
(Jacobian)
DNN (°rnek T ~0.005 ~le2 Y¢ékse
model)
¢Cizelgel erdeki ssRaphd4amaggiele Neat @l az iter
sunar ken, per iter asyywn | mesLaEl amadrSedd kelzal vaal elr e
az bellek harcarken -o0ok daha fazla iterasyo
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denklem i-in kullanéeldéejénda dojruluklare b
iterasyonda -°zgmeteramaseéki ae. dbPragal siste
iterasyon baréndérmaz; toplam s¢resi de¢ ke k f
Belirtilen metriklerdeki farkl él ekl ar, y°nt e
maliyel er i nden kaynakl anmaktadér (Wang et al . 2

3. 7. Yapay Zeka Tabanl é& Yakl akéeml ar

Son ol arak, deneysel karkélakxtérmaya derin ©°
PINN (Physicsinformed Neural Network) modeli lityusiyon batarya bozulma dinamii n i
°Jrenmek i -in kullanéel méktér (Wang et al ,
yazeélabilen basit bir PINN kodu g°rseli G°rs

import tensorflow as tf

model = tf.keras.Sequential(][
tf.keras.layers.Dense(50, activation="tanh', input_shape=(2,)),

tf.keras.layers.Dense(50, activation='tanh'),
tf.keras.layers.Dense(1l)

D

loss_fn = tf.keras.losses.MeanSquaredError()

optimizer = tf.keras.optimizers.Adam(learning rate=0.001)

G°r sedr nteOk. bi r PI NN model i

PI NN6in avantajé model t akearkll & nmdielrgi)l arelnest (i o
fonksiyonu olukturabil mesidir. Wang ve ark.
k¢-¢k veri setlerinde bile %0.87 MAPE gi bi d.
Yapél an deneyd\eN insoed ebleinnzienr theisrt Fhlat asé ti pik

PI NN6in ejitim s¢gresi veri setine g°re birk:
dojru ve genellextirilmiktir. Ayréca DNN (D
ki nematajkr vuda-ne kgdi ¥ i tka hmi ni yapél mékteéer. ¥rnej
ajé kodu G°rsel 116de verilmicktir.
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from tensorflow.keras import models, layers
model = models.Sequential([
layers.Dense(128, activation='relu', input_shape=(6,)),

layers.Dense(128, activation='relu'),
layers.Dense(6)

D

model.compile(optimizer="adam', loss="mse’)
G°r sedrnlelk bir PI NN model.

Bu DNN, yeterl. ejitim verisi ol masée dur umu
Bizimdeneysel sonu-I|larémézda ejitilen model, N

hezl é& tahmin yaparken (teR mmepozbsesybeméat@s

Literat¢rde benzer -al ékmalarday¢Ragek oaodjar alk
gestermi ktir. ¥rnejin, PI' NN ve DNN tabanl é
performans sergileyerek k¢-¢k °rneklem setl e

8.SONU¢ VE ¥NERKLER

Bu -al ékma, yapgyenene@iveal amkiame@énda sayésal
di siplinler arasé bir perspektifle ele alara
model |l erin karkélakteérmalé etkinlijini dejer
k K bul ma, l i neer denklem -°9z¢:m¢ ve opti mi z:
modern ver. analitiji sistemlerinde hoOl © vaz

Kl asi k ¥ BisettienmIRegula Falsi, NewtdRaphson, GausSeidel ve LU

ayrmxdgagksek dojrul uk, d¢kéek hesaplama karm
avantajl ar sunmaktadeéer . Ancak ©°zellikle bacx
araleje ve dojrusal ol mayan probl emlngek kar K¢
bakéna yeterl.i ol madejéné g°stermektedir. B
PI NN ve DNN), -ok boyutlu ve belirsizlik 1i-e
sergil emekt e; ancak y¢ksek keirkl igjeir ekisbini Ina z

baréndér maktader .
tal ékmada °nebPreejhinbBi seRRapodlanbambikivt b e Ki
y°ntemin avantajlaréné bir araya getirerek h

potansiyeline sahiptir Si m¢ | asyeBwulsarg¢ -l BSEE tledmi , UR5 robo
lityum-i yon batarya °m¢gr tahmini gi bi ¢ - farkl e
y°ntemler ile yapay zek®© modell erinimedu - ok
gesteril mixktir.
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Sonu-1ar, kl asi k n¢gmeri k -°z¢ce¢lerin hO©l en vy
t emel ol ukturdujunu ve bu yapélarén modern

-%z¢m platformlare tasaurd an&lziell d d kjlieni b ¢qretke
m¢hendi sl ik uygul amal ar énda, deterministik
dojrul ama ve sonu- iyilexktirme gibi alanlard
ve esnek yapay zekmesiséeekmbhekénsaj geyaegakrer
Gel ecekteki -al ewymap aayr , z ehk @ r iatl g csraiytémsaallar én
uygul amal ardaki bakar éméné °1 - mek, adaptif
bell ek/ hesapl ama kaynakl|l ar énaék |l danhmea | edeir ml iAy
yakl akéml ar én end¢gstriyel ot omasyon, ener

uygul amal ardaki potansiyeli daha kapsamleé bi

2 KAYNAKCA

3 Aksoy, S., & ¥Qae@sa(3 Anlad WE0.) .Nobel Yay:
Alotaibi, S., Ghasemi, M., Baleanu, D., & Alzahrani, E. (2022). A new fractional order root

seeking method using neural network modsénsors, 222), 8909.

Attia, A., Elgarayhi, A., Elmojtba, M., & El Sayed, A. M. A. (2023). Numerical solutions of
fractional twedimensional Burgers equation and the impact of neural networks on small
scale problemsScientific Reports, 13rticle 4539.

Atkinson, K. E. (1989)An introduction to numerical analys{&nd ed.). Wiley.

Bensadoun, R., Gur, S., Blau, N., Shenkar, T., & Wolf, L. (2022). Neural inverse kinematics.
In Proceedings of the 39th International Conference on Machine Learning (ICML.2022)
PMLR.

Burden, R. L., & Faires, J. D. (2011Nlumerical analysig9th ed.). Brooks/Cole, Cengage
Learning.

Burden, R. L., & Faires, J. D. (201&umerical analysi¢10th ed.). Cengage Learning.

Chapra, S. C., & Canale, R. P. (2028umerical methods for enginasg8th ed.). McGraw
Hill Education.

Chen, Y., & Liu, J. (2023). Towards efficient design of future networks via advanced
optimization methodsarXiv.

Golub, G. H., & Van Loan, C. F. (2013Matrix computations(4th ed.). Johns Hopkins
University Press.

Gorodnichenko, Y. (2021).Trade performance and quantity analydisMa st er 6 s t he

Skolkovo Institute of Science and Technology].

181



o LONFE R[ﬂﬂ.
¥ s e,

ACADE gy
%,
ok

SELCUXh1| NTERNATI ONAL CAORFEIBEDNGEHKCES
May -28, -XKOON5A
— Proceed -h§B N BDNBRS9 &

Hiwarkar, C. S., Halmare, A. M., Belsare, A. A., Mohriya, N. B., & Milmile, R. (2022). Load
flow analysis on IEEE 14 bus systemternational Journal for Research in Applied
Science and Engineering Technology(4}0157 163.

Kiusalaas, J. (2013Numerical methods in engineering with Pytho(B8&1 ed.). Cambridge
University Press.

Kim, S., Lee, J., & Park, H. (2023). Muklicenaio analysis of lithiurAon battery degradation
using machine learning techniquBsitteries, 96), 301.

Kumar, S., & Sharma, R. (2023). A comprehensive review and framework for addressing
challenges in smart grids: Modeling, control, and optimizationréoewable energy
integration Energies, 184), 845.

Mathews, J. H., & Fink, K. D. (2004)Numerical methods using MATLA®h ed.). Pearson.

Mashayekhi, S., & Razzaghi, M. (2019). Numerical solution of fractional optimal control
problems using operationadatrix with hybrid functionsMathematics, {L1), 1118.

MDPI. (n.d.). Numerical analysis with applications in machine learning [Special issue].
MathematicsRetrieved May 18, 2025.

Munkhoeva, M. (2021)Fast numerical linear algebra methods for machinerniea.
Skolkovo Institute of Science and Technology.

Quarteroni, A., Sacco, R., & Saleri, F. (201Mumerical mathematig®nd ed.). Springer.

Ram2rez, F. , & M¢l |l er, F. (2023) . Vi sual ser
Emika manipulato arXiv.

Saadat, H. (1999Power system analysis

Sauer, T. (2017Numerical analysi$3rd ed.). Pearson Education.

Smarandache, F. (Ed.). (n.dNumerical analysis and machine learning: Theory, methods,
applications, and softwardMDPI. ( E r iTarihi:r22.03.2025)

Strang, G. (2016)ntroduction to linear algebrg5th ed.). WellesleyCambridge Press.

Trefethen, L. N., & Bau, D. (1997\Numerical linear algebraSIAM.

Tripathi, R., & Verma, O. P. (2020). A memee¥ficient and hybrid neural netwiomodel for
the solution of nonlinear singular boundary value problems arising in physi@dgy.
Computer Science(3), Article 284.

Wang, F., Zhai, Z., Zhao, Z., Di, Y., & Chen, X. (2024). Phyansrmed neural network for
lithium-ion battery degradatn stable modeling and prognosiature Communications,

15, Article 4332.

Wang, J., & Li, M. (2023). Tensor decomposition for classical machine leaariXiy.

182



o CONFEREgr,
5 ;’c

Y
ok

SELCUXh1| NTERNATI ONAL CAORFEIBEDNGEHKCES
May -28, -XKOON5A
— Proceed -h§B N BDNBRS9 &

Wang, X., & Zhang, H. (2023). Recent advances in numerical methods for nonlinear equations:
A comprehensive revievAlgorithms, 181), 23.

Wang, Z., et al. (2024). Physiagormed neural networks for battery degradation prediction.
Journal of Energy Storage

Wikipedia contributors. (2025). Bisection meth¥dkipedia( Er i ki m Tar i hi : 25.
Wikipedia contributors. (2025). LU decompositiédikipedig( Er i ki m Tar i hi : 30.
Wi ki pedia contri but or Wikipedial E2 5 .k)i .mL.OIBWE) hn & s Ome
Wikipedia contributors. (2025). Regula faMiikipedia ( Er i ki m Tar i hi : 05. 04

Zhang, C., Liu, Q., & Yang, X. (2024). A novel restarted SiBB Gauss Seidel algorithm for
solving large sparse linear systelAfMS Mathematics, (@), 848 867.

183



o LONFE Rfil‘(,
¥ s e,

ACADE gy
%,
ok

SELCUX hl1 I NTERNATI ONAL CAOARFERENENCEIS$
May -28, -XKOON5YA
................... Proceed -h§BNBWSBKR-59 6724

| KKOR: G¥R! NT! KKLEME TABANLI, EWEERDNKLKACI
NESNE TAKKBK YAPABKLEN OTONOM ROBOT SK

Rukiye ¥ZDEN
D¢zce | niver si
ozdenrukiye88@gmail.com0009-000458038789
Serkan ¥ZER

D¢zce | niversi
serkan.ozer201120@gmail.ceri00900046727-4468

Dr. ¥jJr. |yesi, Beytu

D¢zce | niversi

beytullahbozali@duzce.edu:t0000000236335780

¥ZET

Bu - al Kma, end¢gstrivyel ortamlarda sék-a kar

robot

e

ve buna bajl é yaral anmal ar hedéfleyeneotormom bimmiolkii k ay €
sisteminin tasarém ve geliktirme s¢re
K

et kil eki mini arter mak amacéyla sesl.i Kkomut |

aracel éejéyla konum tabbhnl mekWPtadiemdi Bimset gmy - ¢
c

takémacél ejé gibi i nsan g¢ce¢ne dayalée faal.i
amaceéeyla, g°r¢nteg i1 kKl eme ve sens®r teknol oji
algel ama, obékilimésnelakil eraki p etme ve engel |
Bu iklevler sayesinde, i nsan hataséna bajl é
ama-|l anmaktadér . Yazéléem altyapésé Pwnwthon p
i K|l eme vV e nesne t anéma i Kl eml er i i -in Ope
kull anél mexkt eéer . Donaném bil ekeni ol arak dg¢«kyg

Raspberry Pi platformu tercih edil®Mmlk0i+ifiSi

mot or s¢re¢ce karte kull aneéel méexk; mesafe al gel
-eki t |l sensril er entegre edil miktir. Ayr éc.
arteéereéel mase amaceyl a, y ¢ ksieml e+ 9 z ¢inlge | glell 4 K
teknolojileri entegre edilmiktir. Deneysel t
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y ¢ ksek operasyonel verimlil ik sajl adejéenée

end¢striyel otomasyokekiylgdée aknall laae@ldabielt &c @]

Anahtar Kelimeler: Kk  G¢venl i i, End¢striyel Ot omasyol
Kkl eme, Engell erden Ka-abilen Robot

| K KOR: | MAGE PROCESSI NG BASED AUTONOMOUS RO
CAN AVOID OBSTACLES AND TRACK COLORED OBJECTS

ABSTRACT
This study covers the design and development process of an autonomous mobile robot system

that aims to prevent occupational accidents caused by transportation frequently encountered in
industrial environments and to reduce rethinjuries and economic losses. The developed
robot can be controlled with voice commands in order to increase user interaction and can
perform locatiorbased guidance via GPS module. The system is equipped with image
processing and sensor technologieprievent work accidents, especially in activities that rely

on human power, such as dry cargo transportation. The robot can perceive the environment in
real time, follow objects of certain colors, and avoid obstacles. These functions aim to reduce
risks rdéated to human error and increase work safety. The software infrastructure was
developed with the Python programming language, and OpenCV, NumPy and YOLOv7
libraries were used for image processing and object recognition. The Raspberry Pi platform,
which sainds out with its low energy consumption and affordable cost, was preferred as the
hardware component. In the system architecture, L9110 dual motor driver card is used for motor
control; various sensors are integrated for tasks such as distance detedbiorecognition

and obstacle detection. In addition, higisolution imaging units and advanced sensor
technologies have been integrated to increase detection sensitivity and operational accuracy.
Experimental findings have shown that the system providgsoperational efficiency despite

low energy consumption and can be used effectively in industrial automation applications by

providing a usefriendly and safe structure.

Keywords: Work Safety, Industrial Automation, Color Object Tracking, Im&yecessing,
Obstacle Avoiding Robot
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1. GKRKK

Son yeéllarda ik yerlerinde yakanan ik kazal a
daha etkin kKekilde y°netil mesini ve bu al an
getitimi.k Bu bajl amda, czelli kle depo ortamla
gi bi |l ojistik faaliyetlerin yané séra, Vy¢kse
kritik Dbir r ol ¢ stl enmektedir . etAenrcoajke n dyeappod
operasyonel kar makeéekl|l ékl ar e nedeniyl e y ¢ ks
dejerlendirme ve y°netimini genegmegzde daha
ortamlarda g¢venli k standar t | allkér @mektede n € ml a |
(Bakacak, 2007) . Teknol oji k gelikmeler dojr.t
operasyonel verimlilifji arter mayeée vV e per s ol
ama-|layan sistemler gel i kKtvier ioltmenkotme dairra.- | Bau , |k
tanéma, nesnel eri algelama ve takip et me ye
robotun takip ettiiji nesney.i kaybet mesi dur
uygul amal arda b¢yé¢k kaksaklyok| aar-raabvé meklt edsr .
fazla robotun koordineli bi-imde -al éxkarak k
robot sisteml er. génegmegzde gi der ek daha f e
gel i ktiril mesimdmeodkeullleanéliannc etlaesnadrig§ i nde, ©°7J |
ol ukturmaséna I mk©n tanéeéyan esnek ve geli«kt
edi | di Ji ger ¢l mektedir. Kodl ama y°ntemler.

olarak kullae | ma k t a, metin tabanl é& programlama dil
diller °ne -éeékmaktadeéer. Bununla birlikte, ej
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créen -—exitlilijinin sénérl é kal mars és én éril azyoé

unsurl ar arasénda yer al maktadér (Fatsa ve

di | i tercih edil miktir. Python"un yaygén Kkul
kodl u ol masé ve geni k k¢tlglpehradnleard elsgted pda me I( e
OpencCV, I nt el taraféndan geliktirilen ve C/
bil gisayarla g°rme k¢t ¢phanesidir (Erikti, 20
birimine i1 htiyapiduymag@dgaeahabiebmesites-in YOLO
ol arak entegre edilmik ve bu sayede <ci hazl
performansl é tespit yapél masée sajlanméexkteéer

diziler ¢zerikhkdel hergel émmat eynapél maséna ol ana
bu -al ékmada kull anél méxteéer (Cengi z, 2020) .
birli kte g°re¢nte 1kl eme tekni kl eri daha heéezl
°or¢tnagéma ve algéelama gibi zorlu uygul amal ar
kel mektér (Altunkurt, ¥zgg¢r Me s ud, 2011) . C
czerinden anl amlé bilgilerin elednektedirdMurame si ni
ve Bilal, 2016; Murat,2016). Son ol arak, bu

(YHDTC) , mal zeme karakterizasyonunun detayl é
takémaktader . Yapél an dealrebrei nt edsatylaenréimésr@an ubcau
edil en verilerin anal i zi, mal z e me davr aneéecx
sunmaktadeér (Topuz ve Arif Cem, 2019; Karpuz

Bu -al ékmanén t emel amacé, d¢ K¢k mathomy et | i ,
-al ékabil me yetenejine sahip bir mo b i | r o
ger-eklexktirilmesidir. Literat¢rde yer al an
mal i yet | i ticar.i -%z¢ml erden ol iyatlenineksehgp y a d
prototiplerden ibarettir. Bu dojrultuda gel
-evresel al gélama ve otonom hareket kabil iy
ol ukturacak bir -%z¢m sunmay éemegdaleft esmmpkt ed
sens®°rleri, renkl i nesne takibi i -in optik
modg¢ |l ¢, gersel veri toplama ve i kleme 1 KI el
Robotun hareket mekanmadctgbg LDBbélBambaomakygay
unsurl aré Python programlama dil.i aracel éej é
sisteme entegre edilen kablosuz iletikim mo
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otonom i kKl em kammislainy antgid aihlad esii attemg,er ek duy m,
getirebil mektedir. Bu -al ékmayl a, sanayi t
kull anél abil ecek, esnek vV e °]l -ekl enebilir
ama-|l anmaktadeéer veBldylfleceaart@eméi magta hem de
azaltelarak operasyonel verimlilik °nemli ©I

2. MATERYAL VE METOD

Bu -al ékmada, ge°ré¢nt ¢ 1 kKl eme t abanybpabilenengel «
otonom robot tasarl anméxkter. Si st em; mesaf e
robotun belirl:i bir yolu takip etmesini saj

ederek otomati k m¢gdahal e metrorlkdarktdDlimékmed,i
mod¢l ¢ 011 e hareket et mekt e; engel |l erden k a-
tamamen otonom ¥Yalk &k ahe d anffekderdi Bl.uet oot h il e
platformu ¢zerinden moba |i zvleeynae weeb kaornatyriozl¢ sa
Logitech C270 webcam modg¢l ¢ il e gorsel ver.i
mod¢l er yapésé sayesinde farkle senaryol ar d:
prototi p, engelrlidear i ne off @dmwkluée oremhknll ia nesnel e

edilerek g¢venli, degkegk maliyetli ve uygul an

2.1. Raspberry Pi

Robotun -evresel algélama ve hareket akh@xtamol
yazél ém araceéelejeyla ger-eklexktirilmektedir.
engelleri sens®r wverilerine dayanarak algeéel a
y°nel mesi ni m¢mke¢n kél magktmdaracd@dlegenl aisee
fonksiyonunu da yerine getirebil mektedir. R
al goritmal ar e, geni kK k¢t ¢gphane destefji ve a-
programlama di |lriulkmddtanré | (aH ¢alka kbd uxkd uKapucu,

2. 2. Projede Kullanélan Mal zemel er

2.2.1. TCRT5000 Kezelo°tesi Yanséma Sens®O®r ¢

Bu projede, kézeéel°tesi yanséma prensibiyle -
al gél ama amacéyla kull aneld mede éyer Sehahr k b ¢
sayesinde, yézeyden yanséyan éekeéejée algél ayal
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ayert edebil mekte Ve robotun °nceden tanén
kel maktadér. Ayrleecmanyakgal Imesiaf etdes piuti ve
b°l gel ere yakl aktéjénda g¢venl i hareket kara
bildirim verileriyle ger-eklexktirilmektedir.

Gorsel sudgdil maktadeéer .

G°r s@ICRT5000 Kézeéel ot & Aib dvjamseéma mSeres °Gé¢ney

2.2.2.Arduino UARTGPSNE&G M GPS Mod¢ | ¢

Bu -al ekxmada -&Vi00lI0alnémad¢INEO gl obal konuml a
uydul aréndan aaladcé&jlé&] ¢y hwnalelnd re m, boyl am, y ¢ |
belirleyebilen y¢ksek hassasiyetli bir konur
payéna sahip olan bu modg¢l , °czell i kle konum
sistemlerive mb i | robot wuygul amal aré gi bi projelerd
6M modg¢l ¢, UART haberl ekme protokol ¢ ¢zerind
kontrolc¢ platformuyla uyumlu «kKekilde -al éx
robotunbul unduju konumu belirl emek, hareket rot

kararl aréné destekl emek amacéeyl a6dnmegré caei
ait g°rsel G°rsel 206de sunul maktadeér.

NEO-6M-0-001 -}
st
1636

0400 09
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G° r s &duin@ UARTGPSNE&B M GP S Kketebekler, 2019)

223HC-SR04 Ul trasoni k Mesafe Sens®r ¢

Bu -al eékmadaSHRKwu4 lualntérlaasno HHCk s ens®°r modg¢l ¢, SE
ol an mesafeyi °]l -en bir mesafe al gél ama bil e
yapabim&t e ve yakl akek N3 mm hassasiyetle - al
(yanséma) pinleri czerinden mi krodenetl eyic
roboti k sistemlerde -evresel farkéndal ek seé
¥zellikle engel al gel ama vV e engel den ka-¢€
kull anél abil mektedir. D¢kek maliyetl!l i, yapes
projede sens°r¢n tercih edil mesi heminisi st en

artérmecxkter . CafSREMmadlat kas dminle ] Mens &dlfCe ¥1| - er |
e

30t sunul maktadeéer .

G°r seélCc-SR04 Ul trasoni[kb) Mesafe Sens°r ¢

224Red ¢kt °rl ¢ DC Motor

Bu -al ékmada, hargeketekinekamirzimmednémmaceéeyl a
(DC) motorlareée kullanéel mékxtér. Dojru akem il
d°ng¢Keé ményg sajl ayar ak sistemin hareket kab

bulunan redalte®r modloaminzmékeék hézéené azaltér

enerji teketimiyle y¢ksek tork el de edi |l mesi
rede¢ktoerl ¢ DC motorl ar, mo b i | robot sistemle
vaygeén ol arak tercih edil mektedir. Tasarl ance
edi |l mik ol up, sens®°rl erden el de edilen -evr
komutl aréné uygul amaktadeér. ¢ al eexnmandea &iutl | gan
G°rsel 406te sunul maktadér.

Gors®ed4gktorl {16]IDC Mot or
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2.2.5. LM2596 Ayarl anabilir Voltaj D¢ Keéer ¢
Bu -al ekxmada gg¢ - y°neti mini saj] |l -DGhaditaj a mac é
deker ¢cadowhygt emagagdlag °kul |l anél méxkt ér . Bu modg¢
daha d¢kegk ve sabit - ékeéex gerilimlerine d°
bil ekenlerin (°rnejin Raspberry Pi, sens®©°r |
besl enmesn nkiélmgankkt¢ad éer . lzerinde yer alan po
hassas bir kekilde ayarl anabil mekte, girick v
kol ayl @] é& sajlanmaktadeéer. LM2596 moéapl ar vek
geni kK voltaj ayar aral eje gibi avantajl ar é
tasarémlarénda yaygén ol arak tercih edil mekt
Vol t aj De¢kereéece Geg- Model ¢ndeerait g°r sel G°r s

G°rséeM2596 Ayarlanabilir Voltaj D¢e¢Ker¢gceg G-
2019)

2.2. 6. L9110 ¢i ft Mot or S¢re¢ce¢ Kart é
L9110 ¢i ft Mot or S¢re¢gcyey Kart e; kompakt yapeée

kontrol ¢ndet gagyigle neadil aemkbir s¢re¢gceg kartéeder

ent egresi bul unmaktader vV e 2.5V il e 12V é
-al ékxabil mektedir. Bu s¢re¢egce kart e, ik ade
edilmesineolanak aj | ar . Al ternatif ol arak, d°rt kabl
de Kkull anélabilir .-gelr9 1 1y0° nsd¢er ¢hecasr ekkaertt €k o nitlreorl
sayesinde, mobi | robot projelerinde teker
kulanél makt ader . Ayr éca, d¢kek voltajda -al éx
ve benzer.i mi krodenetl eyi ci pl atformlareée il
L9110 -ift motor s¢re¢ce karténén whkpadal . gor
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G°rsdl916.0 ¢i ft Mot or S¢r¢gce¢e Kartée (¢ekl a-a

2.2.7. Logitech Web Cam
Logitech C270 HD Web Kamer asé, 720p -°%z¢nggr

Ot omati k ékék dy¢ zaeyldéemel &tznead Ikigkiulillaer énadrak | deo ]
gerelte ©°nleyici mi krof onu, 1,5 metreye kad
ge°ré¢nte¢g i kKl eme ve ses algélama amaceéeyl a kul |l
uyumludur de GLogeltedld C270 HD Web Kamera mo
sunul maktadér .

G°rsébg7tech C270 HD WHDukamweer aTMiodgimd r

2.2.8 Raspberry Pi 3b+

Raspberry Pi 3 Model B+, 1-A833GHEK | @ thenipgkee ki hd
bir tek kartl é bil ghisawerBRléeuet 8dt2h 14.b2 gk aald lac
Kabl ol u bajlantél ar arasénda Gigabit Etherne
-ékékée bulunmaktadér. 40 9pinyal GPoOt aolaynre¢o
Gg¢ - besl emesi 5V mikro USB ile sajlanér. Pr
i Kl enmesi , renkl i nesne takibi, engel al gel
motor ve sens?°r k @&mrt.r 0G%r sie-li n8 oldwel | Raansépd breérkrty

gereé¢ntéese veril mi ktior.
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G°rs®hsPpberry P@{Pi,2065 Modg¢l ¢

3. PROTOTKP ¢ALI kKkMA SONUC¢LARI

Prototip sistemin ara- Kasisi, mekani k dayan
Kekil de takénmaseéne saj |l amak amaceyl a uy gt
tasarl anmék ve her bir donaném el emaneé i -1in

sistemini olukturan DC motorl ar, Kagj ydesir
tekerl ejin baj emseéz tahrik edi |l mesine ol an
d¢zenl eme, robotun manevra kabiliyetini art
iyilexktirirken, farkl e zemin k 0o K etméktediré nda ¢
Mot orl arén opti mal yerl exki mi, aracén hareket
Il yil exkme sajl amécxkteéer. El ektriksel altyapeée,

arasénda uygun kesitl:@ kalleolggr | kulvleamé&lvaema K
il eti mi sajl anmexkteéer . Kontr ol biri mi ol ar ak
czerine sajlam ve erikilebilir bir konumda m
kol ayl akt ér makt anylaeé merdienikongemhkr oni ve kaye
kel maktadeéer . Ara-ta d°rt tekerlejin her bir
yerlexktirilmixktir. Bu motorl ar aracén dojru
S¢réce¢y ol armalkftaajbiversaldett ol mak ¢zere i ki

Kull anél mexkter. Bagie rmo dhyd rl ek e tr olbmrntumolidgreg iger
tespiti amacéeyla robotun ¢st késménda ortal:
czere toplam ¢- adet ultrasoni k mesafe sens?@®
algéelayarak verileri ger-ek zamanl é& ol ar ak

Mi krodenetl eyici, gel en s ensAflandirmekie velrobatun n i i K
al gél anan engel y°n¢gnden farkl e bir y©°ne ot
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Ul trasoni k sens°rl erin Raspberry Pi il e
ger-eklexktirilmik ve verir aktarémé stabil bi
Robotun alt késménda, saj ve sol tarafta iki
de Raspberry Piboye jumper kablolar il e bajl a
nesneleri takip edebil mektatdan. b| st akdéetewmdhb,
i K|l eme ve kayét amaceéyla kullanél maktader. A
bulunmakta ve bu modygl robotun istenilen bP°

komut al gél amaseéeddat-imi krsaf &kre samdsa® rbg ryear al m

bil ekenlerinin entegrasyonu sayesinde, robot
sesl i komutl ara uygun «kKekilde otonom ol ar ak
m¢dahal esiged maldlaektirebi |l mektedir.

Ge°rsel 906da t¢m donanéem bilekenlerinin ente:q

portatif KKKOR robot prototipinin tamamlanmeé

G°r s&KkK®OR Robot prototip tasar émeé

Kk KOR recmbetgu,e mesafe sens®rleri aracél éejéyl a
ol arak ka-énabilir. Kezeéel°tesi sens®°rl erden
takibi yapar. Bu s¢re- robotun ot bkolarak - al é K
ger-eklextirilir. Robotun kontrol sistemi,
HTML tabanlé bir kontrol panel i czerinden iz
panel i, kull anéceélarén robosahnl ameasana doulraima
robotun performanséné izl emelerini ve kontro
°n ve arka prototipine ait aktif bir g°ré¢gnt g
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G°r sedt olmdom - al eékabil en KKKORSsrcobot prot ot

Otonom -alékabilen Kkkor robotun yukareéedaki ge°
Robot -alékmaya bakladéejénda saré renkte g°rdg¢
robot uzaktan izlenilebilmektedir. Robotta bulunan mesafas ° r | e r i sayesinde d:
engelleri algélamakta ve ka-énabil mektedir. Keé
bul unan engell eri algel ayabil mektedir. Bu s¢r
otomati k geediekl e Rtoibroitlume katr ka késménda bul una
robotun konumu tespit edilebil mektedir. Robott
yetersiz gelmiktir, bu sebeple robotunbotgns,cg¢ po
prototipine ait aktif bir g°r¢nte¢g ve kontrol p

manuel olarak da kontrol edilebilmektedir.

G°r seRoblolt.un prototipinin aktif g°r¢gntgseé Vi

4. SONUC¢ ¥WERKLER

B u
S i
(u

-al ékmada, otonom ve portatif yapéya sahi
steminin tasarémeée ve uygulamaseé ger-ekl ekt
| trasoni k) ve keéezel°tesi y aagebe@ ma sensorl er
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