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Oz

Bilyeli dovme islemi malzemenin mekanik ve ylizey 6zelliklerini iyilestirme amaciyla uygulanan bir

prosestir. Dévme islemi ile birlikte malzeme yiizeyi plastik deformasyona ugrar. Bu ¢alismada otomotiv,

Anahtar Kelimeler savunma ve ugak sanayisi gibi birgok alanda kullanilan AA6061 T6 aliminyum alagimina; farkl Almen
AA6061 T6; siddetlerinde $230 (0.6 mm) ve S330 (0.84 mm) celik bilyeler ile dovme islemi uygulanmistir. Bu islem
Bilyeli Dévme; sonucunda malzemenin mekanik ve yizey ozellikleri incelenmistir. AA6061 T6 aliiminyum alagiminin
Bilye Boyutu; bilyeli dédvme ile (%100 ylzey 6rtme oraninda) cekme dayaniminda %1 ile %3.8 arasinda artis meydana
Puskirtme Basinci. gelmigtir. Yiizey értme orani 6 bar piskiirtme basincinda %200’e cikartildiginda %100 yiizey értme

oranina gore ¢cekme dayanimi; kiigtik bilyede (S230/0.6 mm) %2.3, biytk ¢aph bilyede (S330/0.84) %0.7
artig gostermistir. PUsklrtme basincinin artmasi ile her iki bilye capinda yizey piruzlilik degerleri artig
gostermistir. Calismada ayrica ylzey ozelliklerinin incelenmesi igin SEM goriintiisii ele alinarak bilyeli
dévmenin malzeme yiizeyindeki plastik deformasyonu incelenmistir.

Investigation of Effect of Shot Peening on the Mechanical Properties of
AA6061 T6 Aluminum Alloy

Abstract

Shot peening is a process applied to improve the mechanical and surface properties of the material.

With the forging process, the material surface undergoes plastic deformation. In this study, to AA6061
T6 aluminum alloy that used in many areas such as automotive, defense and aircraft industry; shot

Keywords
AAGO61 T6: peening was applied at different Almen intensities obtained with S230 (0.6 mm) and S330 (0.84 mm)
Shot Peeninlg' stainless steel balls. At the end of this process, the mechanical and surface properties of the material
Shot ball: ' were examined. With the ball forging (100% surface coverage) of AA6061 T6 aluminum alloy, an

improvement in tensile strength from 1% to 3.8% occurred. When the surface coverage ratio is
increased to 200% at 6 bar injection pressure, tensile strength compared to 100% surface coverage;
increased 2.3% for small ball (5230/0.6 mm) and 0.7% for large diameter ball (5330/0.84). As the
injection pressure increased, the surface roughness values of both ball types increased. For the surface

Peening pressure.

evaluation, the plastic deformation of the shot peening on the material surface was investigated with
SEM images.

© Afyon Kocatepe Universitesi
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AA6061 T6 Aliiminyum Alasiminda Bilyeli Dévme isleminin Mekanik Ozelliklere Etkisinin incelenmesi, Kocaman and Demirer.

1. Giris

Bilyeli dovme, metalik malzemelerin ylizey ve ylizey
alti ozelliklerini gelistirmek igin kullanilan soguk
1990). Yiksek
hizlarda firlatilan kiigclik caph bilyelerin malzeme

sekil verme vyontemidir (Varol,

ylzeyine tekrarli ¢arpmasi  sonucu plastik
deformasyon tabakasi olusturur (Alkan, 2016) Bu
durum malzemenin tane vyapilarini incelterek,
¢ekme dayaniminda artis, ylzeyde artik gerilme
olusumu, ylizey ve ylizey alti bolgelerinde sertlik
artisi olarak gézlemlenir. Bilyeli dévme prosesinde
bilyeler vasitasiyla malzemeye kinetik enerji
aktarimi saglanmaktadir. Bu enerjinin 6l¢tlmesi icin
Almen testi gelistirilmistir. Almen siddeti; bilye
¢api1, bilye cinsi, plskirtme basinci, dovme slresi
ve ylizey 6rtme oranina bagli olarak degisir (Avcu E.
, 2018). Almen siddeti arttikca plastik deformasyon
kalinhg da artmaktadir (Unal & Varol, 2014). Bilyeli
dovme otomotiv ve havacilik sektorlerinde siklikla

kullanilan ucuz ve erisilebilir bir yontemdir.

Aliminyum malzemeler yiliksek korozyon direnci,
yuksek 6zgil dayanim, kolay islenebilirlik, hafiflik
ozellikleriyle celikten sonra en yaygin kullanilan
muihendislik malzemeleridir. Aliminyum c¢elik ile
daha hafiftir
tasarrufunun 6nem kazandigl savunma sanayinde,

kiyaslandiginda ¢ kat enetji
trenler, ugaklar, gemiler ve otomobiller gibi pek ¢ok
alanda tercih edilmektedir (Baser, 2012). Son
yillardaki gelismeler ile birlikte askeri araglarda hiz
ve manevra kabiliyetinin arttirilmasi 6nemli bir
konu olmustur. Celik malzemelerin yerini alacak
aliminyum alasimlarinin  mekanik 06zelliklerinin
iyilestirilmesi bu ¢alismanin baslica
amaclarindandir. 6xxx serisi aliiminyum alasimlari
magnezyum (Mg) ve silisyum (Si) icerir. Kaynak
edilebilme kabiliyetleri yuksektir. Bu 6zellik Gretim
masraflarini diisirir (Coskun, 2002).

Aliminyum alasimlar ile yapilan bilyeli dovme
islemleri incelendiginde Chen ve arkadaslar farkh

basinglarda  dovilen  AA6061  malzemesini
incelemistir. Basing arttikga ylzey purizlGluga,
plastik deformasyon kalinhgi ve korozyon

direncinde artis oldugunu goézlemlemislerdir (Chen,

ve digerleri, 2014). Alkan, AA1040 ve AA2024

aliminyum alasimlari Uzerine vyaptigi doktora
calismasinda S230 ve S460 bilyeler ile dévme islemi
gerceklestirmis ve akma sinirinda artis elde
ederken malzemelerin kopma uzamasinda azalma
oldugunu kaydetmistir (Alkan, 2014). Sathyajith;
lazer ile dévme islemini AA6061 T6 aliminyum
alasimina uygulamis ve ylizeyde meydana gelen
plastik deformasyonun bilye atis yogunlugu ile
birlikte arttigint ve malzemede mikrosertligin
1.2mm artis gosterdigini tespit etmistir (Sathyajith
& Kalainathan, 2012). Markovina ve arkadaslari,
bilyeli dovme parametrelerinden nozul agisi ve
nozul mesafesinin AA2024-T3 (izerine etkisini

incelemislerdir. Bilyeli dévme parametrelerinin
hatali secilmesi durumunda malzeme yiizeyinde
asirt soyulmaya neden olacagini belirtmislerdir
(Markovina, Blagojevi¢, & Ban, 2008). Patil ve
arkadaslari yaptiklari derlemede bilyeli dovmenin
aliminyum alasimlarinin  mekanik &zelliklerine
etkisini inceleyen calismalara deginmislerdir. Bilyeli
dovmenin; cekme dayanimi, yorulma omri ve
korozyon direnci ile dogrudan ilgili oldugunu
belirtmisledir (Patil, Shrikant, S., & S., 2018).
GUnldmuzde farkh aliiminyum alasimlarinda ve

farkli dévme tiirlerinde ¢ok sayida calisma devam

etmektedir.
Bilyeli doévme isleminde farkli parametreler,
dovilen  malzemenin  6zelliklerini  dogrudan

etkilemektedir. Bu parametreler; bilye capi, bilye
tlrd, paskidrtme basinci, puskirtme agisi, ylzey
ortme orani, dévme siiresi, plskirtme acisi, nozul
capl ve mesafesidir (Avcu E. , 2018). Yapilan bu
calismada, AA6061 T6 aliminyum alasimina dévme
islem parametreleri olarak iki farkli bilye capi ve (¢
farkl
parametrelerin malzemenin mekanik ve vylzey

plaskirtme  basinct  kullanilmistir.  Bu

ozelliklerine olan etkisi incelenmistir.

2. Malzeme ve Yontem
2.1. Malzeme

Bu calismada incelemeye deger olarak otomotiv,

savunma ve ucak sanayisi gibi bircok alanda
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kullanilan AA6061 T6 malzemesi segilmistir. T6

aliminyum malzemenin maksimum  akma

mukavemetini saglamaya yonelik isil islem

gorduglinii gostermektedir. Tablo 1'de kimyasal

Ozellikleri ve Tablo 2’de mekanik &zellikleri verilen
malzeme 320 x 320 x 3.17mm boyutlarinda levha
formunda hazirlanmistir.

Tablo 1. AA6061 T6 Aliminyum alasiminin kimyasal 6zellikleri

Elementler Si Fe Cu Mn Mg Cr Zn Ti Diger Al
Kiitlece % 0.68 0.44 0.24 0.14 0.94 0.18 0.06 0.04 0.03 Kalan
Tablo 2. AA6061 T6 Aliminyum alasiminin mekanik 6zellikleri
Temper Akma Mukavemeti Cekme Mukavemeti Uzama Sertlik

(MPa) (MPa) (%) (Vickers-HV)
T6 270 310 16 86
2.2. Yontem Calismada kullanilan bilyeler SAE tarafindan

Bilyeli dovme islemi SGM-1000G marka vakumlu tip

bilyeli dovme makinesinde yapilmistir. Manuel
ayarlamali olan makine igin gelistirilen dizenek ile
plakalara bilyeli dovme islemi uygulanmistir (Sekil

1).

belirlenen standartlara uygun olarak segilmistir.
Bilye gosterimindeki “S” kodu celik bilye olugunu,
“S230”daki rakam ise nominal ¢apin in¢ degerinin
10000 ile garpilmasini gosterir. Bilyelere ait fiziksel
ozellikler Tablo 3'te verilmistir.

Bilyeli d6vme kabini

Bilye besleme
tnitesi

hava
kompresdrii

\ Kullanilmis bilyelerin toplanma iinitesi | /

Sekil 1. Bilyeli dovme diizenegi
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Tablo 3. Bilye o6zellikleri (Fetas Metalurji , 2021)

Nominal Bilye Ozgil SEA J444 Elek Analizi
SAE no ¢ap sertligi Agirhik Kristal Sekli

(mm) (HRC) (g/cm3) Elek (mm) Tolerans

1.00 18 No Elekten Tamami
0.85 20 No Elekten max. %10

S230 0.60 40-55 7.2 Martenzitik  0.60 30 No Elekten min. %85
0.50 35 No Elekten min. %97

1.40 14 No Elekten Tamami

1.18 16 No Elekten max. %5

S330 0.84 40-55 7.2 Martenzitik  0.85 20 No Elekten min. %85
0.71 25 No Elekten min. %96

Sekil 2. S230 ve S330 bilye gérinumleri (Fetas Metalurji ,
2021)

Bilyeli dovme isleminde firlatilan bilyelerin aktardigi
kinetik enerjiyi 6lcmek icin Almen siddeti kullanilir.
Bu yontemde standart seritler kullanilir. Bilyeli
dovme ile birlikte seritte konveks egilme meydana
siddeti
seritlerde meydana gelen egriliginin yilksekligi olup
Almen olgiim cihazi ile belirlenir (Sekil 4). Bilyeli

gelir.  Almen deformasyona ugrayan

dovme isleminin Almen siddetinin 6l¢lilmesi igin
farkli sirelerde dévme islemi tekrarlanir. Dévme
suresi iki katina ¢ikarildiginda seritte meydana
gelen egri yuksekligi %10’dan daha az ise %100
ylzey ortme oranina ulastig kabul edilir. Almen
siddetinin Olclilmesinde standart serit tipleri
(N:hafif dovme siddeti, A:orta dovme siddeti,
C:yuksek dovme siddeti) kullaniimaktadir. Almen
seridi tutucuya (Sekil 3) sabitlenerek dévme islemi

gerceklestirilir (Alkan, 2014).

| Yikseklik artis1
| %10'dan daha az

Egri yiksekligi

s+ -

2t
Dovme siiresi

Sekil 5. Dovme suresi-egrilik ylksekligi grafiginden ylzey
ortme orani tayini (Ay & Sakin, 1988)
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iki  farkh
blylkligine sahip (5230 ve S330) bilyelerle, g

Calismada islem parametreleri tane
farkh basingta (4, 6 ve 8 bar) ve %100 ylzey 6rtme
oraninda dovilmustir. Ayrica ylzey 6értme oraninin
bilyeli dovmedeki etkisinin incelenmesi amaciyla 6

bar basin¢ta yapilan dévme islemi ylizey ortme

orani %200’e cikartilarak tekrar uygulanmistir.
Tablo 4’de bu
parametreler sonucunda elde edilen Almen siddeti
Egrilik yuksekligi 100 ile
carpilarak Almen siddeti ifade edilir (Ay & Sakin,
1988).

belirlenen parametreler ve

degerleri mevcuttur.

Tablo 4. Bilyeli dovme parametreleri

Malzeme Bilye Yiizey 6rtme Piiskiirtme Egri yuksekligi Siire Almen
olglist orani (%) Basing (ing) (sn) Siddeti
(bar)

100 4 0.146 51 14A

S230 100 6 0.157 64 16A

100 8 0.187 72 18A

$230 200 6 0.157 128 16A

AA6061 T6

100 4 0.183 58 18A

$330 100 6 0.245 70 24A

100 8 0.276 81 28A

S$330 200 6 0.245 140 24A

Cekme numuneleri, ¢ekme testine hazirlik icin
Tablo 4’deki dovme islemi sonrasinda fiber lazer
kesim makinesiyle (HD-F 3015) hazirlanmistir. Tablo
5'te ¢ekme test numunesi hazirlamak icin kesim
parametreleri verilmistir.

Tablo 5. HD-F 3015 fiber lazer kesim makinesi
parametreleri

Hiz (mm/min) 5000

Nozul mesafesi (mm) 1

Gaz basinci (bar) 15

Lazer giig (W) 3000

Frekans (Hz) 5000
Cekme numumelerinin  boyutlari  Sekil 6’da

verilmistir. Hazirlanan ¢cekme numuneleri LPM-3M
polisaj makinasi ile 120 meshlik zimparalar takilarak
lazer kesimi sirasinda olusan kesim izleri
dizeltilmistir. Cekme deneyleri ise SHIMADZU AG-
IC ¢ekme test cihazinda gerceklestirilmistir. Bilyeli

dovme islemi Oncesi ve sonrasi ylizey
parazlalaginin olcilmesi icin ART300 cihazi (Sekil
7)  kullanilmistir.  Bilyeli dévme ile vylzey
ozelliklerinin  incelenmesi icin dovilen plaka

formundaki malzemelerden 10x10mm boyutunda

numuneler alinarak JEOL JSM-6060LV taramali

elektron mikroskopunda (SEM) incelenmistir.

60

a=3.7
|

1
VLR40 00
38 ’

165

’7
20
[

,00!

:

Sekil 6. Cekme numunesi boyutlari (ISO 6892-1)

Sekil 7. Ylzey purazlalik olgimi

3. Deneysel Bulgular ve Tartisma

3.1 Bilyeli dévme parametrelerinin ¢cekme
mukavemetine etkisi

AA6061 T6 aliminyum alasiminin S230 ve S330
celik bilyeler kullanilarak 4, 6 ve 8 bar puskiirtme
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basincinda bilyeli doévme islemi neticesinde
kaydedilen cekme testi sonuglari Sekil 8 ve Tablo
6’da yer almaktadir. Bilyelerin ylizeye uyguladiklari
bombardimanin etkisi mekanik 6zellikleri dogrudan
etkilemistir. Cekme mukavemetindeki artis Almen

siddetiyle dogru orantil bir sekilde artmstir.

a) S230 Ortme orani %100

360
300 "_V\
)
£240
c
> —— 4 bar
Z180
u b
e 6 bar
'gf_zc 8 bar
dévilmemis
60
0

0 2 4 6 8 10 12 14

16 18 20 22

Yuzde uzama (%)

Buradaki artis peklesme sonucunda vylzeyde
meydana gelen artik basma gerilmesi olusumu ve

tane yapilarindaki plastik deformasyonlar ile

iliskilendirilebilir (Avcu E. , 2018).

b) $S330 Ortme orani %100

360

300 //"7' e}
€240 /
2 —4b
= 4 bar
Zi0 |
g f 6 bar
120 8 bar

doévilmemis
60 |/
o !

0 2 4 6 8 10 12 14

16 18 20 22

Yuzde uzama (%)

Sekil 8. Cekme testi sonuglari a)5230 bilye ile %100 ylizey 6rtme oraninda b)S330 bilye ile %100 ylizey 6rtme oraninda

Numunelerdeki mikro sertlik degerleri, iki tarafi
dovilmis numunelerin yanal kesitleri (3.17mm)
tzerinden alinmistir. Olgiimler distan ice dogru
gerceklestirilmistir. Tablo 6’da dovilmis yizey
sertligi, iki ylizeyden alinan sertlik degerlerinin

kesitin orta 6z kismindan da olgimler alinarak
meydana gelen degisim verilmistir. Plskirtme
basinci arttikca ylizeylerde sertlik artisi gorilirken,
0z kisimda ancak yuksek plisklirtme basincinda ¢ok

dislik bir artis goézlenmistir. Bu mikro sertlik

ortalamasi olup iki ylzey arasindaki fark yaklasik degerleri %100 Ortlculik oraninda alinan
%1-2 kadar tespit edilmistir. Ayrica numunelerdeki degerlerdir.
Tablo 6. Cekme mukavemeti ve Mikro sertlik degerleri (Ortiiciiliik orani:100 )
Malzeme Piskiirtme Cekme U Mikrosertlik Mikrosertlik
zama
ve Basinci Mukavemeti (%) HV HV
Bilyeler (bar) (MPa) 0 (Doviilmiis ylzey) (Numune orta kesiti)

Doviilmemis
- 315.8 16.8 86.00 86.00

AA6061 T6
4 318.8 16.6 104.25 86.00

S230

6 319.9 16.2 107.50 86.00

(0.60 mm)
8 327.8 15.0 117.15 86.60
4 319.1 15.4 120.25 86.00

S330

6 3244 14.3 123.60 86.20

(0.84 mm)
8 323.0 14.3 126.00 86.30
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3.1 Bilyeli dévme parametrelerinin yiizey
piiriizliiliigiine etkisi

Bilyeli dovme islemi bu c¢alismada mekanik
ozelliklerin iyilestiriimesine yoénelik yapilmaktadir.
Fakat parca ylzeyinin islem sonunda kullanilacagi
yere uygunluk acisindan da degerlendirilmesi
yapilmistir.

numunelerin

Bilyali doévme islemi sonucunda
ylzey pdrizliok degerinde artis
meydana gelmistir. S230 ve S330 celik bilyelerde
yapilan dévme sonucunda Ra (ortalama puarazlalik)

degerinde meydana gelen degisim Sekil 9’da

verilmistir.

- 8
g ® 5230
26
X 4
S
§ [
N
S 2
S
Q

0

2 4 6 8 10

Piiskiirtme Basinci (bar)

Sekil 9. AA6061 T6 malzemenin farkli basinglardaki
yuzey puruzliiluk degeri

a) S230-4 bar

<38 SO rm

S$230 (0.6mm) ile doévilen yizeylerde 4 bar’'da
ylzey purtzlilighd Ra=3.01 iken, 8 bar sonunda
Ra=4.93 degerine cikmaktadir. Yiizey
plrazlilagindeki artis %63.8’dir. S330 (0.84mm) ile
doévilen numunelerde 4 bar'da Ra=3.51 olan
parazlilik degeri, 8 bar plskirtme basincinda
Ra=5.17’e yikselmistir. Buradaki artis orani ise
%47.3 olarak tespit edilmistir.

3.3. Yiizey o6zellikleri SEM incelemesi
birlikte ylzeyde
meydana gelmistir.

Bilyeli dovme ile plastik

deformasyonlar Bilyelerin
mevcut kitlesi ve hiziyla olusturdugu kinetik enerji
ylzeye aktariimigtir. Yiizeyde kirilan tane yapilari
sonunda yeni bir ylizey formu olusmustur. Sekil
10’da bilyeli dovme islemi uygulanan AA6061 T6
aliminyum alasiminin SEM goérintileri verilmigtir.
Numunelerin SEM gorintileri Jeol marka JSM
6060LV cihazda

model cekilmistir.

b) S330-4 bar

HIO SO rsen

d) S330-6 bar

Sekil 10. Bilyeli dovme parametrelerinin SEM analizi a)S230 bilye-4 bar b) S330 bilye-4 bar
¢) S230 bilye-6 bar d) S330 bilye-6 bar e) S230 bilye-8 bar f) S330 bilye-8 bar
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Sekil 10’daki SEM gorintileri incelendiginde, S230
bilyede basing arttik¢a ylizeyde olusan tepe-cukur
olusumlari giderek belirgin hale gelmistir. Ayni
yorumu S330 bilye i¢cin yapmak mimkindir. SEM
gorintileriyle ylzey puruzltlik degerleri birbirini
desteklemektedir.

Bilyeli dovmede ayni basing degerlerinde S330
(0.84mm) bilyelerin S230 (0.6mm) bilyelere gore
belirgin deformasyon boélgeleri olusturmustur. Bilye
tepe-¢ukur olusumlarinin

cap! arttik¢a arttig

gozlemlenmektedir. Bu durum plrizltlikle de

ortismektedir.

3.4 Bilyeli dévme isleminde yiizey 6rtme oraninin
malzeme iizerindeki etkileri

Bilyeli dévme yonteminde onemli bir parametre
olan ylzey 6rtme orani, ylizeyin homojenliginde

onemli bir etkiye sahiptir (Avcu Y. Y., 2019).
AA6061 T6 aliminyum alasimi 6 bar basing sabit
tutularak iki farkli ylizey 6rtme oraninda (%100 ve
%200)

numune

dovilmustar. ortme oraninda

daha
kalmaktadir. Tablo 7.’de sabit 6 bar plskiirtme

Yizey
fazla bilyeli dévmeye maruz
basincinda ve iki farkli 6rtme oraninda dovilmis
numunelerin ¢cekme dayanimi, ylizey purtzIGIGgu
ve mikro sertlik degerleri verilmistir. Ylizey 6rtme
orani arttikca cekme dayanimi ve sertlik degerleri
ylzey
gozlenmektedir. Dovilmemis halde 86 HV olan

artarken, parizlaliginde diisme
numuneler, sabit 6 bar puskiirtme basinci ve %100
ortlcllikte S230 bilyelerle doévilduginde %25
sertlik artisi gozlenirken %200 orticilikte ise
%43.6 artis gbzlenmistir. Bilye ¢api artti§inda ise
(S330) bu artis sirasiyla %43.7 den %55.2 vye

cikmistir (Tablo 7).

Tablo 7. Farkl 6rtme oraninda ¢ekme mukavemeti, ylizey plrizlGlGgi ve sertlik 6l¢im sonuglari

o . . . Mikrosertlik
Piiskiirtme Yiizey 6rtme Cekme Yizey
. Uzama L HV
SAE no Basinci orani Mukavemeti Piirtizlalugi o
(%) (Doviilmiig
(bar) (%) (MPa) (Ra) ,
ylzey)
6 100 319.9 16.2 3.23
$230 107.50
6 200 328.0 14.7 3.11 123.50
6 100 324.4 14.7 5.13
5330 123.60
6 200 326.5 13.1 3.88 133.50

Sekil 11’de ise SEM analizi sonuglari yer almaktadir.
Sekil 11.a ve Sekil 11.b incelendiginde ylizey 6rtme
%100’den
deformasyonu belirgin bir sekilde artmistir. S230

orani %200’e c¢ikartildiginda ylizey

celik bilye ile dovilen numunelerde c¢ekme

dayanimindaki artis bu durumu desteklemektedir.

S330’luk buylk capl bilye ile dévilen AA6061 T6

malzemede ortictlik oraninin artmasi c¢ekme

dayaniminda daha dusik artis gerceklesmistir.
Yiizey plrizlGlGghu (Ra) 6rtme oraninin artmasi ile
dismektedir. Sekil 11.c ve Sekil 11.d incelendigine
ylzey 6rtme orani %100 den %200 e cikarildigina
malzeme ylizeyinde dizlesmeler goze
carpmaktadir. Fakat en iyi cekme dayanimi 6 bar
plUskirtme basincinda, kiglik caph bilyede
(5230/0.6mm) ve %200 ortucllik oraninda tespit

edilmistir.
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a) S230-6 bar-2%100

| b)S230-6 bar-%200 :

-

d) S330-6 bar-%200

>
X30 SeoNm

Sekil 11. Bilyeli dovme parametrelerinin SEM analizi
a)S230 bilye-4 bar b) S330 bilye-4 bar c) S230 bilye-6 bar d) S330 bilye-6 bar

3.5. Sonuglar

Bilyeli dovme yontemi ile AA6061 T6 aliiminyum
alasimina S230 ve S330 bilyelerle 4, 6 ve 8 bar

puskiirtme
gerceklestirilmistir.

basinglarinda doévme islemi

Yapilan c¢alisma sonunda

asagidaki sonuclar elde edilmistir.

Bilye capi arttikca numunelerde c¢ekme
mukavemetinde artis, % uzama degerlerinde
ise disme gozlemlenmistir.

Plskirtme basincinin artmasi ile disik bilye
capinda (S230/ 0.6mm) c¢ekme dayanimi %
3.8’e ; buyuk bilye capinda (5330/0.84mm) ise
% 2.72'ye varan artislar tespit edilmistir.
Gekme dayaniminin dévilmemis numuneye
gore en yiksek oldugu degerler; diisik bilye
capinda %100 ylizey Ortme oraninda 8 bar
basingtaki dovme isleminde %3.80, kiiclik bilye
capinda %200 ylizey Ortme oraninda 6 bar
basingtaki doévme isleminde %3.86 artis
gerceklesmistir. Dovme isleminin etkisiyle
%100 ylzey Ortme orani ile tim
parametrelerde ¢ekme dayaniminda %1 ila
%3.8 arasinda artis tespit edilmistir.

Bliylk bilye capinda ve vyiksek puskirtme
basincinda (8bar) c¢ekme dayaniminda bir

miktar disme kaydedilmistir. Bunun
muhtemel sebebinin malzeme ylzeyindeki
mikro catlaklarin olusumundan kaynaklandigi
duslintlmektedir.

Ylzey O6rtme oraninin artmasi (%100’den
%200’e) ile farkh bilye caplarinda yapilan
doévme islemi cekme dayanimini, mikro sertligi
arttirmistir. Yizey parazlalagini ise
azaltmistir. Plskirtme basinci 6 bar basingta
gerceklestirilen  deneylerde  kiicik  bilye
capinda (S230/ 0.6mm) yiizey 6rtlictlik orani
%100'den  %200’e cikartildiginda ¢ekme
dayanimi %2.3, dovilmemis malzemeye gore
ise %3.86 artis goOstermistir. Blylk bilye
capinda (S330/0.84mm) cekme dayanimi %100
ylzey 6rtme orani %200’e ¢ikartildiginda %0.7;
doévilmemis malzemeye gore %3.39 artis
tespit edilmigtir. Blylk bilye g¢apindaki
dayanimdaki artis daha az gerceklesmistir.

Yiizey sertligi, %200 orticiliikte ve kigik bilye
capinda dévilmemis numuneye gore %43.6 ya
kadar artis gosterirken, blyik biye capinda
%55.2 ye kadar ¢ikmaktadir.

Ylzey purizlGaluga her iki bilye capinda da
basincin artmasi ile artis gostermistir. Bilye
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capl arttikca ylzey pUrazlGlGgu artmistir.
Dislik bilye capinda basincin iki kat arttiriimasi
(4 bar’dan 8 bar’a) ile yuzey pirizlaligandeki
artis %63.8 olurken, buylk bilye ¢apinda bu
artis % 47.3 olarak tespit edilmistir.

e Numunelerin SEM goriintileri incelendiginde
bilye capi arttikca plastik deformasyon ve
tepe-cukur olusumunun artisi gozlenmistir.
Pisklrtme basinci arttikca ylizeyde olusan
tepe-cukur olusumlari daha belirgin hale
gelmistir. Ortiicilik orani arttikca numune
ylzeyinde sertligin artmasi ve purizIlGlGgin
dismesi ile daha dizgin bir vyapi
gozlenmektedir. Bu daha o&nce vyapilmis
literatlir calismalariyla uyum gostermistir.
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0z
Gogus kanseri diinya genelinde kadinlarda en ¢ok karsilagilan kanser tiridir. Glinlimizde her kadinin
basina gelebilecek olan goglis kanseri, erkeklerde de gorilebilmektedir. Gogils kanserinde insanlarin
fiziksel ve zihinsel halleri gok etkilidir. Goglis kanserine karsin tedbirli olabilmek igin belirli araliklarla
gogus dokularinin incelenmesi gerekmektedir. Bu dokular, uzmanlar tarafindan incelenmektedir. Ancak
inceleme esnasinda yapilan yanls teshisler tedavi sirecini olumsuz etkilemektedir. Bu sebeple, bu
Sinir Ag1 (YSA); RLBP; dokularin sayisal ortamda islenip incelenmesi daha faydali olmaktadir. Bu ¢alismada, YSA ile gogis
Gogis Kanseri. kanserinin siniflandirmasi yapiimistir. Mamografi gériintiileri (izerinde Déndiiriilmiis Yerel ikili Ortinti
(RLBP) metodu kullanilarak 6znitelikler gikarilmistir. Bu 6znitelikler, parametreleri belirlenmis olan YSA
araciligi ile egitilmistir. Egitim sonucunda iyi ve ko6t huylu olarak siniflandirilan ikili siniflandirmada
%87,82 ve Yagl, Yagli-Glandller ve Yogun-Glandiler olarak siniflandirilan Ggli arka plan doku
siniflandirmasinda %80,95 basari orani elde edilmistir.

Anahtar Kelimeler
Mamogram; Yapay

Examination and Classification of Mammography Images with the RLBP
Method

Abstract

Breast cancer is the most common type of cancer in women worldwide. Breast cancer, which can

happen to every woman, can also be seen in men. The physical and mental state of people is very
important in breast cancer. The breast tissues should be examined at intervals in order to be cautious

Keywords against breast cancer. The breast tissues should be examined periodically in order to be cautious

Mammogram; Artificial
Neural Network (ANN);
RLBP; Breast Cancer.

against breast cancer. These tissues are examined by experts. However, misdiagnoses made during the
examination adversely affect the treatment process. For this reason, it is more beneficial to process and
examine these tissues in digital environment. In this study, classification of breast cancer was made
with ANN. Features were extracted using the Rotated Local Binary Pattern (RLBP) method on
mammography images. These features were trained by ANN whose parameters have been determined.
As a result of the training, a success rate of 87.82% was achieved in the binary classification classified as
benign and malignant, and 80.95% in the triple background tissue classification classified as Fatty, Fatty-
Glandiiler and Dense-Glandiiler.

© Afyon Kocatepe Universitesi
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1. Giris

Kanser c¢agimizin en tehlikeli ve o6lumcil

hastaliklarindan birisidir. Kanserde erken tani,
teshis ve tedavi ciddi 6nem arz etmektedir. Gogls
kanseri ise, kadinlar arasinda ¢ok rastlanan kanser
tipidir. Ancak sadece kadinlarda degil erkeklerin de
gogls kanserine yakalanma ihtimalleri vardir
(Hossfeld 1992, Topuz 2003).

hicrelerde cevresel ve kalitsal nedenlerden dolayi

at al Kanser,
DNA’nin hasar almasi sonucu, hiicrelerin kontrolsiiz
veya anormal bir sekilde biylimesi ve ¢cogalmasidir.
Diinyada genelinde kadinlardaki kansere bagh 6lim
oranlarinda en vyiksek orana sahip olan gogis
kanseridir. Teknolojinin gelismesiyle birlikte erken
tanida eski donemler ile kiyaslandiginda gozle
gorulebilir bir gelisme vardir. Tibbi gorintileme,
bir bozuklugu teshis etmek, izlemek veya tedavi
etmek, insan viicudunu analiz etmek icin kullanilan
belirli teknikleri ifade eder. Bazi arastirmacilar,
icin tibbi
Uretimi ve yorumlanmasina yogun bir sekilde

hastaliklari tanimlamak gorantdlerin
odaklanmaktadir. Yapay zeka tibbi gorintilerin
analizi gibi tibbi alanda rol oynayarak son yillarda
onemli ilerleme kaydetti. Erken teshiste hekim
muayenesi, tibbi

gorlntileme olan gogis

tarafli  mamografi ile
etkin  bir

Mamografi,

ultrasonografisi ve ki

goguslerin  kansere karsl sekilde

incelenmesi  mumkdnddr. erken
teshiste etkin bir metot olarak bilinmektedir (Baldi
et al. 2003, Houssein et al. 2020, Society 2019).
Mamografi dislik miktarda X-ray 1sini kullanarak
gorintileri olusturmaktadir. Basarisini kanitlamis
olan mamografi gorintileri ile g6gls kanserinden
kaynaklanan olim oranlarinin distagu
gozlemlenmistir (Humprey et al. 2009, Kopans and
Feig 1993).

incelendiginde; diinyada her (¢ dakikada bir kadina

Literatirde yer alan bilgiler
go6gls kanseri tanisi konuldugu ifade edilmektedir
(Howlader et al. 2012, Klarenbach et al. 2018).
Mamografi gorintileri incelenerek kanserin hangi
asamada oldugu ve kanserin siddeti (iyi — kotd)
belirlenebilmektedir. Uzmanlarin gorintdileri
incelerken tani koyma esansinda cesitli hatalar
yaptigl ve bu hatalarin tedavi sirecini olumsuz

etkiledigi gorilebilmektedir (Smith et al. 2001).

Mamografideki kitlelerin 6zellikleri, boyutu ve sekli
blyuk 6lctide degisir. Bu nedenle, bircok bilgisayar
teknigi, mamografi gorintilerinde kitlelerin tespiti
icin cok o6lcekli kavramlari kullanmistir.

Brzakovic ve Neskovic, kitle lokalizasyonu igin
bulanik piramit baglantisi 6nerdiler ve konumlarina
gore, goruntinin cesitli ¢ozlinlrlik seviyelerinde
kenar piksellerin yogunluk baglantilarini kullandilar
(Brzakovic and Neskovic 1994). Miller ve Ramsey
Dogrusal olmayan cok olgekli yaklasimi kullanarak,
tarama veri setindeki kotd huylu timorlerini
saptamada %85 dogruluk elde etmistir (Miller and
Ramsey 1996). Chang ve Laine lezyonlari analiz
etmek Gzere kullanilacak gorsel ipuglarini saglamak
ve Ozellikleri arttirmak icin ¢ok boyutlu analiz
prosediriinde tutarlihk ve yonelim ol¢limlerini
kullandilar (Chang and Laine 1999). Petrick ve
arkadaslari 14 adet benign ve 11 adet kotl huylu
vakayl iceren 25 mamografinin bir veri setini
kullanarak kitlelerin tespiti i¢in bir Laplacian-of-
Gaussian kenar dedektori ile birlikte iki asamali bir
adaptif yogunluk agirlikh kontrast gelistirme
filtresinin kullaniimasini bildirdiler (Petrick et al
1996). Calismalarinda Marcano-Cedefio ve ark.
2011'de goglis kanserinin siniflandirilmasi icin YSA
kullanan bir model sundular (Marcano-Cedeno et
al. 2011). Yontemlerini Wisconsin gogus kanseri
veri setinde (WBCD) test ederek geri yayihml ¢ok
katmanli perseptron sinir aglari ile karsilastirdilar.
Bhardwaj ve Tiwari'de 2015 yilinda, WBCD veri
setini kullanarak g6glis kanseri siniflandirma
problemini sinir aglari teknigine dayal olarak
¢6zmek icin bir yontem oOnermislerdir (Bhardwaj
and Tiwari 2015). Mahersia ve ark noro-bulanik ile
yapay sinir agl (YSA) kullanan kitle algilama sistemi
2016). Mias

gorlintl veri seti ile gerceklestirdikleri sistemi

olusturmuslardir (Mahersia et al

kullanarak %97,08’lik yiiksek bir performans elde
ettiklerini ifade etmislerdir. Singh ve Urooj ve Xie
ve ark gogis kanseri tiimorind siniflandirmak igin
asirt makine oOgrenmesi ve dalgacik YSA hibrit
sekilde kullanarak YSA kullanmislardir (Singh and
Urooj 2016, Xie et al. 2016). Goglis kanserinin
siniflandirma icin Mias ve DDSM veri setlerini

kullanmislardir.
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Bu c¢alismanin birinci bolimde goglis kanserinin
6nemi ve daha once yapilan literatlirdeki akademik
calismalardan bahsedilmistir. ikinci bolimiinde
goriintt ozellik cikarimi icin kullanilan yerel ikili
(LBP) ve YSA'nin

aktarilmistir. Calismada kullanilan Mias veri seti de

desenin calisma mantig

detayli sekilde tanitilmistir. Olusturulan YSA ile
Mias veri setinde elde edilen performans yine bu
bélimde verilmistir. Uglincii bélimde ise elde

edilen sonucglarin genel olarak sunulmasi yer

almaktadir.
2. Materyal ve Metot

2.1 Déndiiriilmiis Yerel ikili Oriintii (Rotated Local
Binary Pattern — RLBP)

LBP, her pikselin yerel komsuluk degerlerine dayali
olarak gorintinin piksellerini etiketleyen bir
ozellik ¢ikarma metodudur. Literatire ilk olarak
Ojala ve arkadaslarn tarafindan 1996 vyilinda
girmistir (Ergene et al. 2016). Matematiksel basitligi
ve hizli olmasi nedeniyle olduk¢a tercih
edilmektedir. LBP, ayirt etme gicl, 1siga karsi
duyarsizligl ve hesaplama kolayligi nedeniyle cesitli
uygulamalarda popiler bir yaklasim haline
gelmistir. En Onemli o6zelligi, gri seviyedeki i1sik
degisikliklere dayanikli olmasidir. Buda tanima
yontemlerinde oldukca populer olmasini
saglamaktadir. 3B boyutlu goriinti siniflandirmada,
yliz tanimada, yas belirleme, arka plan modelleme
gibi cesitli kullanim alanlari bulunmaktadir (Ergene
et al. 2016, Ojala et al. 1996, Zahran et al. 2018,
Kaymak et al. 2017). Bir diger onemli ozelligi ise
gercek zamanl calismalarda zorlu gérintileri analiz
etmeyi miumkin kilan hesaplama basitligi
olmasidir. LBPP, R seklinde gosterimi bulunan
yontemde P merkez piksel etrafindan alinacak olan
komsu piksellerin sayisini ve R ise 6rnek sayisini
temsil etmektedir.

Bu metot, merkez pikselin komsu pikseller ile olan
iliskilerine bakilmaktadir. Merkez piksel ve komsu
pikseller arasindaki farklar u(x) birim basamak
fonksiyonu ile etiketlenmektedir. Bu ikili tabandaki
etiketin onluk tabani merkezdeki pikselin yerel

degerini verir. LBP’nin matematiksel formdill

Denklem 1 ve 2’de verilmistir.

LBPp g(xc) = Zf;ol u(xp - xc)2p (2)
1, y=0

u(}’) - {0’ y < 0 (2)

Bu denklemdeki xc: Merkez piksel, xp: Komsu
pikselleri, R: Komsu piksellerin merkez piksele
uzakhigini ve P: isleme sokulan komsu piksel sayisini
verir. Sekil 1’de merkez piksele LBP metodunun
uygulanmasi gosterilmistir. Cikti olarak elde edilen
degerin hesaplanmasinda ikilik taban saat yoniinde
alinmistir.

47|51 65 -23[-19] 5 ofo]o
o [l o sl o o1
80|83 78 10[13] 8 ilafa
Ornek Fark Esik

1214 olofo LBP Teknigi
sl 8| «x Eﬂ_f = 120

64 |32 16 ] a]a]

ikili taban Esik
Sekil 1. LBP’nin matematiksel hesaplanmasinin érnegi
RLBP tekniginde, LBP’deki islemlerin aynisi

uygulanmaktadir. En son ¢ikti olarak elde edilen
ikilik tabandaki sayinin minimum olani bularak
onun segilmesini RLBP saglamaktadir. Yukaridaki
ornekte LBP teknigi ile elde edilen 240 degeri, RLBP
tekniginde ise 15’dir. Yapilan dondirme islemi Sekil
2’de gosterilmistir.

124 111}
128 00 8 X 0 | 1
64 | 32| 16 ofo]o

ikili taban Esik
Sekil 2. RLBP’nin matematiksel hesaplanmasinin 6rnegi

RLBP Teknigi
= 15

Go6gls kanserinin timorld olup olmadiginin (0,1)
siniflandirmasi  icin  veri setinde vyer alan
RLBP

yontemi ile goriintl verileri daha anlamli hale

gorintilere RLBP metodu uygulanmistir.

getirilerek 6z nitelikleri c¢ikartimistir. Calismada

kullanilan  MIAS veri tabanindaki gériintiler
1024x1024 boyutunda olup RLBP yontemi
sonucunda 1024x1 boyutunda bir vektore

donustiridlmektedir.

2.2 Yapay Sinir Aglari (YSA)

Canli vicudunda bir sinir hicresinin yapi olarak

dentrit, govde ve aksonlardan  olustugu
bilinmektedir. Bu yapinin matematiksel olarak
modellenmesi ile  yapay zekd  6grenme
algoritmalarindan yapay sinir aglari meydana

gelmistir. Bir sinir hlicrenin taklit edilmesi ile Yapay
Sinir Hiicresi (YSH) elde edilir. Bir veya daha fazla
yapay sinir hiicresinin paralel olarak kullaniimasi ile
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elde edilen yapiya Yapay Sinir katmani denir. Sekil
3’'te oOrnek bir sinir agl katmani gosterilmistir.
Katmanlarin seri olarak birbirine baglanmasindan
da YSA denir.
viicudunda go6zlemlenen sinir aginin kiguk bir

olusan vyapiya Boylece canl

parcasi modellenmis olur.

K] \\‘\,“‘3&? “/“ 1

CROOSIL - X5

IO\~ K .vlt'/

KO R L% 0

RO~ 72X

NG O
=<

[
Kﬁi’ i Gizli Kﬁ""’
atmam Kalmalllal‘ atmani

Sekil 3. Yapay sinir ag1 6rnek gosterimi

Bir YSH'de Sekil 3’e gore calisma parametrelerine
uygun istenilen miktarda giris kullanilabilir. Gévde
olarak bir adet  Aktivasyon Fonksiyonu
bulunmaktadir. Aktivasyon fonksiyonu bu YSH'nin,
ona verilen degerleri uygulamaya aldigi bir
matematiksel fonksiyondur. Bu fonksiyondan elde
edilen sonug YSH'nin ¢ikis degeridir. Boylece gercek
bir hiicredeki aksonda modellenmis olur.

Girislere verilen veri dizisi, her birine ait olan
agirhkla  carpilarak  toplam  fonksiyonlarina
gonderilir. Bu fonksiyonlardan elde edilen degerler
aktivasyon fonksiyonlarina génderilir. Buradan elde
edilen sonuglar ¢ikis degerleri dizisini olusturur.
Aktivasyon  fonksiyonu, slrekli ve tirevi
belirlenebilen herhangi bir F fonksiyonu olabilir.
Hataya bagh olarak agirliklarin giincellenmesi igin
geriye vyaylllm yontemiyle hesap yapilirken
aktivasyonu fonksiyonunun tiirevi alinir olmasi
gerekir. YSA da bircok calisma incelendiginde lineer
ve sigmoid fonksiyonlarin kullanildigr karsimiza
cikmaktadir. Calismada kullanilan YSA giris, cikis ve
3 gizli katmana sahiptir.

Bir YSA’nin kullanilabilmesi icin once sistemin

egitilmesi, sonra performansinin olcllerek yeterli
egitimin saglanip saglanmadiginin test edilmesi

gerekir. ilk asamada giris ve cikis icin kullanilacak

verilerin  tir ve adetlerinin  belirlenmesi,
kullanilacak ornek verilerin toplanmasi gerekir. Elde
edilen veriler YSA egitiminde kullanmak i¢in uygun
durumlarda

olmayabilirler. Bu gibi verilerin,

normalizasyon, 0Ozellik c¢ikarimi  gibi  cesitli

islemlerden gecirilerek kullanima uygun hale
getirilmeleri gerekmektedir. Sonraki asamalarda
verilerin

egitim ve test i¢in  kullanilacak

ayristirlmast ~ ®nemlidir.  Ornekler  arasindan
secilecek egitim ve test verilerinin secim asamalari
degerlendirme acgisindan o6nemlidir. Daha sonra
egitimin ve testin gerceklestirilmesi asamasina
gecilebilir. Yeterli basarinin elde edilmesi ile
hazirlanan YSA, uygulamalarda kullanima hazir hale

gelmektedir (Cengiz et al. 2021).

2.3 Mias Veri Tabani

Bu calismada, Mamografik Goriinti Analiz Dernegi
(MIAS)  veri
gorintileri Uzerinde incelemeler yapilmistir. Veri
tabaninda  toplamda 322 adet  gorintd
bulunmaktadir. Bu gorintililer 1024x1024 piksel
boyutundadirlar.

tabanindan alinan  mamogram

Kullanilan verilerde arka plan

(vagh(Y),
glandiiler(YoG)) ve anormalligin siddeti (iyi huylu ya

dokusuna yagh-glandiler(YG), yogun-
da kotd huylu) gibi cesitli 6zelliklerin etiketlenmesi
2004).

Sekil 4’ te yagh-glandiler (a), yagh (b) ve yogun-

verilmistir (Maaenpaaa and Pietikaainen

glandiiler (c) doku ozellikleri verilmistir.

(a) (b) (c)

Sekil 4. Yagli-glandiiler (a), Yagh (b) ve Yogun-glandiiler

(c) mamografik goéruntiler

iyi huylu (a) ve Kétii huylu (b) kist gorintileri Sekil
5’te verilmistir.
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(a) (b)
Sekil 5. lyi huylu (a) ve Kéti huylu (b) mamografik

goruntuler

2.4 Uygulama Sonuglari

Mamografi goriintilerinin YSA’da kullanilmasi igin
ilk dnce ozniteliklerinin c¢ikarilarak giris ve cikis veri
setinin dizenlenmesi gerekir. RLBP yontemi ile veri
tabaninda vyer alan gorintilerin  6znitelikleri
cikartilmistir. 1024x1 boyutunda olan bu 6z nitelik
vektorli YSA modeline giris olarak verilmistir. YSA
farkl

siniflandirma yapilmistir. Bunlardan birincisi gogus

modelinin ¢ikisinda ise ki kategoride
kanseri timorinin iyi huylu veya koti huylu olup
olmadiginin siniflandirilmasidir. Diger siniflandirma
kategorisi ise arka plan dokusuna gore (yagl, yagl-
glandiler ve yogun-glandiler) yapilan
siniflandirmadir. YSA modelinde sirasiyla toplam
gorintilerin yaklasik %85’i egitim ve %15’i test
olacak sekilde ayrilmistir. Bu asamadan sonra
Matlab

islemi icin

egitim icin YSA modeli olusturulur.

ortaminda gergeklestirilen egitim
sirasiyla 9, 5 ve 3 noérona sahip 3 gizli katman
kullanilarak ~ model  olusturulmustur.  Egitim
isleminin ardindan test veri seti ile test islemi
gerceklestirilerek  YSA’'nin ¢alisma performansi
gozlemlenmistir. Tablo 1’de yapilan ¢alismanin

sonuglari verilmistir.

Tablo 1. iki farkh tip siniflandirmanin basari sonuglari.

i-K Huylu Y-YG-YoG
Siniflandirmasi  Siniflandirmasi
Veri Sayisi 115 322
D.ogru tahmm 101 260
edilen veri sayisi
Y'anll§ tahmln 14 62
edilen veri sayisi
Basari Orani (%) 87,82 80,95

3. Sonuglar

Yapilan bu calismada RLBP metodu kullanilarak
mamografi gorintilerin Oznitelikleri c¢ikariimistir.
Cikarilan 0Oznitelikler, yapay sinir aglarina giris
olarak verilmistir. MIAS veri setinde toplamda 322
gorintl verisi bulunmaktadir. Bu verilerin %85’i
(280 adet veri) YSA egitimi icin kullaniimis olup
%15’i (42 adet veri)
kullaniimistir.

ise test

doku
siniflandirmasinda (Yagh, Yagl-Glandiler, Yogun-
Glandiler) %80,95’lik bir basari elde edilmistir.
Kullanilan veri setinde iyi huylu — ko6t huylu kist

geriye kalan

asamasinda Yapilan

siniflandirmasinda 115 adet veri bulunmaktadir. Bu
verilerden 100 tanesi egitim icin kalan 15 tanesi ise
test icin kullanilmistir. Yapilan iyi — kotd huylu
%87,82’lik bir sonuc¢ elde
edilmistir. Bilgisayar teknolojileri ile elde edilen bu

siniflandirmada ise

basari  oranlart  mamografi  goérintilerindeki
olusumun fark edilmesinde ve iyi — kotd huylu
olmasinin belirlenmesinde saglik personellerine

yardimci olacagi distinilmektedir.
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Oz

Bu calisma, fotovoltaik (FV) sistem tarafindan uretilen glclin, Ug¢ fazh alternatif akim (AA) glg
sebekesine maksimum verimle iki asamada kontrol edilerek aktariimasini incelemektedir. Tasarlanan FV
sistemi ile gili¢ kararliigini saglamak igin kaynaktan yiksek verimle alinan enerjinin maksimum gii¢
noktasi izleme (MGNT) yontemi kullanilarak aga aktarilmasi amaglanmaktadir. Ayrica ikinci bir kontrol
mekanizmasi ile evirici gikisindaki akim anlik olarak kontrol edilmekte ve Uretilen glictin gerilim degeri
sabit tutulmaktadir. Bu kontrol sistemi sayesinde giines enerjisi, elektrik enerjisi tiretiminden elektrik
sebekesine aktariimasina kadar kontrol altinda tutulmustur. Uretilen giiciin kalitesinin tahmin
edilebilmesi igin bilgisayar ortaminda yapilan similasyonlar sonucunda FV sistem cikisindaki akimin
toplam harmonik bozulma (THB) orani belirlenmistir. Simile edilen FV sisteminin, farkh giines 1sinim
seviyeleri degerlerine gére, sebekeye aktarilacak giiclin voltaj degerini istenilen seviyede sabit tutma
egiliminde oldugu ve maksimum gii¢ Uretimi sirasinda THB degerinin yizde Uglin altina distraldigi
gorilmektedir.

Two-Stage Three-Phase Grid-Tied Photovoltaic System with MPPT

Method

Keywords
Photovoltaic System;
Renewable Energy
Sources; Maximum
Power Point Tracking;
DC-DC Converter; DC-
AC Inverter; Power
Grid

Abstract

This paper examines the transfer of the power generated by the photovoltaic (PV) system to the three-
phase alternating current (AC) power grid with maximum efficiency by controlling in two stages. With
the designed PV system, it is aimed to transfer the energy received from the source with high efficiency
to the network by using the maximum power point tracking (MPPT) method in order to ensure power
stability. In addition, with a second control mechanism, the current at the output of the inverter is
instantly controlled and the voltage value of the generated power is kept constant. Thanks to this
control system, solar energy has been kept under control from electrical energy generation to its
transfer to the power grid. In order to predict the quality of the generated power, the total harmonic
distortion (THD) rate of the current at the output of the PV system was determined as a result of the
simulations made in the computer environment. It is seen that the simulated PV system, according to
the values of different solar radiation levels, tends to keep the voltage value of the power to be
transferred to the grid constant at the desired level and that the THD value has been reduced below
three percent at the time of maximum power generation.
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1. Introduction

Today, the increasing demand for energy and the
decrease of fossil fuels directs humanity to use
renewable energy resources (RES) more effectively.
By extending the use of resources such as solar
energy, wind energy and hydroelectric energy we
can obtain electrical energy without spending a
resource and the harmful effects of power plants
or nuclear power plants that use fossil fuels during
energy production are avoided (Libo et al., 2007;
Durusu et al., 2020).

While wind and hydroelectric energy have had a
large installed capacity among renewable energy
sources in the last decade, in recent years, PV
systems continue to increase their capacity
increase year by year, with the effect of easy
installation and low maintenance costs, as well as
government incentives (Bllabjerg et al., 2006).
According to Irena data, as of 2020, the total
installed PV power in the world is 707,494 MW

(Irena data).

In addition, as a result of the global warming,
which has increased its effect in recent years, the
increase of the radiation effect all over the world
makes the use of solar energy much more
important (Trenberth et al., 2009).

PV systems can basically be considered as two
main groups. The first of these are standalone
systems, which are suitable for individual use. In
these systems, a battery or battery group stores
the energy absorbed during the day and feeds the
loads connected to the system when necessary.
The other is grid-connected PV systems that
transfer the energy absorbed by the panels directly
to the power grid (Isen et al., 2021).

In both types of PV systems, the voltage value at
the output of the PV panel will vary continuously
with the effect of weather conditions and non-
linear loads in the system. Feeding the battery for
standalone systems with this unregulated voltage
will reduce the life of the battery (Gelen et al.,
2019) and will also cause synchronization problems
to the grid. If this

in systems connected

synchronization problem is not resolved, it may
lead to unstable behavior and even failure in the
power grid (Rekik et al., 2015).

Power electronic circuits have a critical importance
in PV systems in order to regulate the voltage at
the panel output and to operate the system stably
(Libo et al., 2007). In addition, the V-I curve of the
PV system can be created by considering the panel
characteristics according to the estimated data of
solar irradiance level and temperature (Kumar et
al., 2018). An algorithm called Maximum Power
Point Tracking (MPPT), which will switch the power
electronics circuit, will always try to reach the peak
point of the V-l curve so the transferred power be
maximum at any time.

In order to increase the efficiency of PV systems,
many MPPT methods have been presented in the
literature. Apart from traditional methods such as
perturbation and observation (P&O), incremental
conductance (IC) (Putri et al.,2015), there are also
new intelligent MPPT methods such as optimum
gradient control (Gui et al., 2012), fuzzy logic
controller (Prasad et al.,2017; Algarin et al., 2017),
type-2 fuzzy logic controller (Kececioglu et al.,
2020), neural networks (Messalti et al., 2017).
(Cetin et al., 2018) presents a different perspective
with this study, by controlling the inverter instead
of the converter, unlike other methods. According
to the literature, P&0O method and IC method are
frequently used in solar energy systems due to
their success, easy application and affordable
prices. Although they have not reached as high
efficiency as the new intelligent control methods,
they are still advantageous and valid methods in
many ways (Bendib et al., 2015).

In this study, it is aimed to design a solar power
plant with a total rated power of 100 kW while
working at full capacity. In this case, it is aimed to
keep the solar energy harvested by the selected
number of solar cells at the desired voltage value
with the direct current-direct current (DC-DC)
converter controlled by the MPPT method. This
voltage value determined according to cell
parameters enables the designed system to
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produce maximum power for variable solar
radiation levels. A second control method is a pulse
width modulation (PWM) loop that modulates the
current at the DC-AC inverter output. Thus, it
allows the generated energy to be transferred to
the power grid in a synchronous manner by
keeping the DC bus voltage constant. The parallel
operation of these two separate control systems

constitutes a two-stage cycle.

2. Materials and Method
2.1 Photovoltaic Model

Photovoltaic (PV) system is a structure formed by
many solar cells. Solar cells can convert the light
falling on it directly into electrical energy with the
help of a circuit. It is possible to increase the
voltage values by connecting the modules formed
by the solar cells in series. These series modules
can be called as PV-strings. Also, by combining PV-
strings in parallel, PV-arrays can be created by
increasing the current value while keeping the
voltage value constant. Thus, it is possible to
increase the nominal power of the PV system to
the desired level (Qun et al, 2008; Hussaini et al.,
2017).

PV-array

PV-string

PV-module

PV-cell string

Bypass CHHHHHHH
diode S5 1515 PV-cell

Figure 1. Pv-array (Psarros et al.,2015)

As seen in Fig.1, the total voltage value of the
series can be calculated by summing the voltage
values of the modules connected in series.
Therefore, the required number of modules can be
determined for this system, which is designed with
a nominal power of 100 kW. It is possible to
determine the characteristic V-l curve for a single
PV-module used in the design with the help of
some parameters. It is possible to calculate the
power by using the determined voltage and current

values. The voltage value corresponding to the

maximum power point (MPP) can be determined
the V-P
calculation. The voltage value corresponding to the

from curve defined according to
peak value of the created V-P graph, in other
words, the voltage value corresponding to the
maximum power value that will operate with the
highest efficiency of the system is the value at
which the system aims to work constantly. The
MPPT algorithm will control this value in small time
intervals and try to keep it at the desired level
instantly.
Rs
—WWV .
Idl T sh — 1 T
IL CD SZ\"d Rsh v

+ -

Figure 2. The equivalent circuit of a solar cell
I'=1,—14g—=Va/Rsn (1)
Vo=V —-IR; (2)

qVa
(3]
0=l [exp N 3)
q(V +1Ry)

=1 —1 — -1 4
L—1Io [exp( KT (4)

Where [ is output current (A), V is output voltage
(V), 1 is average current through diode (A), V; is
the voltage across the diode (V), I, is light
generated current (A), I, is diode saturation
current (A), Ry, is shunt resistance of the cell, R, is
the series resistance of the cell, n is diode ideality
factor, k is Boltzmann’s constant = 1.3806e-23 J/K,
q is Electron charge = 1.6022e-19 C, T is cell
temperature (K).

In the circuit diagram shown in Fig. 2, the current
source indicated as I, represents the solar cell.
Using Eq. (1), the current generated by PV cell can
be calculate. When Eq. (1) is expressed again using
terms in Eq. (2) and (3) current corresponding to
the voltage values of the power absorbed from the
cell and transferred to the output diode can be
calculating by using Eq. (4). Thus, a V-l plot can be
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obtained for the solar cell's output. Using the
obtained current and voltage value, the V-P graph
is created to determine the MPP.

Table 1. Model Parameters

Module Parameters Values
Light-generated current (IL) 7.8645 A
Diode saturation current (10) 2.9273e-10A
Diode ideality factor 0.98119V
Shunt resistance Rsh 313.0553 ohm
Series resistance Rs 0.39381 ohm
Table 2. Module Data
Module Data Values
Maximum Power 213.15W
Cells per module (Ncell) 60
Voltage at maximum power point (Vmp) 29V
Current at maximum power point (Imp) 7.35A
Open circuit voltage (Voc) 36.3V
Short circuit current (Isc) 7.84 A
Temperature coefficent of Voc (%/deg.C) -0.36099
Temperature coefficent of Isn (%/deg.C) 0.102
Temperature of cell (Tcell) 25 deg.C
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Figure 3. V-l and V-P characteristic curves of a solar
module at 25 deg.C temperature and 1000 W /
m A 2 irradiance level

The V-P curve obtained by using the module
parameters in Table I. can be seen in Fig. 3. The
voltage and current values for MPP, which is the
point where this curve reaches its peak value, have
been determined as 29 V and 7.35 A. Thus, the

power of a module that will operate under 1000 W
/ m 2 2 irradiance level and 25 ° C temperature has
been determined as 213.15 W. Also, the MPP for
different temperature values are determined in Fig
4. When the system is aimed to have a total power
of 100 kW and the temperature determined for the
system designed in this paper is 25 ° C so it will be
sufficient to use 23 parallel strings consisting of 20
parallel modules each. Therefore, the voltage value
for MPP of the PV-array is determined as 580 V.
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Figure 4. V-l and V-P characteristic curves of a solar
module at 25 deg.C temperature and 1000 W /
m A 2 irradiance level

2.2 MPPT Method

MPPT system periodically receives output voltage
and current data from the PV module. Thus, the
power data calculated by the P&O algorithm is
compared with the previous measurement. As it is
stated in the flowchart in Fig 5. the new value of
voltage changes according to the increases or
decreases of the previous power and voltage
values. For values below the MPP value, the output
voltage is increased and this process go on until the
new power reaches the MPP. If the MPP point is
exceeded, the perturbation will work in reverse
and try to reach the MPP in the same way. Thus,
the MPPT algorithm consist of all possibilities for
changes in voltage and power values and they all
end up with reaching to MPP.
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Figure 5. Flowchart of P&O algorithm
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MPPT system periodically receives output voltage
and current data from the PV module. Thus, the
power data calculated by the P&O algorithm is
compared with the previous measurement. As it is
stated in the flowchart in Fig 5. the new valued of
voltage changes according to the increases or
decreases of the previous power and voltage
values. For values below the MPP value, the output
voltage is increased and this process goes on until
the new power reaches the MPP. If the MPP point
is exceeded, the perturbation will work in reverse
and try to reach the MPP in the same way. Thus,
the MPPT algorithm consists of all possibilities for
changes in voltage and power values and they all
end up with reaching to MPP.

PV-array | |v/o DC-DC DC-AC Lg'r'l';y
v
J
PWM
Vo| |lo
MPPT
]

Figure 6. Block diagram of the PV system with MPPT
algorithm

2.3 DC-DC Boost Converter

DC-DC boost converters are power electronic
circuits that step up the DC voltage to desired
higher level. As can be seen in Fig.7, the boost
diode,
capacitor and semiconductor device for switching

converter circuit consists of inductor,

operation. By electronically switching the DC
voltage from the source at certain intervals, the
output voltage can be regularly increased to the
desired level by changing the current direction
between the inductor and the capacitor. In this
paper, insulated gate bipolar transistor (IGBT) is
used as the switching device and the switching
duty cycle is determined by the MPPT algorithm. If
it is necessary to decrease the voltage level to
reach MPP, the algorithm decreases the duty cycle,
if the voltage level is to be increased, the duty cycle
is increased. The duty cycle obtained by the
algorithm is converted into a PWM signal by
modulating it with a switching frequency of 5000
Hz.

I o
S
Vs J C LOAD | y

Figure 7. Boost converter circuit diagram (Kumar et al.,
2017)

As a
inductance and capacitance values required for the

result, it is possible to determine the
inductor and capacitor of a boost converter with an
input voltage of 580 V and an output voltage of 800
V.

Vs
_ D(1—-D)?R (6)

min — #
(7)

CZR@v, v

Where V, is output voltage, I} is input voltage, D
is duty ratio, f is switching frequency, AV, /V, is
voltage ripple ratio. The output resistant (R) can be

69



MPPT Yéntemi ile iki Asamali U¢ Fazli Sebeke Baglantili Fotovoltaik Sistem, Dayioglu vd.

Vo? . . .
express as % since there is no directly connected

load in the output of the boost converter.
Minimum inductance value for continuous current
and minimum capacitance value to limit the
required voltage ripple percentage can determine
from Egs. (6) And (7) (Hart, 2010).

In order to reduce the fluctuation in output
current, 0.1 mH selected for the inductance. For
the capacitor, the minimum capacitance value is
calculated as approximately 18 mF. With the boost
converter circuit working in coordination with the
designed MPPT algorithm, the power received
from the PV system is transferred to the DC - AC
inverter in order to be transmitted to the

alternating current grid with maximum efficiency.

2.4 DC-AC Inverter

DC-AC inverters are used to transfer the DC power
generated in the PV system to the AC power grid.
As shown in Fig.8, three-phase grid-tied DC-AC
inverter consist of two capacitors at the DC side
and six power switches with six diodes connected
them at the AC side (Erfidan et al., 2008).

The current converted to AC by the inverter must
ensure synchronization before it is transferred to
the grid. Therefore, a phase locked loop (PLL)
method detects the phase angle of the grid
voltage. Also, the output current of the inverter
compares with the reference current. This error
generates control a signal with help of a
proportional-integral (PI) controller. This signal
transform from a dqgo rotating reference to a three-
phase (abc) signal with the help of angular position
of rotating frame mentioned before. The obtained
three-phase signal modulate to PMW signal to
provide switching signal for IGBT power switches of

the DC-AC inverter (Phap et al., 2017).

[T

de

[

Figure 8. Three-phase inverter circuit diagram (Gha_ni et
al., 2010).

The fundamental problem of nonlinear power
electronic systems such as inverters in connecting
to the grid is harmonic distortion (HD). As a result
of connecting systems with regular fluctuations
such as PV to the grid, deterioration in energy
quality occurs due to the stress applied to the
power in the grid. Therefore, this problem can be
reduced by filtering the generated powers before
they are transferred to the grid. In this paper, a L-
filter, which is a passive element, was placed
between the inverter output and each phase to
reduce HD. It is very important for the stability of
the power systems to keep the THD ratio of the
power under control and to ensure that it is as low
as possible. It is possible to determine the
inductance of the L filter to be used for this study.

L= 0.1U% (8)
a 27TfP1—phase

The inductance of the L filter was calculated as 1.4
mH, based on the value calculated using Eq. (6).
Thanks to this filter added to the system, THD was
reduced and the stability that started with the
power generation in the PV system was maintained
during the transfer of the generated power to the
network (Giler et al., 2019).

3. Results

Grid-connected PV system prepared in MATLAB &
Simulink environment is shown in Figure 9. During
the simulation, the cell temperature was fixed at
25 ° C. In addition, solar radiation data from the
PVGIS-SARAH database created by the Photovoltaic
Geographical Information System (PVGIS) were
used during the simulation. As seen in Figure 10,
the daily radiation value of clear sky for one day
from July 2019 for Afyonkarahisar province in
Turkey varies between 0 and 1000 W / m » 2.
These two signals applied for 24 seconds to
represent a day constitute the inputs of the PV
panel system.
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Figure 9. Grid tied PV system Simulink model.
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Figure 10. Daily irradiance graph of a province.

According to PVGIS-SARAH data in a 24-hour
period, one-day radiation level for the province of
Afyonkarahisar for the month of July (Huld et al.,
2012).
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Figure 11. Simulation results, a: Daily radiation level, b:

PV voltage, c: PV current, d: Transferred

power from PV, e: DC bus voltage, f: 3-phase

l =] | [ L L

S-4'heos LARY Lt

AC grid voltage, g: 3-phase current transferred
to the grid, h: Power transferred from inverter
to grid.
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Figure 12. THD (%) value for current represent to grid.

Fig.11 (a) represents the data of the radiation
level used in the simulation. Fig. 11 (b) refers to the
voltage of the energy absorbed by the PV system
according to the MPPT algorithm. Fig.11 (c) refers
the current transferred from PV system. It is
possible to reduce the fluctuation in the current by
increasing the value of the inductance used in the
converter. Fig.11 (d) refers to the power generated
frow the PV-array. Although the power value
chance with the radiation level as expected, the PV
system can produce up to 100 kW of power at
maximum capacity. Fig.11 (e) represent the voltage
level of DC busbar. Since the capacitor in the DC
bus is empty at the beginning and the radiation
level is 0, the PV system has been fed from the
grid. Later, by increasing the radiation the DC bus
voltage in reached the reference voltage 600V and
kept constant. Fig.11 (f) represent the grid voltage
which 310 V peak value and 50 Hz frequency.
Fig.11 (g) represent the current which transferred
to grid. Fig.11 (h) represent the total active power
transferred to grid. Fig.12 refers the THD value of
the transferred current. As seen in the figure, the
total distortion is below 5% at the 5-15 seconds
time interval when the power generation is high.
When the power generation reaches the highest
value, THD declined to 2.197%. This refers to the
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quality of the power transferred from the designed
system to the network.

4. Discussion and Conclusion

In this paper, the connection of the PV system to
the three-phase grid and the control methods
consisting of two stages are presented. It has been
determined that an MPPT control algorithm to be
added to the PV system greatly increases the
efficiency of the system, so that the power
generation is at the highest level for each radiation
level. Also, with the help of a current-controlled
inverter, the synchronization problems during
connection to the grid were overcome by keeping
the output current constant. In addition, the HDs
generated by the use of power electronics systems
was reduced with the help of a filter. As can be
observed from the simulation outputs, the two-
stage PV system can both use solar energy
efficiently in power generation and transfer it to
the 3-phase grid without having synchronism
problems. In this context, although the proposed
PV system is open to development and
improvement, it can still be actively used in
projects due to its being economical, having the
advantages of RESs and its very stable operation.
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Anahtar Kelimeler Oz
Reaksiyon hizi; TALYS;

astrofiizksel S-
faktor;EXFOR;NON-
SMOKER

112Sn(ot, '\{)nsTe reaksiyonunun reaksiyon hizlari hesaplanmistir. Hesaplamalar igin TALYS

Calismamizda
1.95 kodlari kullaniimistir. Ek olarak, disiuk enerjili bolgelerde bir reaksiyon olasiligini agiklayan
astrofiziksel S faktorleri elde edildi. Hesaplamalarimizin sonuglari, EXFOR veri tabanindan alinan

deneysel verilere goére kontrol edildi.

Calculation of Astrophysical S-factors and reaction rates for reaction
1125n(a’ 'Y) 116-|-e

Abstract

In our study, the reaction rates of

Keywords
Reaction rates;
TALYS;astrophysical S-
factors;EXFOR;NON-
SMOKER

112 116.

Sn(a, y)"" Te reaction were calculated. TALYS 1.95 codes were used
for calculations. In addition, astrophysical S-factors were obtained that explain the probability of a
reaction in low-energy regions. The results of our calculations were checked according to experimental

data from the EXFOR database.

Afyon Kocatepe Universitesi
1. Introduction

Photonuclear reactions play an important role in
many different subfields of nuclear astrophysics,
and particularly for nucleosynthesis applications.
The solar abundance of most of the nuclei heavier
than iron is explained by the slow and rapid
neutron capture processes known as the s and r
processes, respectively (Utsonomiya et al. 2006).

By calculating the reaction rate and astrophysical S-
26 (a,, v)*®Te reaction, it is possible
to estimate the reaction cross-sections for low

factor of the

energy zones.
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2. Material ve Metod

Cross-section values, which are of great
importance for understanding a reaction, may not
be obtained, especially in the low energy zones.
Using the Astrophysical S-factor for these regions

will be useful for understanding the reaction.
The astrophysical S-factor is defined as
S(E)=0(E).E.exp(2mrn) (1)

where, n is the Sommerfeld parameter, (Z,Z,e%)/hv.
The astrophysical S-factor is especially helpful in
low energy regions. Empirical measurements of o
(E) are often not available in measuring these
energies (Yildiz and Aydin 2006). The astrophysical
S-factor has been investigated theoretically and
practically by different authors and contributed to
the literature (Yakovlev et al. 2010, Dubovichenko
2012, Dohet-Eraly et al. 2016, Goncharov 2018,
Bysritsky et al. 2013, Ozdogan et al. 2019).

Thermonuclear reaction formula can be expressed
ineq. (1)

NA(owT =NA[8/xm (kT })1? [F & (E)Eexp(—E/T) dE (2)

where N, is Avagadro’s number, m is reduced mass
and E is centre-of-mass energy, and T indicates
temperature of the environment for the reaction
(Santos et al. 2000).

Experimental studies required for nuclear reactions
are not always possible in terms of both material
and possibilities. It is not always possible to obtain
and use reactants. In such cases, it is advantageous
to make theoretical experiments or to make half-
experimental calculations with various simulation
programs.

For cases where experimental studies cannot be
carried out, it is thought that theoretical studies
such as we do will contribute.

EXFOR

EXFOR data library is a comprehensive collection
of experimental nuclear reaction data, stored and
reused.

TALYS (Nuclear Reaction Code)

The TALYS 1.95 (Koning et al. 2017) nuclear code
program determines all reaction mechanisms,
reaction channels and all observable possibilities
using nuclear models. In the simulation reactions
created in this program, it can operate in the
energy region of 1 keV -1 GeV with n, p, d, t, 3He,

a particles and y beams as bullet particles
NON-SMOKER

NON-SMOKER (Rauscher and Thielemann 2000) is a
computer code using the Hauser-Fesbach Model
that theoretically calculates cross section values.

3. Results
100
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1
2
< 0l
12}
g
2 001
5 . ® 1964, D.EKhulelidze+
g o ® 2007, N.Ozkan+
1E-3 u 2008, W.Rapp+
= . 2015, L.Netterdon+
|E-4 L] TALYS 1.95
. NON-SMOKER
1E-5 4 . : . . : |
5 10 15 20

Incident Alpha Energy(MeV)

112 116

Figure 1. Cross-section values of the ““Sn (a, y) Te

reaction

Fig. 1, calculated cross-section values of the
112 116

Sn(a, y)" Te reaction are shown together with
available experimental data. As it can be seen from
Fig. 1, experimental cross section values are
compatible with the those of Ref.(Khulelidze et al.
1965),(Ozkan et al. 2007) and, (Rapp et al. 2008)
,(Netterdon et al. 2015) values in the range of 10-
12.5 MeV. The values of Ref. (Khulelidze et al.
1965) and TALYS 1.95 are almost the same in the
range of 13-20 MeV. TALYS 1.95 and NON-SMOKER
values are in great similarity in low energy region
(9-12 MeV). NON-SMOKER data has a peak around
15 MeV incident alpha energy.
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Figure 2. Astrophysical S-factor values of the

25n(a, y)llGTe reaction according to alpha energy

If the astrophysical S-factor values are examined in
Figure 2, it gives concordant results. Especially in
the 13-19 MeV range, (Khulelidze et al. 1965) and
TALYS 1.95 values are in remarkable harmony.
There is a similar fit in NON-SMOKER. However,
similar harmony is not seen in (Netterdon et al.
2015). Using the astrophysical S-factor, the cross-
section in the low energy region can be calculated
by various fit processes.

P
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Figure 3. Thermonuclear reaction rates for

y)lleTe reaction

Sn(a,

The thermonuclear reaction rate curves show the
expected behaviour as a function of temperature
and mass. TALYS 1.95 reaction rates and NON-
SMOKER values are compatible.

4. Discussion and Conclusion

It is thought that using such code programs will be
very useful in understanding nuclear reactions. It is
assumed that it will contribute to the development
of programs such as TALYS 1.95 with the increase
of experimental studies.

It is thought that the reaction rate calculations will
contribute to various estimation and extrapolation
studies, especially because it depends on the cross
section values. Reaction rate values treated for a
reaction allow us to interpret and evaluate the
influence cross-section and astrophysical S-factors
and Gamow Window. In addition in the low energy
region where experimental data is difficult to
obtain, it should be stated that experimental
studies should be carried out.
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0z
Anahtar kelimeler Nikleer tipta kritikiorganlarln aldigi doz, vi{cut icine yerlestirilen radyoizotoplar nedeniyle 6nem.
kazanmaktadir. Tibbi uygulamalar, genel popiilasyonun radyasyona maruz kalmasinin ana nedenleri
Monte Carlo arasindadir. Bu uygulamalarda, Bilgisayarli Tomografi (BT) taramalari birincil kaynak olurken, niikleer tip
Néikleer Tip ise ikinci en biyiik kaynaktir. Niikleer tip prosediirlerinin kullanimina iliskin olarak verilmesi gereken
Radyasyon bilingli kararlar, sogurulan radyasyon dozunun ve iliskili risklerin daha iyi anlasiimasini gerektirir. Bu

Doz ¢alismada Monte Carlo merkezli NCINM (Nukleer Tip igin Ulusal Kanser Enstitiisi Dozimetri Sistemi)
kodu yardimiyla 0, 1, 5, 10 ve 15 yasindaki erkek gocuklarin tiroit bezine iyot radyoizotopu, |-131
yerlestirildiginde tiroit bezi, timls ve lenf bezlerinin absorbe edilen dozunun degisimi arastiriimistir.

Change in Body Dose of I-131 Radioisotope in Boys by Age
Abstract

In nuclear medicine, the dose received by the critical organs becomes important due to the
radioisotopes placed inside the body. Medical applications are among the main causes of radiation
exposure to the general population. In these applications, Computed Tomography (CT) scans are the
primary source, while nuclear medicine is the second largest. The informed decisions that must be
made regarding the use of nuclear medicine procedures require a better understanding of the absorbed
radiation dose and the associated risks. In this study, when iodine radioisotope 1-131 inserted into the
thyroid gland of boys aged 0, 1, 5, 10 and 15, change of the absorbed dose of the thyroid gland, thymus
and lymph nodes was investigated by the Monte Carlo based NCINM (National Cancer Institute
Dosimetry System for Nuclear Medicine) code.

Keywords
Monte Carlo
Nuclear Medicine
Radiation
Dose

Afyon Kocatepe Universitesi

1. Introduction

In nuclear medicine applications, imaging of

organs, evaluation functions and
treatment of damaged organs, albeit limited, can

be provided by means of radioactive substances

of organ

that are given to the patient's body and emit low-
dose radiation (Smith 1984). In nuclear medicine

procedures, in which radioactive nuclei with short
half-lives are generally preferred, gamma rays
emitted from the radioactive nucleus are collected
with the help of a gamma camera and transferred
to the computer to obtain visual information about
the desired region.
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In nuclear medicine, which is mostly for diagnostic
imaging, it is an important issue to determine
which organs the radiation emitted by the
radiopharmaceutical applied to the patient will
affect and the total radiation risk for the patient
(Toohey et al. 2000). Because it is desired that the
radiation dose to be given to the suspected organ
should not cause damage to other healthy tissues
and organs. Since this information cannot be
determined by clinical measurements in practice, it
is calculated using computer-generated body-like
models. These models may be mathematical
models developed in the 1970s, in which organ and
tissue volumes are represented by simple
geometric shapes, or they may be tomographic
models developed in the late 1990s and based on

real body images.

The Monte Carlo technique was first used in the
design of atomic weapons in the 1940s and has
been accepted as a successful tool for applications
where the interactions of radiation with material
are studied (Andreo 1991). The method is widely
used today where physical measurements are
either very difficult or impossible, and it is a
modeling technique that tries to describe an event
or experiment numerically using various statistical
techniques in general. In modeling the interactions
of radiation with the material medium, this method
determines the properties of the particles carrying
the radiation energy, such as energy, position,
flight direction and flight distance, using random
numbers and appropriate probability distributions.
Thus, the physical interaction types that the
particles moving in the medium will undergo, the
amount of energy to be lost in each interaction, the
scattering. angles etc. tries to guess. As a result, the
amount of radiation dose to be released in
predefined volumes is calculated.

Radioactive iodine therapy is a method that has
been successfully applied for almost 50 years in the
treatment of goiter diseases, which are defined as
hyperthyroidism and cause high thyroid gland
hormone levels in the blood. Radioactive iodine,
which is given orally as a capsule or liquid, is
absorbed from the digestive system, and collected
in the thyroid gland cells, and the radiation it emits

stops the growth and activity of thyroid cells. The
function of the overactive thyroid gland returns to
normal or unwanted thyroid tissues are destroyed.
While radioactive iodine is excreted from the body
mostly through the urine, some of it is excreted
with saliva, sweat, and feces. The ones that are not
excreted also disappear after a while, and there is
no more radioisotope in your body between 10
days and 1 month. Residence time in the body is
shorter at low doses and longer at higher doses.
Radioactive iodine treatment is usually given on an
outpatient basis to patients with hyperthyroidism,
and hospitalization is required in some special
cases. In some kinds of cancers of the thyroid
gland, radioactive iodine therapy is also used for
the destruction of thyroid gland residues left
behind after thyroid gland surgery and for the
treatment of the spread of thyroid cancers in the
body. The dose of radioactive iodine varies
according to the kind of thyroid cancer.

In this study, Monte Carlo simulation studies were
performed by placing 1-131 radioisotope in the
thyroid in a newborn, 1-, 5-, 10-, and 15-years old
boy phantom. The doses received by the thyroid
gland, thymus, and lymph nodes were calculated
via the NCINM code.

2. Material and Method

The absorbed radiation dose of any tissue of the
organ cannot be directly measured or calculated
without exposure. Some of the physical quantities
related with radiation, such as air kerma or fluency,
are converted to the absorbed organ dose using
radiation dose coefficients (ICRP 1987, ICRP 1996,
ICRP 2000). In calculations of the dose coefficients,
computational phantoms are often combined with
a Monte Carlo based computer simulation code. In
the earliest forms of the phantoms, the contours of
the body and organs were defined by mathematical
1996).
Although, these phantoms offered flexibility for

equations or shapes (Eckerman et al

modification, were far from anatomically realistic.
The next generation of voxel (volume element) or
tomographic phantom was created from medical
images, mostly CT or MR images, and provide very
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realistic anatomical similarity (Xu 2014). However,
due to the limitations of voxels, changing phantom
and organ sizes, shapes, and positions is time-
consuming. The latest generation of phantoms is
known as hybrid phantoms that combine the
advantages of both stylized and voxel phantoms
and are both flexible and anatomically realistic (Xu
2014).

NCINM code is based on the widely accepted MIRD
formalism (Loevinger et al. 1991). This code was
developed in three steps:

e First, calculations of a comprehensive library of
specific absorbed fractions (SAFs) for multiple
combinations of source and target sites in a set
of computational phantoms (both pediatric and
adult) combined with a MCNP code.

e Second, derivation of a S values library from
SAFs and nuclear decay data from ICRP report
(ICRP 2008).

e Finally, a GUl-based user-friendly code was
compiled to facilitate the dosimetry process.

The code will give following outputs:

i. Absorbed doses and absorbed doses
Absorbed doses and absorbed doses per unit
administered activity are calculated for all
target regions in terms of mGy and mGy/MBgq,
Absorbed

administered activity to target region r;, which
D(rr)

o

respectively. does per unit

is also called absorbed dose coefficients,

is calculated using:
2D -, S S(ry 1)
where first term is the cumulated activity per
unit administered activity in source tissue
rs and second term is the S value for regions r;
(source) and ry (target).
ii. Two effective doses
Effective doses is calculated based on ICRP 60
(ICRP 1991) and 103 (ICRP 2007) in terms of S,.
iii. Target region mass
iv. Svalues (mGy/MBq.s)
S values are calculated for selected regions r;
(source) and r; (target), selected phantom,

and also selected radionuclide. Besides S

values are displayed on screen and could be
taken as a file in text format.

3. Results

In this study, NCINM code developed by NCI was
used. With the help of this Monte Carlo-based
code, the |-131 radioisotope with an activity of 666
MBg or 18 mCi was placed in the thyroid gland of a
boy phantom of different ages for half an hour.
This selected activity is in the selected range for
Hyperthyroid treatment. The doses taken by the
thyroid gland, thymus, and lymph nodes were
calculated and compared with each other. In Fig. 1,
the input window of the code where the
parameters are entered is given. The phantom
selected in this window belongs to a newborn boy.
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NCidata  ICRP data Source region export? Time (h) Activity (MBq-s)
Kidney RL

Lenses of Eye

NCI Phantom Gender

O Male Female Liver
ung L
Lung R
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O o-y U 7 Lymph Nodes but ET/Th
10-year  15-year  Adult Lymph Nodes Thoracic
uscle

lasal Anterior
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Pituitary Gland
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alivary Glands
kin
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hymus
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ongue
onsils
Radionuclide rabecular Bone Marrow
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131 e Ureters
Administered activity (MBq) Urinary Bladder C
Urinary Bladder W
666
Administered activity (mCi)
18 Export S values (mGy/MBQq-s) Initialize parameters

Figure 1. NCINM code input window.

In Fig. 2, phantoms of boys at different ages (1, 5,
10, 15) are shown. As can be seen in this figure, the
internal organs, bone and tissue structure have a
more realistic appearance compared to the older
phantoms.

O-year O -year  6-year O-year  1-year O S-year  O-year  lyear  5-year O-year  1-year  S5-year

10-year  15-year  Adult Adult  © 10-year  15-year  Adult 10-year O 15-year  Adult

10-year  15-year

Figure 2. Phantom of a boy aged 1, 5, 10 and 15.
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In Fig. 3, the doses taken by the thyroid gland are
given according to age. The same graph is given for
the Thymus in Fig. 4 and the lymph node in Fig. 5.

Thyroid

65740
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Figure 3. The change in the dose of the thyroid gland
according to the age.
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Figure 4. The change in the dose of the thymus
according to the age.

Lymph Node
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Figure 5. The change in the dose of the lymph node
according to the age.

4, Conclusion

reference pediatric computational
in the NCINM code, we
calculated the doses received by the thyroid gland,

Using the
phantoms available

thymus, and lymph nodes via Monte Carlo-based

NCINM
calculated for the [-131 radioisotope with the
activity of 666 MBq (equal to 18 mCi) placed in the
thyroid gland for half an hour for 5 different male

code. Organ dose coefficients were

phantoms (newborn, 1-, 5-, 10- and 15-years old).
The results showed that the absorbed doses of
critical organs were inversely proportional to age
and became highly significant at younger ages. As
expected, the x-ray exposed region geometry plays
an important role in the age-related dependence of
organ doses, followed by effective dose. The data
obtained will be useful to other users using
pediatric reference phantoms for MCNPX based
dose calculation to compare the calculation
process.
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Anahtar kelimeler — — - - — - —— -

Tum radyoterapi islemi sirasinda cekilen Bilgisayarli Tomografi (BT) goriintileri, tedavi portali tasarimi,
BT; . . L ™ .
planlamasi ve hasta pozisyonunun saglanmasi i¢in dnemlidir. Ancak bu BT taramalarinda hastanin aldig
Fantom; doz, planlama doz hesaplamalarina dahil edilmez. Ozellikle adaptif tedavilerde kritik organlarin limit
NCICT; dozlarinin hesaplanmasinda ginlik BT taramalarindan alinan doz ¢ok 6nemli hale gelmektedir. Bu
Monte Carlo ¢alismada, Monte Carlo tekniginin kullanildigi NCICT kodu ile hastalarin bazi kritik organlari olan kalp ve

karacigerin aldig1 dozun hastanin agirli§ina gére degisimi arastirildi.

Variation of the Dose by the Weight of the Patient in CT Scanning

Abstract

Keywords Computed Tomography (CT) images taken during whole radiotherapy procedure is important for
CT; treatment planning, portal design and providing patient position. However, the dose received by the
Phantom; patient in these CT scans are not included in the planning dose calculations. Especially in adaptive
NCICT; treatments, the dose received from daily CT scan becomes very important in calculation of the limit
Monte Carlo doses of critical organs. In this study, with the NCICT code, which use the Monte Carlo technique, the
change of the dose absorbed by some critical organs of the patients, namely the heart and liver,

according to the weight of the patient, was investigated.
© Afyon Kocatepe Universitesi
1. Introduction risks of exposure to radiation; especially, for much

more sensitive pediatric patients (National
Research Council 2006). CT is very important in
pre-treatment planning in cancer patients and in

Computed tomography (CT) is a device for
diagnostic imaging using ionizing radiation. Patients

are exposed to some amount of radiation with the

application of the examination, and radiation dose maintaining the position of the patient throughout

. . . the treatment. However, the dose given by CT
loading occurs in the relevant region or organs of

their bodies. Since the radiation used is ionizing, it before and during the treatment is not taken into
account in the TPS of cancer patients. Therefore,
knowledge of the absorbed dose of the tissues
exposed to Bremsstrahlung x-rays emitted from CT
Although computed tomography is very useful for  scanners for these patients will enable better

patients, there are concerns about the potential conformal treatment planning.

is necessary to know the patient doses and to
optimize the dose image.
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Dose measurements in computed tomography are
possible with the use of certain systems and
devices. However, these procedures are time
consuming and cannot be repeated for every
patient. For this reason, Monte Carlo simulation
techniques, which are a reliable calculation
method, can be used to calculate the radiation

dose.

The calculation method, which used in this study,
adopted by the ICRP to evaluate various dose
descriptors including organ doses for CT patients
using pediatric and adult reference voxel phantoms
and Monte Carlo simulation of x-rays, was
developed by Lee et al. (2015).

2. Materials and Method

The algorithm, which used in calculation of
absorbed dose in NCICT code, is based on the study
of Turner et al. (2010) that CTDI,, can be used as a
normalization factor to account for differences
among CT scanners. The algorithm is explained by
the Eq. (1) and expressions given in Lee et al.

(2015):

z=SE
D(organ, age, gender.spectrum) = E DC(organ, age. gender, spectrum. z) X CTDLyor (1)
=88

Eg. (1) requires two calculations, DC and CTDl,,,
which were expressed in Lee et al. (2015), Reiser et
al. (2004), AAPM (2011) and the CTDI,, could
derive from the Eq. (2).

nCTDIy(make, model, spectrum) % (l X 1) xkop (2)

CTDI,c(make, model, spectrum) =
vol(mal spectrum) Pitch 100

Absorbed organ dose per unit air kerma were
calculated using Monte Carlo-based NCICT for
heart wall and liver for adult male and female
phantoms (variable weight and constant height
(170 cm)). Radiation exposure was simulated by
selecting the predefined chest as the area for the
200 kV voltage and 100 mAs current-time value of
the irradiation geometry. Fig. 1 shows the input
screen used in the calculation and a 170 cm tall
female phantom with different masses.

In CT, a situation that requires control in the
acquisition of images is the application of high
doses and one of the important factors this, the

radiation of healthy tissues and critical organs
(medulla spinalis, kidney, heart, lung). Although
radiation tolerance doses vary greatly depending
organizational state of the
(hierarchical, flexible or hybrid tissues) and the

on the tissue
volume irradiated, they are usually lower than the
doses that should be administered. Therefore, it is
necessary to try to give as few doses as possible
within the target volume.

Age Bodysize Fetus Mother
Age Group

Pediatric O Adult
Gender

Male O Female

Body Size
Height (cm) 170

Weight (kg) 050
Phantom Height Weight Map
Scanner information
Manufacturer GE e
Model Discovery CT HD750 &
© Head filter Body filter
nCTDIW (MGy/100 mAs) 196
Tube potential (kVp) 200
Current x time (mAs) 100
TCM strength
Pitch 1
Total collimation (mm) 10
CTDivol (mGy) 196
Scan Coverage
DLP (mGy-cm) 588
Effective diameter (cm) 253  ScanStart(cm) ScanEnd (cm) ScanLength (cm) Predefined protocol
SSDE (mGy) 138 28 L £ —

Age Bodysize Fetus  Mother
Age Group
Pediatric O Adult
Gender
O Male Female

Body Size

Height (cm) 170
Weight (kg) 050

Phantom Height Weight Map

Scanner information

Manufacturer GE 2]
Model Discovery CTHD750 @

© Head filter Body filter
nCTDIW (MGY/100 mAs) 196
Tube potential (kVp) 200
Current x time (mAs) 100
TCM strength
Pitch 1
Total collimation (mm) 10
CTDIvol (mGy) 196

Scan Coverage

DLP (mGy-cm) 588
Effective diameter (cm) 261  ScanStart(cm) ScanEnd (cm) Scan Length (cm) Predefined protocol
SSDE (mGy) 139 28 & __| —

Figure 1. A 170 cm tall female phantom with different
masses.

3. Calculations

By using both male and female phantoms with
different masses of 170 cm, 200 kV tube voltage,
and 100 mAs current-time parameters were
selected as constant for the pre-defined scanner
and the predefined chest region shots in CT were
simulated via Monte Carlo-based NCICT code.
Organ doses were calculated for the heart wall and
liver, which were determined as critical organs
inside the scanned region. The variation of organ
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doses for the female and male phantoms are given
in Figs. 2 and 3, respectively.

The effective doses obtained in the calculation are
given in Fig. 4 for both female and male phantoms.

Female Phantom

Figure 2. Variation of organ doses by mass for female
phantoms of different masses.

Male Phantom

Figure 3. Variation of organ doses by mass for male
phantoms of different masses.

Effective Dose

Effect
-
o
<

Figure 4. Variation of effective dose by mass for both
male and female phantoms.

4. Conclusion

Both male and female phantoms were used in the
Monte Carlo-based NCICT code to calculate Heart
Wall and Liver organ doses and the effective dose.
Although the organ doses for both phantoms

decrease with increasing mass, there are

irregularities in the values for both the male
phantom and the female phantom when the
effective doses are examined. When the organ and
effective doses are examined, one can see that the
code gives varying results for the male and female
phantom in 55 and 100 kg masses. These obtained
data will be useful for users using ICRP phantoms
for Monte Carlo dose calculation to compare the
calculation process.
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0z
Anahtar kelimeler Hay.z.-.wtta re}dyasyo.n? maruz. kalmanin birgok y.oI}.l vardir. Ozelllkle.tlbbl uygulamalatj, siddetli maruziyetin
Niikleer Tio: en Oonemli sebebidir. Tibbi uygulamalarda Bilgisayarli Tomografi (BT) taramalari ilk sirada yer alirken,
ud eer iy niikleer tip ikinci sirada yer almaktadir. Tabii ki, maruz kalan doku ve dolayisiyla organlar tarafindan
Radyasyon;

emilen doz, sagliga yonelik risklerle dogru orantilidir. Niikleer tipta tedavi amagh viicuda yerlestirilen

Doz; radyoizotoplar nedeniyle sadece timorin bulundugu organ ve/veya dokulara degil, cevredeki diger
NCINM organ ve dokular az miktarda olsa da doz absorbe eder. Bu galismada eriskin fantomlarin (erkek ve disi)
tiroid bezine yerlestirilen iyot radyoizotop 1-131'in aktivitelerine gore tiroid bezi, timis ve lenf bezlerinin
aldig1 dozlardaki degisim Monte Carlo-tabanli NCINM kodu ile aragtiriimistir.

Effect of I-131 Radioisotope Activities on Organ Dose Used in Nuclear

Medicine
Abstract

There are many ways to be exposed to radiation in life. Medical applications, in particular, are the most
important form of severe exposure. In medical applications, Computed Tomography (CT) scans are in

Keywords . . L
Nuclear Medicine; the first place, while nuclear medicine is in the second place. Of course, the dose absorbed by the
Radiation; exposed tissue and therefore the organs is directly proportional to the risks to health. In nuclear
Dose; medicine, due to the radioisotopes placed in the body for therapeutic purposes, some doses are not
NCINM given only to the organ and/or tissues where the tumor is placed, but also to other surrounding organ

and tissues. In this study, the change in the doses received by the thyroid gland, thymus, and lymph
nodes according to the activities of the iodine radioisotope 1-131 placed in the thyroid gland of adult
phantoms (both male and female) were investigated with the Monte Carlo-based code.

Afyon Kocatepe Universitesi

1. Introduction hospitals, and nuclear medicine departments

Nuclear medicine is the use of radioisotopes placed
in the body of patients for the purposes of
diagnosis or treatment of diseases. Recently,
functional imaging is performed in diseases related

to almost every organ system in universities, state

serving in some private centers in our country. The
diagnostic tests performed in all these centers
mentioned above are scintigraphic imaging of the
many organs and diseases, as well as the treatment
of some tumors, especially thyroid diseases.
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The nuclear medicine history goes back to the
introduction of the atomic theory by John Dalton in
the early 1800s, the discovery of X-rays by Wilhelm
Konrad Roentgen in 1895, and the creation of the
cyclotron by Ernest Lawrence in 1928. The most
important step is the discovery of artificial
radioactivity by Marie Curie in 1934, which is
accepted as a milestone. However, many historians
accept as the true beginning of nuclear medicine is
the usage of radioactive iodine to treat toxic goiter
in the 1940s.

Technetium radioisotope, which is still the most
frequently used in nuclear medicine imaging, was
produced artificially in 1937 and its commercial
production, distribution and use started after 1965.
In the following years, nuclear medicine started to
develop rapidly with the discovery of agents used
in liver-spleen and brain imaging.

In nuclear medicine, which was used only for
diagnostic imaging in the beginning, but also for
therapeutic purposes, it is very important to
determine which organs will be affected by the
radiation of the radiopharmaceutical used as an
internal radiation source and the total radiation
risk for the patient (Toohey et al. 2000). Because it
is desired that the dose of radiation to be given
should not cause the slightest damage to other
healthy tissues and organs. The radiation dose to
the body and organs cannot be determined by
clinical measurements but is calculated using body-
in the
computer environment. These phantoms can be

like models called phantoms created

mathematical models developed in the 1970s in
which organ and tissue volumes are represented by
the simplest geometric shapes (rectangular prism,
cylinder, etc.), as well as they may be tomographic
models developed towards the end of the 1990s,
which are very similar to real body images.

The Monte Carlo technique is used as a random
numbers technique and was used in the design of
atomic weapons in the 1940s. It is considered to be
a very successful tool, especially for applications
where the interaction of radiation with material
environments is examined (Andreo et al. 1991) It is
a modeling technique that is commonly used in
situations where physical measurements are either

very difficult or impossible or in the planning phase
of a very large physical experiment, generally trying
to describe an event or experiment numerically
using statistical random numbers. In modeling the
interactions of radiation in the material
environment, it determines the physical properties
and parameters of the particles carrying the
radiation energy, such as energy, position, flight
direction, and flight distance, by using random
numbers and appropriate probability distributions
within the geometry you have created. Then, the
types of physical interactions that the particles
moving in the medium will undergo, the amount of
energy to be lost in each interaction, the scattering
angles, etc. tries to calculate. As a result, the
radiation dose amounts left in the predefined

geometries are calculated.

The use of radioactive iodine is a method that is
successfully applied in the treatment of goiter
diseases, which are defined as hyperthyroidism and
cause thyroid gland hormone elevation in the
blood. In some cancers of the thyroid gland,
radioactive iodine therapy is also used for the
destruction of thyroid gland residues left behind
after thyroid gland surgery and for the treatment
of the spread of thyroid cancers in the body.
Radioactive iodine, injected into the body in
different ways, is absorbed from the digestive
system and collected in the thyroid gland cells. Due
to the radiation, it emits, the growth and activity of
thyroid cells stop, the function of the overactive
thyroid gland returns to normal, or the unwanted
thyroid tissues are destroyed. The rest of the
radioactive iodine is excreted from the body mostly
through the urine, and some of it is excreted with
saliva, sweat, and feces, and there is no more
radioisotope in your body between 10 days and 1
month. The dose of radioactive iodine varies
according to the nature of thyroid cancer.

In this study, Monte Carlo simulation studies were
performed by placing 1-131 radioisotope in the
thyroid in adult female and male phantoms. The
doses received by the thyroid gland, thymus, and
lymph nodes were calculated via NCINM code.
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2. Material and Method

The dose absorbed by the organ is a baseline dose
amount defined by the International Commission
on Radiation Protection (ICRP) as the average
energy delivered to the mass substance (ICRP 1991,
ICRP 2007). The dose absorbed by the organ is not
directly measurable but can be obtained from
measurable quantities such as air kerma or particle
flux via dose conversion coefficients.

Dose conversion coefficients are calculated by
modeling the radiation field of the exposure event
and scoring the energy deposition for the tissues
and organs involved in a human phantom, a
representative model of human anatomy. The
solution of the radiation transport problem is
accomplished by well-characterized Monte Carlo
methods. Computational human phantoms have
developed very rapidly due to the need in the
industry. In the 1980s, first-generation phantoms,
known as stylized phantoms, modeled body and
organ contours with mathematical equations and
thus (Cristy 1980). These
phantoms lacked anatomical realism but could be

geometric shapes

easily modified by changing parameters in

mathematical equations. New  generation
phantoms, also known as voxel phantoms, have
anatomical realism as they are developed using
datasets obtained from tomographic images (Caon
2004). However, voxel phantoms are rigid and
cannot be easily manipulated to account for
anthropometric variations in populations. Hybrid
phantoms, the third and newest generation of
phantoms, have been developed to offer the
flexibility  of  first-generation = mathematical
phantoms as well as the anatomical realism of
voxel phantoms (Xu 2014). This flexibility of hybrid
phantoms allows body sizes to be adjusted to
with  different  body

morphologies (Ding et al. 2012, Geyer et al. 2014).

develop  phantoms

NCINM code is based on the widely accepted MIRD
formalism (ICRP 2008). This code was developed in
three steps:

* First, calculations of a comprehensive library of
specific absorbed fractions (SAFs) for multiple
combinations of source and target sites in a set

of computational phantoms (both pediatric and
adult) combined with a MCNP code.

* Second, derivation of a S values library from
SAFs and nuclear decay data from ICRP report
(ICRP 1991).

* Finally, a GUI-based user-friendly code was
compiled to facilitate the dosimetry process.

The code will give following outputs:

Absorbed doses and absorbed doses: Absorbed

doses and absorbed doses per unit

administered activity are calculated for all
target regions in terms of mGy and mGy/MBq,
Absorbed

administered activity to target region ry, which
D(rr)
A ’

0

respectively. does per unit

is also called absorbed dose coefficients,

is calculated using:

_S(rT < rs)

D(ry) _ A(ry)
AO - ZTS AO

where first term is the cumulated activity per
unit administered activity in source tissue r; and
second term is the S value for regions r, (source)
andry.

Two effective doses: Effective doses s
calculated based on ICRP 60 (1991) and 103
(2007) in terms of S,.

Target region mass

S values: S values are calculated in terms of
mGy/MBaq.s for selected regions r, (source) and
rr (target), selected phantom, and also selected
radionuclide. Besides S values are displayed on
screen and could be taken as a file in text
format.

NCI Phantom Gender NCI Phantom Gender

O Male Female Male O Female

NCI Phantom Age NCI Phantom Age

0-year 1-year 5-year 0-year 1-year 5-year

10-year  15-year © Adult 10-year 15-year © Adult
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Figure 1. Adult female and male phantoms.

3. Results

In this study, Monte Carlo-based NCINM code
developed by NCI was used. The I-131 radioisotope
with different activity was placed in the thyroid
gland of adult female and male phantoms for half
an hour. These selected activities are both for
Hyperthyroid treatment (9, 12, 15 and 18 mCi) and
for Differentiated thyroid cancer treatments (50,
100, 150 and 200 mCi) are in the used range. The

each other. In addition, the specific activity
obtained in accordance with the ICRP-60 and ICRP-
103 reports was also given. Fig. 1 shows the images
of adult phantoms used in the calculations.

In Table 1, the doses taken by the Thyroid gland,
Thymus, and Lymph nodes according to the activity
for the 1-131 radioisotope placed in the thyroid for
both adult male and female phantoms at the end
of the simulation are given in mGy. In addition, in
the same table, the effective dose received by the
phantom is given in mSv in accordance with the

doses taken by the thyroid gland, thymus, and ICRP-60 and ICRP-103 reports.
lymph nodes were calculated and compared with
Table 1. Doses of adult man and woman phantoms according to activity.
Male Female
Effective Doses Effective Doses
Organ Doses (mGy) Organ Doses (mGy)
Activitiy (mSv) (mSv)
(MBa)  [Thyroid Lymph Thyroid Lymph
Thymus ICRP60 | ICRP103 Thymus ICRP60 | ICRP103
gland nodes gland nodes
333 798.5 | 4.416 | 4.518 | 40.17 32.27 952.3 4.414 3.127 48.01 38.55
444 1065 | 5.888 | 6.024 | 53.57 43.03 1270 5.885 4.17 64.01 51.4
555 1331 7.36 7.53 66.96 53.79 1587 7.357 5.212 80.01 64.26
666 1597 | 8.831 | 9.035 | 80.35 64.55 1905 8.828 6.255 96.01 77.11
1850 4436 | 24.53 25.1 223.2 179.3 5291 24.52 17.37 266.7 214.2
3700 8872 | 49.06 | 50.2 | 446.4 358.6 10580 49.05 34.75 533.4 428.4
5550 13310 | 73.6 75.3 669.6 537.9 15870 73.57 52.12 800.1 642.6
7400 17740 | 98.13 | 100.4 | 892.8 717.2 21160 98.09 69.5 1067 856.7
The change in the dose taken by the thyroid gland Thyroid
according to the values given in Table 1 is given s
graphically in Fig. 2 according to both adult male s E
and female phantoms. Similarly, the doses received e B
by the Thymus and lymph node are given in Figs. 3 3 g
and 4, respectively. 51
";—‘1‘:1':'1‘:‘!;'[ I l

Activity (MBq)

Figure 2. The change of the dose received by the thyroid
gland according to the activity.
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Figure 3. The change of the dose received by the thymus
according to the activity.

The effective dose calculated in both male and
female phantoms according to the ICRP-60 and
ICRP-103 references is given according to the
varying activity in Figs. 5 and 6, respectively.

Lymph Nodes
120
®Man = Woman
100
80
3
Q
5 60
§
4
) h
0
333 4 555 666 1850 3700 5550 7400
Activity (MBq)

Figure 4. The change of the dose received by the lymph
node according to the activity.
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Figure 5. Variation of effective dose with activity
according to ICRP-60 reference.
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Figure 6. Variation of effective dose with activity
according to ICRP-103 reference.

4. Conclusion

The doses of the thyroid, thymus, and lymph nodes
were calculated with the help of the Monte Carlo-
based NCINM code, using the reference adult male
and female phantoms available in the NCINM code
developed by NCI. Organ dose coefficients for the
radioisotope 1-131 with a different activity, which
was placed in the thyroid for half an hour, and
effective doses were calculated according to the
ICRP-60 and ICRP-103 references for both adult
male and female phantoms (given in Fig. 1). While
activities of 333, 444, 555, and 666 MBq used in
this study are used in the treatment of
hyperthyroidism, activities of 1850, 3700, 5550,
and 7400 MBq are used in differentiated thyroid
cancer. As can be seen from the graphics, it shows
that more doses are taken in women in treatments
with the same activity. As expected, the irradiation
geometry plays an important role in the
dependence of the organ doses on the body
structure and then on the effective dose. The data
obtained will be useful to other users using ICRP
reference phantoms for Monte Carlo dose

calculation to compare the calculation process.
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Yuksek gerilim elektrik tesislerindeki kablolarda meydana gelen arizalarin biylk bir kismi, kismi bosalma

kaynakli yalitim sorunlarindan olusmaktadir. Bu tiir arizalar, genellikle kablolar Uzerindeki montaj
kusurlarindan, nadir olarak da Gretim hatalarindan kaynaklanmaktadir. Bu ¢alismada, yiiksek ve orta
gerilim sistemlerinde kullanilan ¢apraz bagl polietilen yer alti kablolar (XLPE) tzerindeki kusurlarin
Anahtar kelimeler konumlarinin belirlenmesi amaciyla, bir dizi deneysel ¢alismalar gergeklestirilmistir. Laboratuvar
ortaminda, farkli mesafelerde kusurlari bulunan ayni tiirde XLPE kablo numunelerine ayni orta gerilim

seviyesinde gerilim belirli periyotlarda uygulanmig ve elde edilen kismi bosalma sinyalleri zaman serisi

Kismi bosalma; yiiksek
gerilim; K-NN; ariza

tanilama: olarak dijital ortama kaydedilmistir. Kaydedilen veriler k En Yakin Komsuluklar (k-NN) yontemiyle

siniflandiriimis ve siniflandirma dogruluklari, veri azaltma yontemi ile analiz edilmistir. Veri azaltmadaki
amag, pek c¢ok farkli 6lglim frekansinda modelin dogru siniflandirmalar yapabildigini gézlemlemek ve
daha dusik frekans bandinda galisan cihazlarla yapilacak Olgimlerin dogrulugunu test etmektir.
Sonuglar k-NN yénteminin, kismi bosalma sinyallerinin incelenmesinde ylksek oranda basarili sonuglar
verdigini gostermekte ve verilerin bliylik oranda azaltilmasinin, istatistiksel dznitelikler kullanildiginda,
siniflandirma dogrulugunu etkilemedigini gostermektedir.

Fault Location Detection with k-NN in High Voltage Cables and Effects of
Data Size on Classification

Abstract

In high voltage electrical installations, most of the faults in cables are caused by insulation problems

caused by the partial discharge. Such failures are usually caused by assembly defects on the cables and
rarely by manufacturing defects. In this study, a series of experimental studies were carried out to
determine the locations of defects on cross-linked polyethylene underground cables (XLPE) used in high

Keywords and medium voltage systems. The same medium voltage level was applied to the same type of XLPE -

Partial discharge; high
voltage; K-NN; failure

cable samples with defects at different distances at specific periods in the laboratory environment. The
partial discharge signals obtained were recorded in the digital environment as time series. Recorded
diagnostic; data were classified by the k Nearest Neighborhood (k-NN) method, and classification accuracies were
analyzed by the data reduction method. The purpose of data reduction is to observe that the model can
make accurate classifications at many different measurement frequencies and test the accuracy of the
measurements with devices operating in the lower frequency band. The results show that the k-NN
method gives highly successful results in analyzing partial discharge signals and shows that the
considerable reduction of data does not affect the classification accuracy when statistical features are

utilized.
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1. Giris

Yiiksek ve orta gerilim elektrik sebekelerinde, XLPE
glc kablolari, en yaygin kullanilan kablo tirlerinden
birisidir.

dayanim gibi pek cok faktér, bu kablolari tercih

Elektromanyetik  glvenilirlik, fiziksel
sebebi yapmaktadir. Gliniimizde kablo Uretim
tesisleri, oldukca yliksek verimlilikte kaliteli kablolar
Uretmekte ve Uretim kaynakli kablo arizalarini
minimize etmektedir. Ancak (retim esnasinda
kablo yalitkani Uzerinde olusabilecek kigik bir
bosluk (cizik, kesik gibi kiguk kusurlar) olusmasi
veya kablolarin  tesiste  montaji  sirasinda
yasanabilecek iscilik hatalari, kablolarin kisa vadede
omriuni tiketebilen, daha da dnemlisi can ve mal
kaybina neden olabilecek is kazalarina sebebiyet
veren onemli konulardir. Yalitimlarin, malzemenin
gerilim seviyelerine uygun ve hasar goérmemis,
topraklamalarin  dogru vyapilandiriimis  olmasi
gerekmektedir. Yiksek gerilim mihendisliginde
yalitim koordinasyonu, lizerinde durulmasi gereken
onemli bir husustur. Kismi bosalma (KB) ol¢ciim ve
analizleri, yliksek gerilim techizatinin yalitim
kalitesini belirlemede 6nemli bir dl¢it olarak kabul
edilmektedir. Bu olglimlerin gergeklestiriimesinde,
IEC60270 gibi
belirleyici olmaktadir.

Yiksek gerilim XLPE kablolarinda

olusan

pek c¢ok uluslararasi standart
bosluklarda

kismi  bosalmalarin net bir sekilde
anlasilabilmesi igin iyi bir gdzlem ve 6lcim takibi
(Joseph vd. 2019). Cesitli

yontemlerle, XLPE kablolarin bilgisayar ortaminda

gereklidir nimerik
benzetimi gerceklestiriimekte ve kismi bosalma
olaylari analiz edilmektedir. Analizler ¢evrim ici ve
cevrim disi yontemler kullanilarak
gerceklestirilebilmektedir (Adhikari ve Kalla 2020).
1990 I yillarda 6nerilen yansima zamani farkhliklari
yonteminin Uzerine yillar igerisinde bilim insanlari
tarafindan  c¢esitli  yontemler  gelistirilmistir
(Mashikia vd. 1990). Cavallini vd. (2007) tarafindan
gelistirilen  genlik-frekans haritalamaya dayali
Mardiana ve Su (2010) tarafindan
onerilen faz farkina dayali yontem ve Sheng vd.

yontem,

(2015) tarafindan sunulan darbe yiikselme zamani
ve aktarim fonksiyonu (RTTF) yontemi literatiirde
olarak ele

bulunabilecek yontemlere &rnek

alinabilir.  Bunlarin yani sira ANSYS ve EMTP gibi

yazilimlar yardimiyla da elektromanyetik analizler

gerceklestirilebilmektedir. Analizler basarili
sonuclar verse de, deneysel calismalarla
desteklenmesi ve dogruluklarinin  tartisilmasi

gerekmektedir. Khan vd. (2021), gelismis bir sonlu
eleman tabanh hesaplama algoritmasi kullanilarak
farkl
Onerilen yaklasim, sekil ve boyutlarindan bagimsiz

bosluklar modellemis ve analiz etmistir.

olarak bosluklarda ve bosluklarda KB'yi 6lgmek icin

kullanilmaktadir.  Kismi  bosalma  davranisi,
benzetimi yapilmis KB sinyalinden elde edilen KB
istatistiksel ozellikleri araciligiyla incelenmis ve
analiz edilmistir. Onerilen modelleme yaklasiminin
dogrulugunu dogrulamak icin benzetim yapilmis ve
deneysel sonuclar arasinda karsilastirmali  bir
calisma da yapilmistir.

Pattanadech ve Nimsanong (2014), kismi bosalma
(KB)  siniflandirmasi  icin  dort istatistiksel

siniflandirma modelinin karsilastirmasini

onermislerdir. Bu dort yontem su sekilde
siralanabilir: k-en yakin komsuluklar (k-NN) modeli,
olasiliksal sinir agi (PNN) modeli ve temel bilesen
analizini (PCA) kullanan PCA-KNN ile PCA-PNN
modelidir.

Yiksek frekansli akim trafosu ( HFCT) ve UHF

yontemlerinin  kablo arizalri  tespitinde etkili
olduguda cesitli calismalarla ortaya konulmustur
(Jahangir vd. 2017, Dukanac 2017). UHF

sensorlerinin yer alti kablolarindaki arizalarin tespiti
icin kullanildigi calisma orneklerinde ise, deney
veya cevrimici kosulda yapilan tim testlerden
sonra, kablodaki dogru PD konumunu elde etmek
icin  kirpilmis ortalama veri filtresi teknigi
kullanilarak verilerin analiz edilebilecegi
gosterilmistir (Muslim vd. 2013, Yii vd. 2015).

Donustlricu transformator icin kNN tabanl bir tir
ariza teshis yontemi onerilmistir. DOrt tip yapay
yagh kagit yalitim hatasi tasarlanmis ve KB
icin UHF (Ultra Yuksek
kullanilmistir - (Liu vd. 2013).

Toplanan KB UHF sinyallerinin enerji katsayilarini

sinyallerini toplamak

Frekans) anteni

hesaplamak icin c¢ok Olcekli dalgacik paket
karakteristik

icin kNN algoritmasi

donlisiml  gercgeklestirilmis  ve

parametrelerini tanimak
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BPNN (Geri Sinir  Ag1)
tarafindan taninan KB modu, dnerilen algoritma ile

uygulanmustir. Yayihmli

karsilastirilmis;  bu,  ikincisinin  donustirici
transformatériin ariza teshisi icin daha uygun
oldugunu gosterilmistir. Deneysel olarak elde
edilen veriler ile yapilan calismalarda en biylk
dezavantaj ylksek glirtilti oranidir.

Lan vd. (2019) onerdikleri faz farki yontemini
uygularken kullandiklari veriyi dlstk gtraltali
ortamda elde etmislerdir.

Muhr ve Woschitz (2000), 50 Hz ve 0,IlHz test
geriliminde kablo arizalari igin kismi desarj tespiti
ve lokalizasyonu icgin bir karsilastirma sunmaktadir.
Olgiim sistemi, kablo boyunca PD darbelerinin
karakteristik yayillimi ve zayiflamasi ilkesine gore
calisir. Bu calismada da ayni prensipten vyola
cikilarak elde edilmistir.

Literatlirdeki calismalarla esglidimliu olarak ve
ylksek gerilim mihendisligine kazanim saglayacak
sekilde yapilan bu calismada, deneysel olarak
kablolarda kusurlar meydana getirilmis (2. Bolim)
ve bu kusurlarin konumlarinin belirlenmesinde k-
NN yontemiyle KB verileri siniflandiriimistir (3.
Bolim). Verilerin istatistiksel 6zniteliklerinin ylksek
dogrulukla siniflandirildigi bu teknikte, kullanilan KB
verilerinin boyutu her sefer yariya indirilmis ve
yeniden siniflandirma gergeklestirilmistir. Yapilan
testlerin tim asamalarindaki sonuglar bulgular
kisminda mevcuttur. Elde edilen bulgular, analiz
sonuglari  ve gelecekte vyapilabilecek calisma

onerileri, tartisma ve sonu¢ kisminda sunulmustur.

2. Materyal ve Metot

Numune olarak hazirlanan, Sekil 1'de ¢izimi
50 mm2’lik XLPE gig
kablolarinin, yaklasik 10 kV enerji altinda, kuplaj

yapilarak gosterilen

kondansatorlii sistem ve portatif bir KB 6lcim

cihazi aracihgiyla laboratuvar ortaminda kismi

bosalma  Ol¢cimleri  gergeklestirilmistir.  Esit

uzunlukta ve kesitteki numune XLPE kablolarin iki
farkli konumunda kusur meydana getirilmistir. Bu
kusurlar kusurlarin

montajda  olusabilecek

benzetimi seklinde gerceklestirilmistir. Sirayla
cesitli 6lcimler gerceklestirilerek veri toplanmistir.
Olgiimlerin gerceklestirildigi test diizenegi Sekil

2’de verilmistir. Test geriliminin belirlenmesinde,

KB sinyallerinin belirgin gbzlenmeye basladigi
Gerilim, 1 kV
seviyelerinden yavas yavas artirilarak KB darbeleri

gerilim seviyesi tercih edilmistir.

gozlenmis, 5 kV seviyelerinde KB’ler rassal olarak
gozlenmeye baslamis ve 10 kV gerilimin sinyal
siniflandirma igin yeterli olacagi gorilmastir. Kismi
bosalma sinyallerinin grafiksel gosterimi Sekil 3'te
sunulmustur. Grafik, 6lglimlerin yalnizca kiguk bir
parcasini olusturmaktadir. Grafikteki mavi olan
sinyal, kismi bosalma 6lcimini ifade etmektedir.
Gorilen kiclk darbe gerilimleri, KB darbeleridir.
Yaklasik 300mV tepe gerilimindedir. Uygulanan
10.000 kat

klcultlilmus olarak goriilmektedir. Kablo dayanimi

besleme  gerilimiyse  yaklasik
gozetilen KB testlerinde, kablo gerilim kapasitesinin
lzerinde ylksek gerilimler
Ancak  bu

sinyallerinin siniflandiriimalari ve veri boyutunun

uygulanmasi
gerekmektedir. calismada, KB
bu siniflandirmalara etkisi Gizerinde duruldugundan,
kritik  yuUksekliklerde
edilmemis, kismi bosalmalarin gorilmesi yeterli
daha
seviyelerinde de testi gerceklestirebilme olanagi

gerilim  seviyesi tercih

bulunmustur. Bu da disiik gerilim

saglamistir.

\\ \\\ BAKIR ILETKEN
ﬂ BAKIR ILETKEN

XLPE YALITIM

C YARIILETKEN KATMAN
a
- = - \ [

MANN

l METALIK EKRANLAMA
] PVC DIS KILIF

Sekil 1. Kullanilan XLPE kablo yapisi

Sekil 1. KuIIanllan test dlizenegi
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7T

T o
KB Sinyali
Senkron AC - Olgeklenmis ||

/\
X:7.121e+05
Y:0.378

Gerilim (V)

I I I L L I I I
712 7421 7122 7123 7124 7125 7.126 7.127 7.128

Zaman (x10 ms) x 105

Sekil 3. Laboratuvarda 6l¢iilen KB sinyali (mavi) ve
uygulanan 6l¢eklendirilmis AC gerilimi (yesil).

2.1 Kuplaj kondansatorlii sistem

Zaman serisi olarak verilerin kaydedilmesinde,
IEC60270 standardina uygun sekilde, geleneksel
yontem olarak kabul edilen kuplaj kondansatorli
sistem tercih edilmis, portatif cihaz ile 6lclimlerin
dogrulugu test edilmis ve KB sinyal bilgileri

cesitlendirilmistir. Standart dl¢cim devresi diizenegi

Sekil 4’te sunulmustur.
YG Enduktans

kuplaj
kapasitorl

YG
besleme

—?—

Sekil 4. IEC60270 standardina gére KB 6l¢iim diizenegi.

empedansi

2.2 Kismi bosalma sinyallerinin siniflandiriimasi

Laboratuvarda 6lgllen KB sinyalleri, sayisal veriler

olarak depolandiktan sonra bu verilerden

istatistiksel parametreler ile 06znitelik c¢ikarimi
yapilmistir. Verilerin ham halinde boyutlari oldukca
blyik olmakta ve siniflandirma dogrulugu basarili
olmamaktadir. istatistiksel o6znitelik cikarimi ile
yeni, ¢cok kiguk boyutlu fakat anlamli veriler elde
edilmektedir. Kismi bosalma sinyallerinin
islenmesinde yaygin olarak tercih edilen ortalama,

varyans, standart sapma, kurtosis ve skewness

parametreleri, bu c¢alsmada da Oznitelik

cikariminda kullanilmistir.

2.3 K-NN ile siniflandirma

Siniflandirma yontemlerinden olan k en vyakin
komsuluk (k-NN) yéntemi, mevcut tim durumlarin
saklanacagl ve mesafe olcimi gibi bir benzerlik
kriterine gore yeni bir durumun siniflandirilacagi
parametrik olmayan bir yontemdir. Hedef ve en

yakin komsular arasindaki mesafeyi
degerlendirmek icin, mesafe fonksiyonu
secilmelidir. k-NN siniflandirmasi  icin ~ Oklid
mesafesi, Manhattan  mesafesi, Minkowski

mesafesi veya Hamming mesafesi uygulanabilir. Bu
calismada, Oklid uzakhg fonksiyonu Esitlik 1 olarak
kullanilmistir.

Oklid Mesafesi = \/Z{le(xi —y)* (D

Bu denklemde x giris vektord, y egitim vektori ve k
siniflandirmada kullanilan en yakin komsu sayisidir.
Komsu sayr ve uzakliklarinin gorilebilecegi,
yontemin temsili olarak gosterildigi grafik Sekil 5’te

sunulmustur.

k - En Yakin Komsu

vt
y sinifi
@ <
® .
k=3 .- ®
k=6.. <

Sekil 5. k-NN temsili grafigi.

2.4 Veri azaltma teknigi

Olgiim verileri her bir asamada yariya indirilmistir
ve her asamada azaltilan bu verilerin istatistiksel
Oznitelikleri ¢ikarilmistir. Bu Oznitelikleri varyans,
standart sapma, kurtosis, skewness ve ortalama
getirmektedir.  Adi

deger meydana

istatistiksel parametrelerden olusan matrisler, k-

gegen

NN yonteminde Oznitelik olarak kullaniimistir.
Siniflandirmalar, verilerin azaltilmasiyla olusturulan
Ozniteliklere tekrarlanmistir.

glincel gore
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Baslangicta Olclilen veri sayisi ise, Olgimin alindigi

veri kayit cihazinin frekansina bagl olarak
degismektedir. Veri azaltmanin sonucu olarak,
basarili siniflandirmanin yapilabildigi en az veri,
cihazlarin temininde frekans bandi o6zelligi
acisindan ekonomik boyutlandirma icin fikir
vermektedir.

3. Bulgular

Bu calismada, XLPE kablo (zerinde iki farkli

konumdaki kusurlara ait olan veriler kullanilarak

Cizelge 1. Oznitelik matrisi.

konum siniflandirmasi (ariza konumlama-tanilama)
yapilmistir. Kablonun ilk yarisinda olusturulmus
olan kusur ile 1 numarali sinifa ait veriler elde
edilirken ikinci kusur

yarisinda  olusturulan

sonucunda 2 numarali sinifa ait veriler elde

edilmistir. Istatistiksel parametreler kullanilarak
hazirlanan 6znitelik matrislerinden birine ait 6rnek

Cizelge 1'de sunulmustur.

T Simf 1 Simf 2

Oznitelik Deney 1 Deney2 Deney3 Deney4 DeneyS Deney6 Deneyl Deney2 Deney3 Deney4 DeneyS Deney 6
Ortalama 1,04 1,29 1,38 1,33 0,20 1,82 55,55 58,52 64,05 61,63 62,26 50,35
Standart

sapma 28,38 32,31 34,03 29,78 41,54 35,83 3085,8 34243 4102,06 3797,80 3876,88 2535,04
Varyans 805,2 1044,1 1158,1 886,8 1725,3 1284,0 17,01 11,22 13,94 14,34 11,76 9,75
Kurtosis 45,39 57,49 56,41 41,01 69,46 56,34 1,35 1,40 1,45 1,23 1,20 1,09
Skewness 3,34 3,89 4,08 4,09 431 4,17 3,34 3,89 4,08 4,09 431 4,17

Cizelge 1 ikiye ayrilmistir. ilk béliimde birinci ariza

konumunda vyapilan deneylerden elde edilen
istatistiksel parametreleri, ikinci bolim ikinci ariza
konumunda vyapilan deneylerden elde edilen
istatistiksel parametreleri ifade etmektedir. K-NN
yontemi ile yapilan siniflandirma islemlerine ait
sonuglar

ise Cizelge 2’de verilmistir. Yapilan

analizler kullanilan veri miktarinin siniflandirma
dogrulugu Uzerindeki etkisini ortaya koymaktadir.
Veri sayisinin  belirli bir sayinin altina inmesi
siniflandirma dogrulugunun da diismesine sebep
olmustur. Ayni zamanda dogruluk ylizdesini
arttirmak i¢in kullanilan veri sayisinin sonsuza kadar
arttirlmasinin da anlamh bir yaklasim olmadigl
gorilmektedir. Bu noktada o©nemli olan kismi
bosalma karakteristigini ortaya koyan grafigin elde
edilebilecegi veri sayisidir. Bu nedenle buylk veri
boyutlari ile ugrasmak yerine kismi bosalma
egrisine ait karakteristik ozellikler elde edilerek bu
karakteristigi ortaya koyacak en az sayidaki veri ile
¢alismak hedeflenmelidir. Yapilan bu c¢alismada
%6,25’nin

kullanimi ile yapilan siniflandirmada esit dogruluk

verilerin  %100’Unln kullaniimasi ile

gorilmektedir. Bu durum deneyler sonucunda elde

ettigimiz verilerin %6,25’ inin ariza konumu tespiti
icin yeterligi niteligi karsiladigini géstermektedir.

Cizelge 2. Veri azaltmanin siniflandirma basari
ylizdelerine etkisi.

Konum 111111 222222 Basari
Veri Boyutu Yiizdesi(%)
3040 veri 111111 222222 100
1520 veri 111111 222222 100
760 veri 111111 222222 100
380 veri 111111 222222 100
190 veri 111111 222222 100
95 veri 111121 222221 83
48 veri 111122 212221 67
4. Tartisma ve Sonug¢
Siniflandirma  yontemleriyle, kismi  bosalma

olglimlerini kullanarak yahtim arizasi siniflandirma,

yaygin
tekniklerdendir. Kismi bosalma 6lctimlerinde 6l¢lim

son zamanlarda olarak  kullanilan

slresi, olcim frekansi, bant genisligi gibi etkenler
veri buylkligini etkileyen dnemli parametrelerdir.
Olgim cihazlarinin frekans bandi ve 6rnekleme
sayisi arttikca fiyatlari da oldukga ylkselmektedir.
Veri

boyutlarinin blylmesiyle, veri isleme de

zorlasmakta, harcanan zaman ve efor artis

bilgisayarlara
k-NN
siniflandiriimasi

gostermekte, yiksek hizli ihtiyag

duyulmaktadir. Bu c¢alismada ile  kismi

bosalma verilerinin
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gerceklestirilirken, kullanilan veri sayisi da asamali
olarak seyreltilerek ¢ikistaki dogruluk degerleri
glincellenmistir. Laboratuvar ortaminda kaydedilen
veriler icin k-NN yontemiyle siniflandirma basarili
sonuglar vermektedir. Veriler azaltildik¢a, ¢ok daha
az boyutlu o6lcim  verileriyle de basaril
siniflandirmalar yapilabildigi gorilmistir.

Calismada kismi bosalma verileri, ham veri halinde
siniflandiricida kullaniimamus, istatistiksel
Ozniteliklere dondstlrilmastir. Bu calisma igin veri
boyutu, baslangictaki halinin %1,5 degerine kadar
azaltilmig, %6,25 degerlerinde ise siniflandirma
%100 olarak kalmistir. Bu

ornekleme sikhginda bir cihaz kullanilan cihaza gore

dogrulugu halen
oldukga diisiik maliyetli bir cihaz olacaktir.
Makale c¢alismasi bircok acgidan gelistirmelere

aciktir. Gelecek gcalismalarda, kablo Gzerindeki ariza

konum vyeri sayisi artirilabilir ve siniflandirma
dogrulugu test edilebilir. Veri boyutlari farkl
frekanslarda  Olgllip, azaltarak denenebilir.

istatistiksel 6znitelikler yerine, farkli &znitelikler
cikarilip siniflandirmada  kullanilabilir. En yakin
destek
makineleri gibi farkl yontemlerdeki siniflandirma

komsuluklar  yontemi yerine vektor

basarilari test edilebilir durumdadir.

5. Kaynaklar

Adhikari, N., and Kalla, U. K. (2020). Analysis of Partial
Discharge Measurements in High Voltage XLPE Cable.
In 2020 IEEE 9th Power India
Conference (PIICON) (pp. 1-5). IEEE.

Cavallini, A., Montanar, G.C. and Puletti, F., 2007. A
novel method to locate PD in polymeric cable

International

systems based on amplitude-frequency (AF) map.
IEEE Transactions on Dielectrics and Electrical
Insulation, 14, 3, 726—734.

Dukanac, D. (2018). Application of UHF method for
partial discharge source location in power
transformers. |IEEE Transactions on Dielectrics and
Electrical Insulation, 25(6), 2266-2278.

Jahangir, H., Akbari, A., Werle, P., and Szczechowski, J.
(2017). UHF

transformers-advantages and

PD measurements on power

limitations.  IEEE
Transactions on Dielectrics and Electrical Insulation,
24(6), 3933-3940.

Joseph, J., Mohan, S. and Krishnan, S.T., 2019. Numerical
modelling, simulation and experimental validation of

partial discharge in cross-linked polyethylene cables.

IET Science, Measurement and Technology, 13, 2,
309-317.

Khan, Q., Refaat, S.S., Abu-Rub, H., Toliyat, H.A., Olesz,
M. and Darwish, A., 2021. Characterization of
Defects Inside the Cable Dielectric With Partial

Modeling.  IEEE
Instrumentation and Measurement, 70, 1-11.

Lan, S., Hu, Y.Q. and Kuo, C.C., 2019. Partial discharge
location of power cables based on an improved

Discharge Transactions  on

phase difference method. IEEE Transactions on
Dielectrics and Electrical Insulation, 26, 5, 1612 —
1619.

Liu, F., Zhang, Y., Yao, X., Peng, Q., Nie, H., Li, J. and
Zhou, Q., 2013. Recognition of PD mode based on
KNN algorithm for converter transformer. Dianli
Zidonghua  Shebei/Electric
Equipment, 33,5, 89-93.

Mardiana, R. and Su, C.Q., 2010. Partial discharge
location in power cables using a phase difference

Power Automation

method. [EEE Transactions on Dielectrics and
Electrical Insulation, 17, 6, 1738-1746.

Mashikian, M.S., Bansal, R. and Northrop, R.B., 1990.
Location and characterization of partial discharge
sites in shielded power cables. IEEE Transaction
Power Delivery, 5, 2, 833-839.

Muhr, M. and Woschitz, R., 2000. Partial discharge
diagnostic. Proceedings of the 6th International
Conference on Properties and Applications of
Dielectric Materials, 1, 223-226.

Muslim, J., Susilo, A., Nishigouchi, K., Kozako, M., Hikita,
M., Arief, Y. Z., and Khayam, U. (2013, September).
Enhanced bowtie UHF antenna for detecting partial
discharge in gas insulated substation. In 2013 48th
International  Universities' Power
Conference (UPEC) (pp. 1-5). IEEE.

Pattanadech, N. and Nimsanong, P., 2014. Effect of
noise signals on partial discharge classification
models. TENCON 2014 - 2014 IEEE Region 10
Conference, 1-5.

Sheng, B., Zhou, C., Hepburn, D.M., Dong, X., Peers, G.,
Zhou, W. and Tang, Z., 2015. A novel on-line cable pd
localisation method based on cable transfer function

Engineering

and detected pd pulse rise-time. IEEE Transactions
on Dielectrics and Electrical Insulation, 22, 4, 2087—
2096.

Yii, C. C., Rohani, M. N. K. H., Isa, M., Hassan, S. I. S.,
Ismail, B., and Hussin, N. (2015, December). Multi-
end partial discharge location algorithm based on
trimmed mean data filtering technique for MV
underground cable. In 2015 IEEE Student Conference
on Research and Development (SCOReD) (pp. 345-
350). IEEE.

98



Afyon Kocatepe Universitesi Uluslararasi Mithendislik Teknolojileri ve Uygulamali

Bilimler Dergisi

Afyon Kocatepe University International Journal of Engineering
Technology and Applied Sciences

AKU IJETAS Cilt 4(2) (2021) Aralik (99-106 s) AKU J.Eng.App.Sci. Vol 4(2) (2021) December (99-106pp)

Derleme Makale / ReviewArticle
e-ISSN 2667-4165 (https.//dergipark.org.tr/akuumubd

Kalp Krizi ve Alternatif Tedaviler

Selcan KOCAMAN®, Mine DOSAY AKBULUT?

"Nurse and PhD Student in Afyon Kocatepe Uni. Veterinary Faculty, Department of Medical Biology and Genetics,
Afyonkarahisar.Tiirkiye

? Afyon Kocatepe University, Faculty of Veterinary, Department of Medical Biology and Genetics, Afyonkarahisar.
Tiirkiye

e-mail: sese07 @hotmail.com ORCIDID:http://orcid.org/0000-0002-2138-0589

e-mail: minedosay@aku.edu.tr ORCID ID: http://orcid.org/0000-0001-6571-7852

The arrival date: 30.09.2021 ; Date of Acceptance:06.11.2021
0z
Kalp krizi, diinyada ve ulkemizde en sik goriilen kardiyovaskiiler hastaliklardan birisi olup, Gzerinde
deneysel tedavilerin en ¢ok uygulama imkani buldugu hastaliklar arasindadir.Miyokard enfarktiist veya

koroner tromboz olarak da bilinir.Kas iskemiye ugrar ve oksijenden yoksun kalir, miyokard islevini yerine
getiremez ve kalp krizi meydana gelir.Kullanilan medikal ve cerrahi tedavinin pahali olmasi, riskli olmasi,
dlsuk ve orta gelirli hastalar igin ulasilabilirliginin zor olmasi, insanlarin dogal yéntemlere olan

Anahtar Kelimeler giliveninin artmasi gibi faktérler nedeniyle hastalarin alternatif tedavilere yaklasimlari son zamanlarda
Kalp Krizi; Alternatif

Tedavi(TAT),
Onlem;

artmistir.Diinyada ve Ulkemizde kalp krizi tedavisinde farkli yontemler bulunsa da klasik medikal ve
cerrahi tedavi ile birlikte 6zellikle Cin ve Hindistan gibi bircok ilkede alternatif tedavi arastirmalari
yogun olarak artmistir. Alternatif tedaviler arasinda 6zellikle Cin basta olmak Uzere birgok ulkede
sarimsak, yesil cay, mabet agaci, meyan koki, karanfil, zencefil, sari kantaron, nar suyu ve kizilcik suyu;
kan sulandirici, kolesterol dustricl, hipertansiyon Onleyici, ateroskleroz &nleyici olarak
kullaniilmaktadir. Konvansiyonel tedavilerin yetersiz kaldigi durumlarda ve doktor kontroliinde
tamamlayici alternatif tedavi yontemlerinin kullanilabilecegi sonucuna variimistir.

Heart Attack and Alternative Treatments

Abstract

Heart attack is one of the most common cardiovascular diseases in the world and in our country, and it

is among the diseases in which the most research is done on experimental treatments.Also known as
myocardial infarction or coronary thrombosis.When a part of the heart muscle undergoes ischemia and
is deprived of oxygen, the myocardium cannot perform its function and a heart attack occurs. Patients'
approach to alternative treatments has increased due to factors such as the expensiveness of the

HI:::‘Z':;; medical and surgical treatment used, the risky, the difficult accessibility for low and middle-income
Alternative patients, and the greater confidence of people in natural methods. Although there are different methods
Therapy(CAM); in the treatment of heart attack in the world and in our country, research on alternative treatment has
Prevention; increased in many countries such as China and India, along with classical medical and surgical

treatment. Among the alternative treatments, especially in many countries, especially in China, garlic,
green tea, temple tree, licorice, cloves, ginger, St. John's Wort, pomegranate juice and cranberry juice
are used as blood thinners, cholesterol-lowering, anti-hypertension, anti-atherosclerosis in the
treatment of heart attack. It has been concluded that complementary alternative treatment methods
can be used in cases where conventional treatments are insufficient and under the control of a doctor.
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1. Introduction

Heart attack is a heart disease with the highest
morbidity and mortality rate among cardiovascular
diseases and is very common in today's societies. It
is also known as myocardial infarction and
coronary thrombosis. The heart is a powerful organ
that pumps blood an average of 60-80 times per
minute during rest.lt needs to be able to work on
its own with the whole body and to feed itself for
the continuity of this work.These self-feeding
vessels are called coronary arteries.(llhan, 2016).If
a deterioration occurs in these vessels, what we
call ischemia occurs and the heart muscle, namely
myocardium, cannot be fed adequately. And in this
case, what we call myocardial infarction, that is, a
heart attack occurs. Coronary insufficiency tables
vary according to the type, degree and location of
the stenosis in the coronary vessels. In some
patients, there may be chest pain that occurs only
during physical activity and is relieved by rest, as
well as a heart attack (infarction) that sometimes
develops as a result of sudden occlusion of the
vessels and can lead to sudden death, starting with

severe chest pain (IntKayn. 1).

A heart attack usually has typical symptoms that
manifest itself in the form of a pressing and
compressive pain in the middle of the chest,
radiating from the chest to the neck, spreading to
the chin ears and arms, and especially numbness in
the left arm and two little fingers (Sentirk, 2008).
In humans, many factors such as age, obesity,
genetic predisposition, alcohol and cigarette use,
malnutrition, etc., form the basis for heart attack
and many similar cardiovascular diseases and
trigger disease formation.

However, among the important risk factors of
heart attack can be counted as; Vascular diseases
or heart diseases such as atherosclerosis, a
previous heart attack, any rhythm disorder or faint,
age (over 40 in men, over 50 in women), smoking,
excessive alcohol consumption, some illegal drugs
and derivatives; high levels of triglycerides, high
bad cholesterol and low good cholesterol content,
diabetes, high blood pressure, and chronic high

stres (Jensen et.all. 1991).The diagnosis of heart
attack is made by the symptoms seen in the
patient, the patient's history, physical examination,
EKG and blood tests (Sentiirk, 2008).

Every year, approximately 18 million people die
due to cardiovascular diseases and other diseases it
causes. When the causes of death worldwide are
examined, it has been determined that
cardiovascular diseases are the number one cause

of death in 2019.

It is seen that most of these death rates are in
middle-income countries such as Central Asian and
Eastern European countries and some low-income
countries. Heart attack is one of the diseases with
the highest
(IntKayn.2). According to the worldwide research
statistics of the World Health Organization, the
number of deaths from cardiovascular diseases is

mortality and morbidity rates

expected to reach 23 million in 2030. According to
the same report, 18 million people die every year
due to heart diseases. According to the report of
the American Heart Association, an increase of
approximately 46% in heart failure is expected
from 2012 to 2030; In 2030, it is predicted that
more than 8 million people aged 18 and over in the
USA (with 5,8 million in 2011) will have heart
failure (Bestepe et. all.2020).it is understood that
this estimated increase has triggered further

research on heart attacks.Losses due to
cardiovascular diseases in Turkey are equivalent to
30% of all deaths, and this rate represents half of
the deaths from cance(Coskun et.all.2009).31% of
deaths in the world are due to cardiovascular
diseases, and 85% of them are caused by heart
attack and stroke. When we look at the 2018
Turkey data, 36.7% of the deaths are caused by
cardiovascular system diseases, 39.1% of them are
due to ischemic heart disease and 22.2% are due to
cerebrovascular diseases (T.R. Ministry of Health,
2019).

Considering all these data and evaluations, it is
heart disease and

seen that coronary

cerebrovascular disease are the most common
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causes of death among cardiovascular system
diseases.

In addition, even though the deaths due to
cardiovascular system diseases have decreased
over the years, it is still seen that it is the most
important cause of death both in the whole world
and in Turkey, and the complications related to
these diseases are increasing(Turk et. all. 2021).
Considering the deaths caused by cardiovascular
system disease, 36% of them are premature deaths
occurring before the age of 75. In terms of chronic
heart disease, cerebrovascular disease and
peripheral arterial disease, atherosclerosis was
found to be responsible for 71% of all deaths in
1997. When looking at the 35-45 age range in men,
the incidence rate is 7% per year, while this rate
rises to 68% at the age of 85-95. In women, the
difference decreases as the age progresses, but if
you look at the 10 years later, it is seen that the

frequency increases at similar rates (Islegen, 2007).

Many factors such as the increase in education
level, increase in income levels, change in dietary
habits and controlling infectious diseases in our
country and throughout the world have led to an
increase in life expectancy. The prolongation of the
average life expectancy has significantly increased
the percentage of individuals aged 65 and over in
the general population in both developed and
developing countries, and the calculations show
that 20% of the world population will be 65 years
and over in 2050 (Geng and Yigitbas 2021). Among
the alternative treatments, such as garlic, green
tea, temple tree, licorice root, clove, ginger, St.
John's Wort, pomegranate juice and cranberry
juice, which are mainly preferred in many
countries, especially in China, in the treatment of
heart attacks, blood thinners, cholesterol lowering,
antihypertensive herbal treatment sources used as
a preventative against atherosclerosis. Despite all
the developing opportunities, most of the patients
reach thehealth

institution.Therefore, people should be informed

die before they can even

about heart diseases, heart attack and its

symptoms and should be directed to apply to the
nearest health institution as soon as the symptoms
are felt. Patients with heart attack symptoms apply

to the emergency room, and treatment begins
quickly.Oxygen support is provided by measuring
the person's blood oxygen value. People with high
pain can be benefited from various painkillers
(Daskapan,2013). The main purpose of treatment;
It is the removal and opening of the blockage in the
vessels feeding the heart and the immediate
restoration of blood flow to that area. Tissue
oxygenation is restored and myocardial function is
restored. For this purpose, aspirin is given to
remove blood clotting (blood thinner-anticoagulant
therapy), nitroglycerin and oxygen therapy to
relieve chest pain and improve blood flow.

2.CAM  (Complementary @ And  Alternative

Treatments)

In addition to all these medical treatments, as
mentioned before, the tendency to alternative
treatments has increased rapidly due to factors
such as easier economic opportunities, accessibility
for patients and their relatives, and the fact that
natural methods create a more reliable impression
With this;
alternative medicine terms are generallygathered

on people. Complementary and
under one title and evaluated as a whole.
Alternative medicine is defined as any health
service that replaces medical treatments and is not
included in modern biomedicine or
treatments(Dombekciet.all.2020).Complementary

medicine, on the other hand, is defined as the
treatment and care systems applied in addition to
(Ceyhan and Yigit 2016).
According to the definition made by the United
Health,

“Complementary and alternative medicine; It is a

medical treatment

Nations National Institute of
broad field of health that encompasses all health
services, methods, practices and accompanying
theories and beliefs outside the politically
dominant health system in a particular society or
culture at a given time (Karayagiz and Oztiirk

2008).

In other words, many definitions can be made
about concepts such as complementary therapy,
which are shaped by the culture, value judgments
and beliefs of the society we live in. Traditional
Medicine, or in other words, folk medicine, aims to
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evaluate the information to be obtained from the
religious beliefs, socio-cultural values and other
elements of the culture of the society in which it is
transmitted from generation to generation and to
use it in the treatment of diseases (Sutcl, 2018;
Ersoy, 2014). A holistic approach to the concepts of
health and
complementary alternative therapies. Observation,

disease is the essence of
trial and error, and the use of data obtained in this
way as treatment have been transferred from each
generation to the next and not only contributed to
medical science, but also used as alternative
treatment (Ersoy, 2014).The basis of alternative
and complementary therapy applications is based
on Chinese and Ayurvedic medicine treatments,
and it has developed in many areas towards the
end of the 19th century.The United States
established alternative medicine offices within the
national health institutes in 1993 and expanded its
powers in 1998. It changed its name to the national
center for alternative and complementary
medicine (IntKayn.3). The purpose of this center; It
is stated as to examine the reliability and
effectiveness of complementary and alternative
medicine applications and to ensure the
participation of scientifically proven practices in

traditional treatments(Karayagiz and Oztiirk 2008).

However, when we summarize the factors that
direct people to alternative treatments, the
following stands out;

*effective and high reliability

*The patient has a feeling that he can control the
treatment

*does not include invasive methods
* therapists spend more time with the patient

*besides
depressed

being accepted easily and getting

* fear of side effects of applied medical treatments
*insecurity
*The patient has no hope of recovery.

(Ceyhanand Yigit2016)

In general, the most common and most preferred

complementary and alternative medical
treatments from the past to the present; It covers
ancient  approaches such as  Ayurveda,
Acupuncture, Traditional Anatolian Folk Medicine,
Herbalism and Yoga, and new approaches such as
Oxygen Therapy, Ozone Therapy, Detoxification
Therapy, Aromatherapy, Homeopathy, Dietary
Support, Electromagnetic Fields, Massage, Reiki,
Bioenergy and Hypnosis (IntKayn.4). Ayurveda
treatment, which is the most preferred and widely
used in countries such as China and India, is one of
the oldest treatment methods (X century BC). It
literally means 'science of wellness' and originates

from the mystical philosophy of the Hindu religion.

It is widely practiced in Nepal, Sri Lanka and
Bangladesh. It is accepted as focusing on healthy
life instead of preventing the emergence of the
disease or instead of intervening when the
symptoms of the disease occur or curing the
diseases.According to this system, the human body
and the universe in which it lives are a whole, and
human health is actually considered as a balance of
various elements that make up this whole. Ways to
live long and healthy; Recommendations on
nutrition-lifestyle and physical-psychological health
are presented in the form of complex systems such
as massage, meditation and yoga techniques.
Ayurveda practice can be summarized as
maintaining a long and healthy life by reducing the
effects of time and strengthening the body's
immune system (Ozturk,1990). Another treatment
method that attracts the most attention and has
been the subject of research in recent years is
herbal treatments. Since ancient times, plants have
been used as medicine and serious successes have
been achieved in the treatment of many diseases.
Especially since the end of the 20th century, the
tendency to treatments with herbs has increased
rapidly due to reasons such as being more
economical, easily accessible, and having less side
effects and toxic effects. Herbal treatment sources
such as garlic, green tea, temple tree, licorice,
cloves, ginger, St. John's Wort, pomegranate juice
and cranberry juice are used as blood thinners,

cholesterol-lowering, anti-hypertensive, and
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protective against atherosclerosis.

When looking at complementary therapies in
general, they are classified according to different
criteria as follows:

1-Traditional Medicine: This field
includes more common and accepted forms of

Alternative

therapy such as acupuncture, homeopative
Oriental practices (Natural therapy, Chinese or
Oriental medicine). These therapies have been

practiced around the world for centuries.

2-Body Therapies: Touch has been used in
medicine since the early days of medical care.
Tactile healing is based on the idea that illness or
injury in one part of the body can affect all parts of
the body. With manual manipulation, the body can
fully focus on healing at the site of injury or illness
if other parts can be brought back to optimum
health. Body techniques are often combined with
mind techniques. Examples of body therapies
include chiropractic and osteopathic medicine;
Massage; body movement therapies; Tai Chi and

Yoga can be given.

3-Dietary and Herbal Approach: For centuries,
human beings have moved from a simple diet of
meats, fruits, vegetables and grains to a diet
consisting of foods usually rich in fats and complex
carbohydrates. Both, as well as nutritional surplus
and deficiency, have become problems that lead to
certain chronic diseases in today's society. Many
dietary and herbal approaches are used to balance
the body's nutritional health. Within diet and
herbal approaches, Dietary supplements; herbal

medicines; Nutrition / Diet applications are
included.
4-External Energy Applications: Some people

believe that external energies from objects or
other sources directly affect a person's health.
Examples of external source energy therapy are
Electromagnetic treatments; Reiki and Qigong can
be given.

5-Mind-Based Therapies: Standard or traditional
of the
connection between mind and body. Studies have

medicine both recognize the power

shown that people improve more when they have
good emotional and mental health. Therapies that
use the mind include: Meditation; Biofeedback and
Hypnosis.

6-Forms of Sense-Based Treatment: Some people
believe that the senses, namely touch, sight,
hearing, smell and taste, can affect overall health.
Examples of therapies involving the senses are Art,
dance and music; Visualization and auxiliary images
can be provided (InytKayn.5).

In addition to all these, various researches on
cardiovascular, lung and blood diseases and their
treatments were conducted by the National Heart,
Lung and Blood Institute and the National Institute
of Complementary and Alternative Medicine in
2001. In the workshop held on the general use of
CAM applications, there were positive opinions on
the fact that individuals began to prefer CAM
applications to a large extent, and for this reason, a
joint decision was taken to initiate large-scale
clinical studies in order to maintain and protect the
health of the population. It was emphasized that
should be done to
of CAM
applications, that time and resources could be
is thought that
meaningful basic and clinical studies are needed to
CAM
interventions and herbal products in treatment(Lin
et. all. 2001).

more serious research

understand the basic functioning

wasted and even risky. It

standardize the use of procedural

If we look at the interaction between drugs used in
the treatment of cardiovascular diseases and CAM;

-Warfarin and its use for antithrombotic therapy:

Many herbal uses have interactions with warfarin.
During the use of herbal therapy, it increases the
risk of bleeding in patients receiving warfarin or
conventional antiplatelet therapy, etc. It can make
positive or negative changes in platelet function,
such as In many cases, it is thought to increase the
likelihood of bleeding; however, numerous cases of
increased bleeding tendency have been reported in
patients using herbal supplements with or without
warfarin.
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-Digoxin: It has been explained that some plants
can act as digoxin-like active substances and
therefore, plants that are likely to act in this way
can increase the digoxin effects of plants. Chinese
silk vine (Periploca Sepium) is a poisonous plant
containing cardiac glycosides. Uzarae radix (uzara
root) has been noted to have cardiac effects like
digoxin when used in high doses. Serious side
effects of herbal treatments may result from lack of
standardization and inadequacy in packaging and
preparation.

-Cyclosporine: This substance, which is used for
immunosuppression after heart transplantation, is
exposed to many drug-drug interactions. For
example, interaction with Diltizem causes
increased levels of cyclosporine. If diltizem is used
with heart
hypertension, the dose of cyclosporine should be
reduced. St. John's Wort

treatment for those with depression and mood

in patients transplantation and

is used as herbal

disorders. Unexpected interactions with

cyclosporine have been reported in various
sources. It is stated that it causes a decrease in the
level of cyclosporine and its rapid elimination from

the body(Miller et all. 2004).

3.Summarized of some studies on Cardiovascular
Fields

Studies to determine the wuse of CAM
(complementary alternative therapy) in the field of
treatment of heart disorders are also carried out in
different countries. One of them; It was conducted
based on a questionnaire analysis between April
01, 2013 and April 18, 2014 to determine the use
of CAM in patients in the Cardiac Surgery unit of
Angers University Hospital in France. It was
understood that 58% of the 154 patients included
in the study used a complementary and alternative
medicine at least once in their lifetime, 38% in the
previous year before the disease appeared, and
14%  between

intervention.

consultation and  surgical

In total, 71% preferred alternative treatment at any
stage of their illness, and only 29% of those who
used it informed their doctors and paramedics

about it.It has been understood that the use of
complementary and alternative medicines is
common among patients who apply to cardiac
surgery units, but the authorities are not
sufficiently informed about this issue (Dalmayrac
et. all. 2016). Cardiovascular diseases (CVD) have
traditionally been treated with medications and
lifestyle changes. The use of complementary
therapies in this field has been increasing in recent
in the

including

years. The use and success of CAM
prevention and treatment of CVD,
hypertension,

hyperlipidemia, coronary artery

disease, heart failure, and arrhythmias, was

discussed in this study.

It has been concluded that alternative methods
such as special nutrition programs, meditation,
herbal
supplements that can be used as an adjunct to

yoga, acupuncture, herbs and vitamin
traditional medical care to improve cardiovascular
health and quality of life can be used in this area as
promising, and it has been emphasized that similar
results have been obtained from different studies.
Aggarwal et. all. 2017).

Another similar study was conducted to evaluate
the effects of Mind-body practices (MBI) (eg, Tai
in CAM on
individuals with heart failure (HF). For this purpose,
conducted with 1314
participants in October 2016. And in it, questions

Chi, yoga, meditation) included

a survey study was
were asked to determine the use and effects of 9
CAM methods covering mind-body practice. Each
method was accepted as a separate group. The
studies were performed for different groups in
periods ranging from 4 minutes to 26 weeks, and
the groups were formed with variability between 8
and 65 patients.the results were obtained as; Tai
Chi (n = 7), yoga (n = 4), relaxation (n = 4),
meditation (n = 2), acupuncture (n = 2),
biofeedback (n = 2), stress management (n = 1) ,
Pilates (n = 1) and reflexology (n = 1). Most of the
participants (n = 22, 95.8%) experienced quality of
life (14/14), exercise capacity (8/9), depression
(5/5), anxiety and fatigue (4/4), blood pressure
(3/5), stated that there was an improvement in the
criteria of heart rate (5/6) and heart rate variability
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(7/9) criteria ranging from little to moderate.
According to these data; It has been stated that
CAM applications can create moderate advantages
for people with heart disease and can be applied
and preferred as supportive treatment (Gok et. all.
2018).

4.Conclusion

In this study, myocardial infarction, which is the
most common cardiovascular disease and has the
highest rate of mortality and morbidity, and its
alternative treatments, the usability of these
treatments, as well as the efficacy and causes of
alternative treatments in the world and in our
country, are mentioned. It has been concluded that
complementary alternative treatment methods can
be used in cases where conventional treatments
are insufficient and under the control of a doctor.
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