I.INFICVERSI'I'Y

LLLLLLLLL
OVI

2" International Conference on
Engineering Technology and
Applied Sciences

Technical University Of Cluj Napoca
20-21 April 2017
Baia-Mare / ROMANIA

www.icetas2017/.org

Book of Proceedings

ISBN 978-973-0-23973-7

ICETAS }

2017 2
BAIA MARE Y

ICETAS 2017

Edited by Assoc. Prof. Dr. Gratiela BOCA
Assoc. Prof. Dr. Ayhan EROL
Asist. Prof. Dr. Ahmet YONETKEN
Published Technical University of Cluj Napoca, 2017
icetas2017@gmail.com



2" |International
Conference on
Engeneering Technology

and Applied Sciences

Cluj Napoca Technical University
Romania 20-21 April 2017

www.icetas2017.org

Book of Proceedings



2" International Conference on Engeneering Technology and Applied Sciences
Cluj Napoca Technical University, Baia-Mare / Romania 20-21 April 2017
www.icetas2017.org

Book of Proceedings of the International
Conference on Engineering Technology and
Applied Sciences (ICETAS2017)

Edited by

Assoc. Prof. Dr. Gratiela BOCA

Assoc. Prof. Dr. Ayhan EROL

Asist. Prof. Dr. Ahmet YONETKEN
Published, 2017icetas2017 @ gmail.com

This work is subject to copyright. All rights are reserved, whether the whole or part of
the material is concerned. Nothing from this publication may be translated, reproduced,
stored in a computerized system or published in any form or in any manner, including,
but not limited to electronic, mechanical, reprographic or photographic, without prior
written permission from the publisher www.icetas2017.org icetas2017@gmail.comr
The individual contributions in this publication and any liabilities arising from them
remain the responsibility of the authors. The publisher is not responsible for possible

damages, which could be a result of content derived from this publication.

ISBN : 978-973-0-23973-7



2" International Conference on Engeneering Technology and Applied Sciences
Cluj Napoca Technical University, Baia-Mare / Romania 20-21 April 2017
www.icetas2017.org

Welcome to ICETAS2017

On behalf of the organizing committee, we are pleased to announce that the o
International Conference on Engineering Technology and Applied Sciences
(ICETAS2017) is held from April 20 to 21, 2017 in Baia-Mare, Romania ICETAS2017
provides an ideal academic platform for researchers to present the latest research
findings and describe emerging technologies, and directions in Engineering Technology
and Applied Sciences issues. The conference seeks to contribute to presenting novel
research results in all aspects of Engineering Technology and Applied Sciences. The
conference aims to bring together leading academic scientists, researchers and research
scholars to exchange and share their experiences and research results about all aspects
of Engineering Technology and Applied Sciences. It also provides the premier
interdisciplinary forum for scientists, engineers, and practitioners to present their latest
research results, ideas, developments, and applications in all areas of Engineering
Technology and Applied Sciences. The conference will bring together leading academic
scientists, researchers and scholars in the domain of interest from around the world.
ICETAS2017 is the oncoming event of the successful conference series focusing on
Engineering Technology and Applied Sciences. The scientific program focuses on
current advances in the research, production and use of Engineering Technology and
Applied Sciences with particular focus on their role in maintaining academic level in
Engineering and Applied Sciences and elevating the science level. The conference's
goals are to provide a scientific forum for all international prestige scholars around the
world and enable the interactive exchange of state-of-the-art knowledge. The
conference will focus on evidence-based benefits proven in clinical trials and scientific

experiments. Best regards,
Chairman of Conference

Assoc. Prof. Dr. Ayhan EROL
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Nokta diren¢ kaynak elektrotuna TiC-Co kaplamanin etkisi

Batuhan BOZKURT', Hayriye Ertek EMRE", Siikrii TALAS’, Ramazan KACAR'
!"Karabiik Universitesi, Teknoloji Fakiiltesi, Imalat Miih. Bol. Karabiik, Tirkiye
2'Afyon Kocatepe Universitesi, Teknoloji Fakiiltesi, Met. Malz. Miih. BSl. Afyon, Tiirkiye

Ozet: Otomotiv ve beyaz esya endiistrisinde ayni veya farkls tiirdeki celik saclarin
birlestirilmesinde genellikle nokta diren¢ kaynak islemi kullanilmaktadir. Nokta direng kaynaginda
kullamlan elektrotlar farkli geometrilerde bakir alasimlarindan iiretilmektedir. Omiirlerini arttirmak amaciyla nokta
diren¢ kaynak isleminde kullanilan bakir esasli elektrotlara kaplama islemi uygulanabilmektedir. Bu ¢alismada, Cu-Cr-
Zr nokta direng kaynak elektrotun yiizeyine TiC-Co malzeme elektrospark yontemiyle kaplanmustir.
Boylece kaplamanin DP600 ¢elik cifti birlestirmesi tizerindeki etkileri arastirilmistir.

Anahtar Kelimeler: TiC-Co elektrot kaplama, Nokta direng kaynagi, DP600 cift fazli celik.

Effect of TiC-Co coating on resistance spot welding electrodes

Abstract: Resistance spot welding is the most commonly used welding method on joining of similar and dissimilar
steel sheets in the automotive and white appliances industry. The different shape electrodes that used in resistance spot
weld were manufactured from Cupper alloys. The coating process applies to the copper base electrodes that are used for
resistance spot welding to improve life cycle. In this research, the TiC-Co material was coated to Cu-Cr-Zr electrodes
by the electrospark method. Thus, the effect of the coating on the resistance spot welded DP600 steel couple was

investigated in detail.

Keywords: TiC-Co electrode coating, Resistance Spot weld, DP600 dual phase steel.

1 GiRiS

Celik endistrisinde iiretim islem basamaklarini
basitlestirmek, maliyeti diisiirmek ve agirlig1 azaltmak o
tiriintin diger malzemelerle rekabet edebilirligini arttirir
[1,2]. Otomotiv ve beyaz esya endiistrisinde daha hafif
irtinler elde edebilmek icin kullanilan yeni nesil ileri
yilksek  mukavemetli  celikler (AHSS) yiksek
mukavemet ve siineklik oOzelliklerinden dolayr tercih
edilmektedir [3-7].

Yumusak ferrit ve sert martenzit fazlarindan
dolayi ¢ift fazli gelik olarak adlandirilan bu ¢eliklerin 1s1l
islemi Ac; — Ac; kritik sicaklik araliginda isitildiktan
sonra Ostenit fazinin hizli sogutulmasiyla yapida %35-20
araliginda  martenzit  fazinin  elde  edilmesiyle
sonlandirilir. Sogutma sirasinda yapida olusan martenzit
fazi celigin mukavemetini arttirirken, ferrit fazi ise
stinekligi saglamaktadir [8-9].

Nokta direng¢ kaynak yontemi ¢elik saclarin
birlestirilmesinde yaygin olarak kullanilan bir kaynak
yontemdir [10]. Basing ve kaynak akim yardimiyla ilave
metal kullanmadan meydana getirilen kaynakli
birlestirmeye nokta diren¢ kaynagi denir. Kaynatilacak
parcalar genellikle bakir veya bakir alagimlarindan imal
edilen farkli u¢ geometrisine sahip iki elektrot arasina
almir ve belirli bir baski uygulanmasiyla elektrik
akiminin gecisi saglanir. Makina iizerindeki salter ve
zaman sayaci ile belirlenen siire boyunca akim bir
elektrottan digerine akarken bu akima karsi direng, iki
sac arasindaki temas noktasinda en yiiksek degerine
ulasir ve malzeme bu noktada ergimeye baglar. Elektrik
akiminin otomatik olarak kesilmesinden sonra kaynak

banyosu, uygulanan basing altinda soguyarak katilagir.
Boylece iki sac malzeme soOkiillemez bir sekilde
birlestirilmis olur [11-12].

Otomotiv ve beyaz esya endiistrisinde genis
yelpazede kullanilan DP600 c¢ift fazli celigin nokta
diren¢ kaynak yontemiyle ilgili bircok ¢aligma mevcuttur
[13-15]. Nokta diren¢ kaynaginda birlestirmenin kaynak
kalitesini etkileyen unsurlardan birisi de kaynak icin
kullanilan elektrotlardir. Genellikler bakir ve bakir
alasimlarindan imal edilen elektrot émriinti uzatmak i¢in
elektrot uglarinin kaplanmasi ile ilgili cesitli calismalar
yapilmaktadir [16-19]. Uygulanan kaplamanin elektrotun
kullanim Omriinii arttirdig1 ve elektrottaki mantarlasmay1
azaltarak daha fazla kaynak isleminin gerceklesmesini
sagladig1 bilinmektedir. Elektrospark kaplama yontemi
kompozit ve celik malzemelerin yan1 sira elektrot
uglarinin  kaplanmasinda  kullanilmaktadir  [17-20].
Ancak yiiriitillen literatiir aragtirmalarinda elektrospark
kaplamanin elektrot iletkenligi ile Omriiniin yani sira
nokta diren¢ kaynagi ile birlestirilmis numunelerin
mekanik o6zellikleri ve mikroyapisina etkileri ile ilgili
yeterince calismaya rastlanilmamustir.

Calismada nokta diren¢ kaynag ile birlestirilen
DP600 cift fazli celiklerinin kaynak kabiliyetine, elektrot
iletkenligine ve Omriine TiC-Co kaplamanin etkisi
incelenmistir. Bu amacla bir grup DP600 ¢eligi temin
edildigi sekliyle Cu-Cr-Zr bakir alasimli elektrot ile
diger bir grup ise elektrospark yontemiyle TiC-Co
kaplanmis elektrotlar ile ayn1 kaynak parametreleriyle
birlestirilmistir.  Numunelerin ~ 6zellikleri  ¢ekme-
makaslama, capraz ¢ekme testi, sertlik olciimii, kaynak



cekirdek boyutu Olgiimii ile belirlenerek birlestirme
mikroyapist  incelenmistir.  Calismada  kullanilan
elektrotlarin elektrik akimina karsi gosterdigi direng ve
kaynak islem sayisina gore uc geometrisi metalografik
olarak degerlendirilmis ve sonuglar mukayese edilmistir.

2 DENEYSEL CALISMALAR

2.1. Elektrotlarin Kaplanmast

Calismada ticari olarak temin edilen Cu-Cr-Zr
kiiresel bagli elektrotlar iki gruba ayrilarak bir grup
elektrot, Shengzao marka elektrospark kaynak makinesi
ile 102V gerilim altinda 13 It/dk argon gazi korumasi
altinda TiC-Co ilave tel ile kaplanmistir. Sekil 1’de
elektrospark kaplama diizenegi gosterilmistir.

Sekil 1. Elektrospark kaplama iinitesi

Diger bir grup elektrot da ticari olarak temin
edildigi sekliyle kullanilmistir. Calismada kullanilan
ticari olarak temin edilen Cu-Cr-Zr ve TiC-Co kaplanmis
elektrotlarin kimyasal bilesimi Rigaku ZSX Primus II
model WD-XREF cihazi ile belirlenmis ve sirasiyla Tablo
1 ve 2'de verilmistir.

Tablol. Cu-Cr-Zr elektrotlarin % kimyasal bilesimi

Cr Zr Cu
Elektrot | 0,66 | 0,05 99,28

Tablo 2. TiC-Co kaplannus elektrotlarin % kimyasal
bilegimi

C Al Si Ti Co Cu

Elektrot | 9,94 | 048 0,28 22,4 5.1 Kalan.

Elektriksel direng degerleri GWINSTEK GOM-802
marka ve model ohm-metre ile 1 mikro-ohm hassasiyetle
Olctilmiistiir. Aralarindaki mesafesi 11.5 mm olan yayh
ve sabit bir baski uygulayan 2 pinli aparat 6l¢iim igin
kullanilmigtir. Cihaz sabit bir deger okununcaya kadar
bekletilmis ve bu sekilde direng degerleri belirlenmistir.

2.2. Malzeme ve Kaynak Islemi

Calismada ticari olarak temin edilmig DP600
celik sac malzemenin kimyasal analiz sonucu ve
mekanik 6zellikleri Tablo 3’de verilmistir.

Tablo 3. DP600 ¢eliginin kimyasal bilesenleri (%
agirlik) ve mekanik ozellikleri

C Si Mn Cr Nb Al Fe
0.1 0.18 1.6 0.34 0.09 0.05 Kalan
Akma Dayanim Cekme Dayanim Toplam Uzama
(MPa) (MPa) (%)
418 580 19

Calismada 1,5x30x100mm’ &lgiilerinde kesilen
DP600 celik sac numuneler kaynak icin hazir hale
getirilmistir (Sekil 2).

85
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Sekil 2. Deney numunesi boyutlari ve kaynak pozisyonu.

B
- L

i

Birlestirme islemi 60kVA giiciinde, BAYKAL
SPP60 marka elektronik akim ve zaman kontrollii,
pnomatik basma donanimli nokta diren¢ kaynak
makinesi  kullanilarak  gergeklestirilmistir.  Kaynak
sirasinda numunelerin  eksenden kaymasini 6nlemek
amaciyla ahsap tutucu kalip  geligtirilmis ve
kullanilmustir. On deneysel ¢alismalardan ve daha onceki
gerceklestirilen caligmalardan yola ¢ikilarak 7kA kaynak
akim siddeti ve 20 ¢evrim kaynak zamam sabit tutularak
iki farkli 5 ve 6 kN elektrot baski kuvveti kaynak
parametresi olarak belirlenmistir. Mukayese yapabilmek
amactyla bir grup numune ticari olarak temin edilen Cu-
Cr-Zr kiiresel bash elektrotla diger grup ise elektrospark
yontemiyle TiC-Co kaplanmis elektrotlarla
birlestirilmistir.

2.3. Cekme Makaslama Deneyi

Calismada her bir kaynak parametresi i¢in 6 adet
numune hazirlanmistir. Cekme makaslama testi icin 4
adet numune kullanilmistir. Deney SHIMADZU marka
50 kN Kkapasiteli test cihazinda 10 mm/dak g¢ekme
hizinda  gerceklestirilmistir. ~ Farkli  elektrotlarla
birlestirilen ¢ekme makaslama test numuneleri Sekil 3 a
ve b’de gosterilmistir.

i) Ea

Sekil 3. Cekme- makaslama deneyi numuneleri a) Cu-Cr-
Zr, b) TiC-Co kaplanmus elektrot ile birlestirilmis.

2.4. Capraz Cekme Deneyi

Calismada capraz cekme deneyine tabi tutulmak
tizere her parametre i¢in 3’er adet numune
hazirlanmistir.  Deney SHIMADZU marka 50kN
kapasiteli test cihazinda 10 mm/dak c¢ekme hizinda
gerceklestirilmistir. Deney sonrasi  birlestirmelerin
kirllma davranislar da metalografik olarak incelenmistir
Farkli elektrotlarla birlestirilmis ¢apraz c¢ekme test



numuneleri Sekil 4’de gosterilmistir.

Sekil 4. Capraz cekme deneyi numuneleri a) Cu-Cr-Zr
b) TiC-Co kaplanmus elektrot ile birlestirilmig.

2.5. Sertlik Olciimii ve Mikroyapt Incelemesi

Kaynakli deney numunelerinin sertlik 6l¢timii ve
mikroyapt incelemesi icin standart metalografik
yontemlerden  (200-2000  meshlik ~ zimpara ile
zimparalama, 3 ve 1 um elmas pasta ile parlatma, %2
nitrik asit ¢ozeltisi ile 15 sn daglama) yararlanilmistir.
Metalografik incelemeler Nikon Optical DIC marka
optik mikroskopta yapilmigtir. Sertlik oOl¢iimii, ana
malzemeden, kaynak eksenine dogru alinmigtir. Sertlik
olciimii 500 g yiik kullamlarak SHIMADZU marka
mikrosertlik cihazinda gerceklestirilmistir.

Kirik yiizey incelemesinde ve kaplama kalinlik 6l¢iimii
ve degerlendirilmesinde Zeiss Ultra Plus marka SEM
taramali elektron mikroskobundan yaralanilmstir.
Calismada kullanilan deney elektrotlarin  kimyasal
icerikleri XRF ile belirlenmistir.

3 DENEYSEL SONUCLAR ve IRDELENMESI
3.1.Deneyde Kullamlan Elektrotlarnin Incelenmesi

Ticari olarak temin edilen kiiresel baglikli
elektrotlar, elektrospark kaplama yontemi TiC-Co ile
kaplanmustir. Calismada kullanilan Cu-Cr-Zr F16 tip ve
TiC-Co kaplanmus elektrotlar kesitinden kesilerek XRF
incelemesine tabi tutulmustur. Sonuglar Sekil 5°de
gosterilmistir.

Intensity
1000

Expenmental pattern: ()
Calculated pattern (Rp=40.0 %)

500 ] C0.981 Tianium Carbide {khar ahasvite, syn)
850 [1Cu Copper (Copper)

800
750
700
650

T11]

950

550
500
450
400
350
300

0

200

150

100

: .‘ . [,
o inardod | Yt cali s pind | | 0 vl natiadd? | kAT Yoy

3500 40.00  45.00  S0OD  SS.00  60.00 €500 Y000 7500 80.00 8500 9000 9500 1000
athel

Sekil 5. Cu-Cr-Zr elektrot ve TiC-Co kaplanmig
elektrotlarin XRF analiz sonucu.
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Sekil 5'den goriildiigii gibi XRF sonucu F16 tip elektrot
Cu-Cr-Zr alagiminin ug yiizeyi TiC-Co ile kaplandigina
isaret etmektedir.

Kullanilan elektrotlarin kimyasal bilesimini belirlemek
ve kaplama kalinligim o6l¢gmek igin ayrica SEM

incelemesi yapilmis ve elektrot {iizerinden belirtilen
noktalardan EDS analizi gergeklestirilmistir. EDS analiz
sonuglart Sekil 6'da, kaplama kalinligi 6l¢iimii sonucu
ise Sekil 7'de sirastyla gosterilmistir.

e
4426 — 50 pm

SE MAé‘ T00x HV: 10.0 KV WD: 8.1 mm

. o) o
1 T T T
1 2 3

Mass percent (%)
Spectrum Cr Cu Zr

a1 0.31 99.55 0.14
Mass percent (5}
Spectrum (= Ti Co Cu

2 15.08 53.38 15.42 16.12

Sekil 6. Calismada kullanilan elektrot iizerinden
gerceklestirilen EDS analiz sonucu

Sekil 6’da EDS analizi sonucu ¢aligmada kullanilan
elektrotun Cu-Cr-Zr alasim elementlerinden olustugunu
belirtirken kaplanms elektrotun yiizeyinden gerceklesen
EDS analizi sonucu yiizeyde Ti, Co ve C elementlerine
rastlanmasi elektrotun TiC-Co ile basari ile kaplandigina
isaret etmektedir.

20 um EHT = 90,00 by

Sekl 7. Cu-Cr-Zr elektrot iizerine TiC-
kalinlik olgiimii




Sekil 7’deki gosterilen bolgelerden yapilan oOlgiimler
kaplama kalinhiginin yaklagik 15-42 pm kalinliginda
oldugu tespit edilmistir.

Deneysel islemlerde kullanilan Cu-Cr-Zr ve TiC-Co
kaplanmig elektrotlarin elektrik akimina gosterdikleri
direng olciilmiistiir. Ol¢iim sonuglarina goére Cu-Cr-Zr
elektrotun elektrik akimina gosterdigi direnc cok diisiik
bulunmus ve sifir kabul edilmistir. TiC-Co kaplanmis
elektrotun elektrik akimina gosterdigi diren¢ 2.982 mQ
olarak Ol¢tilmiistiir.

Ayrica calismada kullanilan elektrotlarin omriinii ve ug
geometrisindeki degisimi belirlemek i¢in her 5 kaynak
isleminden sonra elektrot u¢ makro goriintiileri alinmis
ve goriintiiler Sekil 8 a ve b'de gosterilmistir.

Sekil& 0-5-10-20 kaynak sonrast u¢ makro goriintiisii a)
Cu-Cr-Zr elektrot b) TiC-Co kaplanmus elektrot

Ticari olarak temin edildigi sekliyle kullanilan Cu-Cr-Zr
elektrotun u¢ kisminda olusan mantarlagma capi sirasiyla
swrastyla 10 ve 20 kaynak isleminden sonra 3,96 mm ve
4,17 mm Ol¢iilmiistiir (Sekil 8). TiC-Co kaplanmisg
elektrotun u¢ kismindaki mantarlasma ise sirasiyla
sirastyla 10 ve 20 kaynak isleminden sonra 3,38 mm ve
3,94 mm mm 6l¢iilmistiir. Bu durum TiC-Co kaplamali
elektrotlarda kaynak sayisina bagli olarak elektrot uc
bliytimelerinin daha az olduguna isaret etmektedir.
Benzer sekilde, yapilan bir g¢aligmada, Cu-Cr-Zr ve
CuAl,O;3 elektrotlar elektrosaprk yontemi ile TiC
kaplanarak, kaplamasiz ve kaplamali elektrotlarla
yapilan 0-1600 arast nokta direng kaynak sonrasi
elektrot u¢c  biiyiimeleri mukayese edildiginde
kaplamanin elektrot ug biiyiimesini azalttig1 belirtilmistir
[18]. Bu elektrot u¢ biiytime hizinin azalmasi, elektrot
omriinii arttirmaktadir.

Caligmada elektrot agirlik degisimide tespit edilmis ve
Tablo 4'de verilmistir.

Tablo 4. Elektrot agirlik degisim

Kaynak Cu-Cr-Zr TiC-Co Cu-Cr-Zr TiC-Co
islemi alt elektrot kaph alt iist kapl iist
sayist (gr) elektrot elektrot elektrot

(gr) (gn) (gr)
0 20,457 20,281 20,398 20,480
5 20,457 20,281 20,398 20,480
10 20,453 20,281 20,406 20,478
20 20,453 20,280 20,393 20,478

Tablo 3'deki elektrot agirlik degisimleri incelendiginde,
TiC-Co kapli alt ve iist elektrot agirhifinda belirgin bir
degisim gozlenmezken (20 kaynak igleminde 0,001-

0,002 gr azalma), ticari olarak temin edilen Cu-Cr-Zr
kaplamasiz alt ve iist elektrot agirliginda kaynak
islemine orantili olarak bir belirgin bir azalma (20
kaynak isleminde 0,004-0,005 gr) meydana geldigi
goriilmektedir. Kaynak islem sayisina bagl olarak
elektrot kaybi ve dolayisiyla elektrot agirligindaki
azalma muhtemeldir. Uygulamada 500-1000 kaynak
islemi sonrasi bu durum gozle goriilir bir elektrot
malzeme kaybina yol acgarak elektrot Omriinii
belirleyecektir. Calismadaki 20 kaynak islemi elektrot
omriinii belirleyici bir etkiye sahip olmamakla beraber,
elektrot kayiplari mukayese edildiginde TiC-Co
kaplamali elektrot agirlik kayiplarinin daha yavag bir
ivmeyle azaldigr goriilmektedir. Dong ve Zhou [19],
yaptiklart bir ¢aligmada nikel kaplamali celik saclarin
mikro-diren¢ kaynaginda kullanmilan TiC metal matrix
kaplamali elektrotlarin kaynak sonrast yapismayi ve
malzeme kaybini azaltigini rapor etmislerdir.

3.2. Cekme-Makaslama Deneyi Sonuglar

Calismada 7 kA sabit akim siddeti, 20 cevrim sabit
kaynak zamaninda, 5 kN ve 6 kN olmak tizere iki farkli
elektrot baski kuvvetinde Cu-Cr-Zr ve TiC-Co kaplamali

elektrotlar ile  birlestirilen numunelerin  ¢ekme
makaslama testi uygulanmistir. Ortalama ¢ekme
makaslama  yiikii-uzama  egrileri  Sekil = 9’da
gS’)sterilmistir.

[~ S kN elektrot bask: kuvveti

ar 5 kN elektrot baski kuvveti
6kN elektrot baski kuvveti
6kN elektrot baski kuvveti

Cekme-makaslama tagima yiikii(kN)

TiC-Co kaplanmis elektrot

Cu-Cr-Zr elektrot
Cu-Cr-Zr elektrot
TiC-Co kaplanmis elektrot

L
0 2 s & 8 0 12 " 16 e

Uzama ( % )
Sekil 9. Birlestirmelerin ¢cekme makaslama diyagrami

Sekil 9’dan goriildiigi gibi, ticari olarak temin
edilen Cu-Cr-Zr elektrotla, 5 kN elektrot baski kuvveti
ile elde edilen birlestirmelerin ¢cekme makaslama tasima
yikii 16,91 kN, wuzama miktart %4,9 olarak
belirlenmistir. TiC-Co kaplamali elektrot ile birlestirilen
numunelerin cekme makaslama tasima yiikii 18,63 kN,
uzama ise % 5,7 olarak tespit edilmistir. Kaplamal
elektrotlarla birlestirilen numunenin tagima yiikii tagima
kapasitesi yaklasik 1,8 kN, uzama miktar1 ise 0,8 mm
daha fazla oldugu bulunmustur. Nokta direng
kaynaginda meydana gelen toplam 1s1 girdisi (Q),
formiilii; Q= I’R. t, seklindedir. Burada I, kaynak akim
siddetini, t, kaynak zamanin1 ve R ise toplam direnci
ifade etmektedir. Burada

R=R;+R,+R3+R4+R5+R4+R;’dir. R, Rs, elektrot



malzeme arasindaki temas direncini, R,,R4, is parcasi
direnglerini, R3, kaynak edilecek malzemeler arasindaki
direnci, Rg,R; ise elektrotlarin direncini ifade eder [21-
23]. Elektrotlarin kaplanmasi ile burada toplam dirence,
kaplama direnci olan Rg ve Ry da eklenmelidir. Temas
direngleri, farkli 1s1 girdisine ve dolayisiyla baglanti
dayanim oOzelliklerinin farklilasmasina yol acar [23].
TiC-Co kaplama direnci, Cu-Cr-Zr kaplamasiz elektrot
direncinden daha fazladir. Kaplama direncinin artis1
dolayis1 ile artan direncin toplam 1s1 girdisine ¢ok
belirgin bir etkisi olmamakla birlikte, 1s1 girdisini bir
miktar arttiracagi soylenebilir. Artan 1s1 girdisi, kaynak
cekirdek boyutu artisina neden olacagindan daha yiiksek
cekme-makaslama dayanmimina neden olabilmektedir.
Chan [17] c¢alismasinda TiC kaplamali elektrotun,
kaplamasiz Cu-Cr-Zr elektrota gore 1s1 girdisini yaklagik
%8.4 artirdigini tespit etmistir. Diger taraftan kaynak
sirasinda kontak yiizeyler arasinda olusan 1s1, teorik
olarak ¢ok hizli bir sekilde celik kalinligt boyunca
ilerleyerek elektrotlara dogru geger. Elektrot ile is
parcasi arasindaki TiC kaplama bu arayiizeyi izole eder
ve kaynakta 1sinin hapsolmasina neden olur. Dolayisi ile
kaplamali elektrotlar ile yapilan birlestirmelerde aymi
kaynak 1s1 girdisinde daha genis kaynak c¢ekirdegi
olusumuna neden olur [17]. Bu durumun kaplamali
numunelerin ¢cekme-makaslama dayanimlarindaki artiga
neden oldugu soylenebilir.

3.3. Capraz Cekme Deneyi Sonuclar

Birlestirmelerin statik kuvvet etkisi altindaki
davraniglarint  ve numunelerin  kiritlma  bi¢imlerini
belirlemek icin iki farkli elektrot ve iki farkli elektrot
baski kuvveti altinda birlestirilen numunelere capraz
cekme testi uygulanmistir. Numunelerin kirillma yiizey
gortintiileri Sekil 10'de gosterilmistir. Calismada Cu-Cr-
Zr ve TiC-Co kaplamali elektrot ile 5 ve 6 kN olmak
tizere iki farkli baski  kuvvetinde birlestirilen
numunelerin tamami test sonucunda istenilen sekilde
diigmelenme biciminde kirilma gostermistir.

Sekil 10. Capraz cekme deney numuneleri kirilma
bicimleri a) Cu-Cr-Zr elektrot, b) TiC-Co kaplanmug
elektrot ile birlestirilmis numune

3.4. Sertlik Sonuclar

Birlestirmelerin sertlik ol¢ctimii kaynak c¢ekirdek
merkezinden ana malzemeye dogru ayni hat iizerinde 50
pum mesafe araliklarla gerceklestirilmistir.  Sertlik
sonuglar1 grafiksel olarak Sekil 11’de gosterilmistir

Cu-Cr-Zr elektrotla 5 kN elektrot baski kuvveti
altinda yapilan birlestirmenin ana malzeme ortalama
sertligi 203 HV, s, ITAB sertligi 375,25 HV, 5 ve kaynak
cekirdek sertligi ise 400,25 HV,s olarak bulunmustur.
Ayni sartlarda TiC-Co kaplamali elektrot ile yapilan
birlestirmede ITAB sertligi 386 HV,s kaynak metali
sertligi ise 392,5 HV s olarak bulunmustur. Kaplamali
elektrot ile birlestilen numunenin c¢ekirdek sertligi
yaklasik 7.75 HV, s daha diisiik, fakat ITAB sertligi ise
yaklastk 10,75 HV,s daha yiiksek oldugu goze
carpmaktadir.

Cu-Cr-Zr elektrot ile 6 kN basing altinda
yapilan birlestirmede ana malzeme ortalama sertligi
203 HV 5, ITAB sertligi 363,5 HV, 5 ve kaynak ¢ekirdek
sertligi 431,75 HV,s bulunmustur. Ayni sartlarda TiC-
Co kaplamali elektrot ile yapilan birlestirmede ITAB
sertligi 378,5 HV,s kaynak cekirdek sertligi ise 420,25
HV,s bulunmustur. Kaplamali elektrot ile birlestilen
numunenin cekirdek sertligi yaklasik 11,5 HV,s daha
diisiik, fakat ITAB sertligi ise yaklasik 15 HV,s daha
yiiksek oldugu goze ¢arpmaktadir.

T T T T T T T T T T e Cu-Cr-zr elektrot 5 kN
450 4 | |e CuCrzretekirot 5KN
aynak gekirdedi a Tic-Cokaplanms elektrot 6kN
~®-0-® | | o TiC-Cokaplanms clektrot 6kN
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Sekil 11. Sertlik Sonuglar:

Her iki elektrotla yapilan birlestirme kaynak
cekirdegi sertlikleri birlikte degerlendirildiginde yiiksek
sertlik icin, kaynak cekirdeginde 1s1 girdisine bagh
olarak Ac; sicakligimin tizerine ¢ikilmasi ile cift fazli
celik sacin kimyasal kompozisyonuna bagli olarak
tamamen Ostenitik doniisimiin tamamlandigint  ve
ardindan hizli sogumayla martenzitik doniistimiin
gerceklestigi soylenebilir



Her iki elektrot baski kuvveti igin birlikte
degerlendirme yapildiginda; Cu-Cr-Zr elektrotla yapilan
birlestirme kaynak cekirdegi sertliginin azda olsa daha
yiilksek oldugu goriilmektedir. Bu durumun sebebi
elektrot ile is parcasi arasindaki 1sinin su sogutmalir Cu-
Cr-Zr elektrot {izerinden daha hizli transfer olarak is
pargast soguma hizinin arttirmasi olabilir. Sonug¢ olarak
kaynak cekirdeginde hizli sogumaya bagli olarak daha
fazla martenzit hacim oraninin olugmasi sertligin bir
miktar yiiksek bulunmasimin sebebi olabilir. Diger
taraftan TiC-Co kaplamali elektrot birlestirmelerinde
elektrot {izerinden 1sinin uzaklagmasi daha yavas oldugu
icin 1simin birlestirilen is pargasinda daha uzun siire
kalarak ITAB'da  1sinin daha yiiksek sicakliklara
ulagmasina diger bir ifadeyle ve sicaklifin Ac; ilizerine
cikarak daha fazla Ostenit doniisiimiin gerceklesmesine
neden olmaktadir. Termal ¢evrimle iliskili miiteakip hizli
soguma kosullarina bagl olarak da daha fazla martenzit
faz1 olusumuyla ITAB’da daha yiiksek bir sertlige neden
oldugu diigiiniilmektedir.

Tiim birlestirmelerin ITAB sertligi ana metal
tarafinda daha yiiksek, kaynak cekirdegine yakin tarafta
ise daha diisik bulunmustur. Bunun nedeninin kaynak
termal cevrim etkisiyle kaynak cekirdegine yakin olan
bolgelerde tane irilesmesinin  sorumlu  oldugu
diisiiniilmektedir. Capraz ¢ekme ve ¢ekme makaslama
deney numunelerinde diigmelenme seklinde olusan
kirilmalarin ~ bu  bolgelerden olusmasit  bu  tezi
desteklemektedir.

3.5. Mikroyapt Sonuglart

Caligmada S5kN elektrot baski  kuvvetiyle
Cu-Cr-Zr ve TiC-Co kaplamali elektrotlarla yapilan
birlestirmelerinden elde edilen mikroyap:1 goriintiileri
sirastyla Sekil 12 ve Sekil 13’de gosterilmistir. 6 kN
elektrot baski kuvveti altinda yapilan birlestirmelerinden
elde edilen mikroyap1 goriintiileri ise sirasiyla Sekil 14
ve Sekil 15°de gosterilmistir. Birlestirmelerin kaynak
cekirdegi martenzit fazindan olugmaktadir.

Sekil 12-15 'den goriildiigii iizere Cu-Cr-Zr
elektrot kullanilarak birlestirilen numune kaynak
cekirdegi martenzit hacim oraninin daha fazla oldugu
tespit edilmistir. TiC-Co kaplamali elektrotla birlestirilen
numune kaynak cekirdegi sertligindeki bir miktar
azalmanin martenzit hacim oranindaki bu farkliklikla
iligkili oldugu dusiiniilmektedir. Birlestirme ITAB
mikroyapisi tiim birlestirmeler i¢in kaynak cekirdegine
yakin bolgede martenzit fazindan meydana gelirken,
DP600 ana malzemeye dogru ferritik matriste martenzit
fazindan olusmaktadir. DP600 dual fazli ana malzeme
mikroyapist ferrit ve martenzit fazlarindan meydana
gelmektedir.

Sekil 12. Cu-Cr-Zr elektrotla 5kN elektrot baski
kuvvetinde birlestirilmis numune mikroyapi goriintiisii

20 um

ws MY

Sekil 13. TiC-Co kaplanmis elektrotla 5 kN elektrot
baski  kuvvetinde birlestirilmis numune mikroyapi
goriintiisii

Mikroyapi fotograflari genel olarak
karsilastirildiginda 6 kN elektrot baski kuvveti altinda
yapilan birlestirmelerde ITAB tane boyutunun daha kaba
oldugu dikkat cekmektedir. Yiiksek elektrot baski
kuvvetiyle iligkili yiiksek plastik deformasyonla yeniden
kristallesme sicakliginin diismesi ITAB'da tane boyutu
kabalagmasina neden oldugu diisiiniilmektedir.



Sekil 14. Cu-Cr-Zr elektrotla 6 kN elektrot baski
kuvvetinde  birlestirilmis ~ numune  mikroyapi
goriintiisti

b

Sekil 15. TiC-Co kaplannus elektrotla 6 kN elektrot
baski kuvvetinde birlestirilmis numune mikroyapi
goriintiisii

4. GENEL SONUCLAR ve ONERILER

Bu calisma sonucu elde edilen genel sonuglar asagida

verilmistir;

e TiC-Co kaplanmis elektrotlarla elde edilen
birlestirmelerde kaynak sayisina bagli olarak elektrot
u¢ biiylimesinin (mantarlagmanin) daha az oldugu
tespit edilmistir. Elektrot ug¢ biiyiime hizinin azalmasi
elektrot 6mriinii arttirmaktadir.

e Kaynak islemine baghh olarak, elektrot kayiplar
mukayese edildiginde TiC-Co kaplanmis elektrot

kayiplarinin  daha yavag bir ivmeyle azaldigi

goriilmektedir.
e TiC-Co kaplanmis  elektrotlarla  birlestirilen
numunenin c¢cekme makaslama yikii tasima

kapasitesi, ticari olarak temin edilen Cu-Cr-Zr
elektrotlarla birlestirilen numunelerin tagima yiiki
kapasiteleri ile mukayese edildiginde yaklasik 1,8
kN, uzama miktar1 ise 0,8 mm daha fazla oldugu
tespit edilmistir.

e (Calismada Cu-Cr-Zr ve TiC-Co kaplanmis
elektrotlarla 5 ve 6 kN olmak iizere iki farkli baski
kuvvetinde birlestirilen numunelerin tamami ¢ekme
makaslama testi sonucunda istenilen sekilde
diigmelenme biciminde kirilma gostermistir.

e Her iki elektrot baski kuvvetinde, Cu-Cr-Zr ve TiC-
Co kaplanmis elektrot birlestirme sertlikleri
mukayese edildiginde, kaplamali elektrot ile elde
edilen numunenin c¢ekirdek sertligi yaklasik 9,62
HV,s daha diisiik, fakat ITAB sertligi ise yaklasik
12,87 HV,s daha yiiksek bulunmustur. TiC-Co
kaplamanin birlestirme kaynak cekirdegi sertligini
azalttigi, fakat ITAB sertligini arttirdiglr tespit
edilmistir.

e Birlestirmelerin kaynak cekirdegi martenzit fazindan
olusmaktadir.  Cu-Cr-Zr  elekrot  kullanilarak
birlestirilen numune kaynak c¢ekirdegi martenzit
hacim oranmin, TiC-Co kaplanmis elektrotla
birlestirilen numune kaynak cekirdegine gore daha
fazla oldugu diistiniilmektedir. Birlestirme ITAB
mikroyapist  tim  birlestirmeler icin  kaynak
cekirdegine yakin  bolgede martenzit fazindan
meydana gelirken, DP600 ana malzemeye dogru
ferrit matristeki martenzit adaciklarindan
olusmaktadir. DP600 ana malzeme mikroyapisi ferrit
matristeki martenzit fazlarindan olugsmustur.
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Microstructure and Hardness Properties of Hot Forged 30MnVSS5 Steel Cooled
in Different Mediums

Baris Ozlii', Halil Demir?, Mustafa Tiirkmen # Siileyman Giindiiz’

Abstract: In this study, the effect of cooling rate after closed die forging on the microstructure and mechanical
properties of 30MnVS5 steel was investigated. For this purpose, steel samples were subjected to a controlled closed die

forging followed by cooling in polymeric water, oil, air and sand mediums. Microstructure and mehanical properties

were evaluated by optical microscopy and hardness test. The results indicated that samples cooled at different mediums

after close die forging showed ferrite, pearlite and martensite phases with different morphologies and grain size. There
were also changes in hardness values depending on different cooling rate. The cooling rate has a remarkable effect on
the microstructure and mechanical properties at room temperature.

Keywords: Forging, Microalloyed Steel, Cooling Rate, Microstructure.

1. Introduction

Steels have an indispensable place in the material
groups used in engineering applications. Especially
after the World War II, the steel demand for sea and
land vehicles, fuel and natural gas pipelines, power
plants and similar needs has increased. Various works
have been started to increase the strength/weight ratio
to allow the use of thinner steel having a smaller cross-
section. In this way, the unit cost of production and
operating costs has been reduced by the development
of microstructural steels, which have a higher strength
at smaller cross-sections [1,2].

Microalloyed steels is a group of materials with
superior properties such as high strength, high
toughness, low ductile-to-brittle transition temperature,
excellent weldability and corrosion resistance by
applying different hardening mechanisms and
appropriate thermomechanical processes [3]. Although
the studies on microalloying have been started before
1970s, there have been important developments
especially between 1970 and 1980. In recent years,
great improvements have been achieved in the
mechanical properties of these steels with the addition
of strong carbides and nitride forming elements such as
Ti, Al, Nb and V in plain carbon steels. In this process,
called microalloying, the total of alloying elements
does not exceed 2% in general. Usually, this value is
between 0.1 and 0.2% except for manganese. The
advantages of these steels are that they have low alloys,
have better machinability, are faster to produce, energy
efficient and lighter in weight [4-6]. Therefore, such
steels are used where low weight and high strength is
required, such as cranes, high-speed transport vehicles,
bridges and various constructions [7].

The purpose of producing microalloyed forged steels is
to eliminate expensive heat treatments. The process
used in forged parts have several heat treatment steps
such as quenching, tempering, straightening after
hardening and stretching. However, tensile properties
equivalent of microalloyed steels are obtained through

precipitation hardening during air cooling after the
forging temperature [8-9]. In this study, microstructure
and mechanical properties were investigated in
30MnVS6 steels closed die forged at appropriate
austenization temperature followed by cooling in

different mediums.

1.2. Experimental Studies

In the experimental studies, microalloyed 30MnVS5
steel, obtained from Asil Steel Industry and Trade
Corp., were used. The chemical compositions of this
steel is shown in Table 1.

Table 1. Chemical compositions of Microalloyed Steel.

Materials
(microalloyed | C Si Mn P S Vv
Steel)
30MnVS5 0,30 | 0,50 | 1,46 | 0,010 | 0,032 | 0,087

Prior to forging, samples in dimension of @33mm
diameter and 240mm length were obtained for as-
received, sand, air, oil and polymeric water cooled
conditions from the Ditas Dogan Plant. A total of 21
samples, five samples for each cooling medium (sand,
air, oil and polymeric water) and one for as-received
samples, without forging process were cut.

The samples, except those in the as-received condition,
were annealed at 1200 °C by using the induction
annealing system. The temperature values before and
after forging were measured by using a Raytek
Raynger 3i Series infrared laser thermometer. After
annealing, the samples were put into the mold of
Voronezh brand 1600 tons eccentric press and forged.
As a result of the forging in closed die, the diameters of
the samples were reduced from @33 mm to @25 mm
and the final temperature was measured as 1150+20 °C.
After forging, the samples were cooled in the sand, air,
oil and polymeric water in a controlled manner.

The surfaces of the samples were ground and the
oxides and decarburization zones formed after the heat
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treatment were removed. The samples were grinded by
200, 400, 600, 800, 1000, 1200 mesh sandpaper until
removing all roughness on the surfaces. These surfaces
were then polished with 6 pym, 3 um and 1 um
diamond pastes. Finally, all prepared samples were
etched in 3% Nital solution to examine the
microstructure  under an  optical microscope.
Microstructure analysis were performed using a
Nikon ECLIPSE L150 optical microscope with X50-
X1000 magnification capacity. Grain sizes, percentage
of ferrite and pearlite phases of steel specimens were
measured at appropriate magnification using a Clemex
Vision Lite brand microstructure analysis system.

The microhardness measurements of the as-received
samples and the samples cooled in different mediums
after closed die forging were made with the Buehler
Micromet 5103 brand Hardness Tester. Micro hardness
measurements were carried out by applying HV1 (1000
gr.) load. The microhardness values were determined
by taking the average of 10 hardness measurements
from each sample.

1.3. Experimental Results and Discussion
1.3.1 Microstructure Analysis

Figure 1 shows the optical microstructure of the as-
received samples. As can be seen from the figure, the
original structures of 30MnVSS5 steels consisted of the
ferrite and pearlite phases.

Figure 1. Microstructure of As-recieved steel (F:
Ferrite, P: Perlite).

Figure 2 shows the optical microstructure obtained
from steel samples cooled in different mediums (sand,
air, oil and polymeric water) after closed die forging.
As seen from Figure 2 that steel samples cooled in sand
or air after closed die forging showed ferrite and
pearlite structures with different grain sizes (Fig. 2.a,
b). The average mean linear intercept grain sizes,
ferrite % and pearlite % calculated with the help of
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microstructure images are presented in table 2.

Since the rate of cooling in sand is slower than the rate
of cooling in air, microstructures of sand-cooled
samples consisted of coarser ferrite and pearlite
structures compared to the air-cooled samples (Table
2). Recrystallization and even grain growth may occur
before the austenite-ferrite transformation at low
cooling rates such as the one in sand cooling [10].
Therefore, it was observed that pre-eutectoid ferrite had
a network distribution on the grain boundaries and that
the 30MnVS5 samples showed coarse grains when they
were cooled in sand after closed die forging since the
sand cooling rate was slower than the air cooling rate.
These results are consistent with the results obtained by
Kaynar et al. [11].

The microstructure of 30MnVS5 samples cooled in oil
after closed die forging showed a martensitic structure
(Figure 3.c). This indicates that the cooling rate in oil is
higher than the critical cooling rate of 30MnVS5 steel
which is the minimum cooling rate to obtain martensite
structure. The critical cooling rate in steel is influenced
by the alloying elements. Alloying elements shift the
CCT and TTT diagrams to longer times, permitting to
obtain all martensite [12, 13]. A similar situation was
observed in the samples cooled in polymeric water,
leading to completely martensitic structure as shown in
Figure 3.d.

Table 2. Volume fraction of ferrite and pearlite and
mean linear intercept grain sizes of as-received and
sand cooled samples.

. . Ferrite Perlite
Ferrite Pearlite o e
Sample (%) (%) Grain Size | Grain Size
(um) (um)
As-received 38 62 11 20
Sand 25 75 9 30
Air 23 77 4 16
1.3.2 Hardness

Hardness results of the as-received sample and samples
cooled in sand, air, oil and polymeric water after closed
die forging shown in Figure 3. As can be seen that the
samples cooled in oil and polymeric water found to
have higher hardness values than those cooled in sand
and air. This is due to the martensite phase in the
samples cooled in oil and polymeric water after closed
die forging. In addition, air cooled samples showed
higher hardness values than sand cooled samples. The
reason for this is the change that takes place in the
microstructure due to the different cooling rate [14-16].
For example, air cooled samples showed smaller ferrite
and pearlite grain size and slightly higher percentage
pearlite which increase the strength of the air cooled
samples.
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Figure 2. Microstructures of 30MnVS5 steel cooled in different mediums; (a) sand, (b) air (c) oil and (a) polymerized

water.

Ridley et al. [17] studied the strength of steel with
eutectoid compositions containing vanadium and
suggested two factors attributed for the increased
strength of steel. First, addition vanadium in the steel
causes lower distance between the pearlite lamellae,
which is also a consequence of the decrease in the
austenite pearlite transformation temperature. Second,
the addition of vanadium to the steel increases the
strength of the steel by forming VCN precipitates in the
ferrite phase obtained as a result of eutectoid
transformation and in the pearlitic structure. A study
which was carried out by Bepari [18] has also shown
that low-carbon steels containing vanadium form
precipitates such as small VCN when they are
continuously cooled. In addition, it has been reported
that the increase in cooling rate has reduced the
transformation temperature and caused the formation of
homogeneously distributed small VCN precipitates in
the structure. Similar results have been reported in a
study by Karabulut and Giindiiz [19].

600 4

500 —
400 /

300 /

200 —Q/‘—_c

100

Hardness (HV1)

As recieved Sand Air oil Polymer

Qenched

Cooling Medium

Figure 3. Hardness test results of samples (HV,)
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1.4. Conclusions

In this study, the microstructure-hardness relationship
of 30MnVS5 steel cooled in different mediums after
closed die forging was investigated. For this purpose,
microalloyed steel samples were cooled in sand, air, oil
and polymeric water mediums after closed die forging
at appropriate austenitizing temperature. Hardness
values of these samples, which were cooled in different
mediums, were measured and microstructure images
were taken and analyzed comparatively. The results
obtained are listed below.

1. Air cooled samples were found to be consisted
of thinner ferrite and pearlite phases compared
to that of samples cooled in sand. This is
because of air cooling which is faster than
sand cooling.

2. It was found that the samples cooled in oil and
in polymeric water have martensitic structure.
This is a result of higher cooling rate required
to form the martensitic structure in the steel.

1. The hardness values of sand and air-cooled
samples with ferritic and perlitic structure
were lower than those of samples cooled in oil
and polymeric water due to slow cooling after
closed die forging. This is due to the
martensite phase existed in the samples cooled
in oil and water.
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Abstract: In this study, P460 steels joined by using submerged arc welding method under different parameters
(welding speed and current values). Tempering process was performed to welded joints at 300 °C, 400 °C and 500 °C
for 1 hour. Welded joints were characterized in terms of hardness and charpy impact test before and after tempering.
As a result of the experiments, it has been found that the P460 materials show the ability to weld sufficiently strong by
the submerged welding method. In addition to, the results indicated that P460 welded joints showed the lower hardness
values after tempering whereas the increase in impact toughness.

Keywords:P460 Steel, Submerged Arc Welding, Tempering, Notch Impact Test, Microhardness.

TOZALTI ARK KAYNAGI iLE BIRLESTIRILEN P460 CELIKLERIN
MEKANIK OZELLIKLERINE TEMPERLEME ISLEMININ ETKIiSI

Ozet: Bu calismada, P460 celik malzemeler tozalti kaynak yontemi ile farkli kaynak parametreleri (kaynak hizi ve akim
degeri) kullanilarak birlestirilmigtir. Birlestirilen numuneler 300 °C, 400 °C ve 500 °C sicakhiklarda 1 saat siire ile
temperlenmistir. Ardindan, kaynakl: birlestirilen numunelere temperleme dncesi ve sonrasi olmak tizere sertlik ve darbe
centik testleri uygulanmistir. Yapilan deneyler sonucunda, P460 malzemeler tozalti kaynak yontemiyle yeterince giiclii
bir kaynak edilebilme yetenegi gostermistir. Ayrica, P460 celik malzeme kullamilarak yapilan kaynakli baglantilarin
temperleme sonrasi daha diisiik sertlik buna karsin darbe toklugunda artig gosterdigi tespit edilmigtir.

Anahtar Kelimeler: P460 Celik, Tozalt1 kaynag, Temperleme, Centik darbe testi, Mikrosertlik.

*Corresponding Author: UgurCaligulu. ucaligulu@firat.edu.tr; Phone: (424) 23700 00 / 4225

spherical, cylindrical or conical shaped volumes used in
1. INTRODUCTION the production, transportation or storage industrial gases
(air, oxygen, nitrogen, argon, hydrogen gas) in
0.490.105, Pa 0,5 ato and higher pressure, fuel gases
(natural gas, acetylene gas, desulphurized coke gas) and
steam. P460 steel material is mainly used in the
manufacture of bridges, tankers, pipe fittings, and
pressure vessels (CO,and LPG tanks etc.) [4-5]. In the
submerged arc welding, arc also automatically occurs
between the bare electrode and the workpiece being
applied to the weld zone and it continues its function
under a powder stack spilled to the weld zone from a
separate canal. Since the welding arc is formed under
powder stack, this method is called as submerged
welding method [6].

Caliguluet al.,applied in oil cooling process
after 1-hour annealing at900°C to the 38MnVS6 micro-
alloyed steel and 41CrMo4 steel materials.The steel
materials cooled in the oil were tempered for 1 hour at
300°C, 400°C,and 500°C and the effect of the

The alloy design of quenched and tempered
steels having a widespread use in today’s industry and
the improvement of their performances in line with
applied heat treatments are inevitable. Tempering heat
process applied for further enhancement of mechanical
properties of the martensitic/bainitic structures formed
with rapid cooling after austenitization affects such
performance contribution significantly [1].With the
developing technology, the heat treatments applied to
the steelshave become important in the enhancement of
the mechanical and metallographic properties of the
steels depending on their widespread usage. Heating and
cooling of the material at the solidus temperature with
appropriate sequence and time to obtain a certain state
in terms of internal structure and properties is called as
heat treatment [2-3].Pressure vessels are defined as
vessels closed to the atmosphere made by joining

13
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tempering process on their microstructure and
mechanical properties was investigated [7]. Baday et
al., investigated the effects of microstructural
differences obtained by applying an over-tempering heat
treatment to a medium-carbon steel on cutting forces
and surface roughness. For this purpose, a quenching
process was applied to a group of AISI 1050 material
after 15-minute austenitization treatment at 850 °C and
then cementites were spheroidized in the ferrite matrix
by extreme tempering at 600°C separately for 15, 60,
and 180 minutes[8].Arslan et al., performed puncture
experimental studies by processing stainless steel sheet
(AISI 304) in punch machine with punches made of
DIN 1.2080 and cold work tool steels, which were
subjected to cryogenic process,tempered after cryogenic
process and untreated,and examined the face wear
behaviors forming on the punches. For this purpose, the
cold work tool steel punch was subjected to deep
cryogenic treatment at -145°C. Tempering was also
performed after deep cryogenic process [9].

Kelestemuret al., produced a dual-phase steel
from the low-carbon SAE1010 structural steel, the basic
building material of the construction industry and
examined the effect of tempering heat treatment on the
force-elongation curve of this steel [10].Karabulut et al.,
joined the micro-alloyed steel materials via the
submerged welding method using a 450 A welding
current value. Tempering process was applied to the
welded joint [11].Erden et al., performed three different
welded joints by using general purpose structural steel
and hardox hituf steel materials joined by using the
submerged welding method [12].

Akay et al., joined the X60, X65 and X70 steels
used in petroleum and natural gas lines via using
submerged arc welding method using different wires
(S1 and S2Mo) and powders (LN761 and P223). Visual
and radiographic examination techniques among non-
destructive methods are applied firstly to the welded
joints in order to determine the surface and sub-surface
defects and then, spectral analysis studies were then
performed to determine wire-powder-base material
compositions in the welded area. In order to determine
the toughness properties of the welded joints, a notch
impact test was performed. In addition, hardness and
microstructure studies were also conducted on the
samples [13].

In this study, P460 steel materials were joined
by wusing submerged welding method. After the
tempering process was applied to the welded joint,
mechanical properties of the joints were examined.
Hardness and impact notch tests were performed on the
welded joints before and after the tempering and
microstructure studies were conducted.

2. EXPERIMENTAL STUDY
In this study, P460 steel whose chemical analyses

are present in Table 1 and mechanical properties are
present in Table 2 was joined in the OERLIKON-Mz-

1250BF welding machinevia submerged welding
method by considering welding speeds and ampere
values given in Table 3.

Table 1. Chemical compositions of experimental

materials
Materi | ¢ | i | M1 p | s | €l cu|ni | M
als n r o
02106 (1,1 00| 00 |O, 08 | 0,1
P460 0 0 0 20 05 3 0,70 0 0
Com. |01 |01 |10 _ ST s
wire 2 0 0 30 ?
Com. 0,1 1,6 | 0,0 | 00
powder | 0 | %* | 0 | 16| 07 | - ) -0
Table 2.Mechanical properties of experimental
materials
Yield Tensile % Notch Impact
Materials Strength Strength | Elongation Strength (J)
(MPa) (MPa) (min) [-20°C|+20°C
P460 450 570 17 35 27
Commercial | g, 600 26 90 60
Wire
Commercial 450 515 3 . )
powder
Table 3. Welding parameters
Voltage . .
Sample No Ampere (A) (Volt) Welding speed (cm/min)
1st pass 500 30-32 17
2nd pass 550 30-32 20
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Tempering process was carried out to the welded
joints for 1 hour at 300°C, 400°C, and 500°C.Heat
treatment tests were carried out in Protherm heat
treatment furnace with a capacity of 1200°C.In order to
determine the structural change forming in the joining
region of the welded joints, optical microscope images
were taken and EDS analysis was performed. In order to
determine the notch impact strengths of the welded
joints, the samples appropriate for TS 269/75 EN 10
045-1:1990 standardwere prepared on CNC machine
and lathe. Notch impact tests were performed in the
INSTRON WOLPERT PW30 notch impact device with
capability of applying an impact of 150 joules. In
addition, microhardness scanning was performed for
welded joints.Hardness and impact notch tests were
applied to the samples before and after tempering. After
the notch impact test, fracture surfaces were analyzed
by SEM and the damage processes were determined.

The samples were sanded with waterproof
sandpaper with 200, 400, 600, 800, 1000, 1200 mesh,
respectively, until the surface roughness was removed.
These surfaces were then polished with 6 um, 3 um and
1 pm diamond pastes and made ready for etching. 3%
Nital solution was used for the etching process.
Microstructure studies were conducted by using Nikon
Eclipse L150 optical microscope. By taking images of
different magnitudes from different regions of each
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sample, it was noted that these images could
representthe entire microstructure.

Microhardness measurements were made before
and after tempering. Experiments were carried out in the
Q10A+ QNESS Microhardness measuring device. A
load of 500 gr was applied during the hardness
measurement.

3. RESULTS AND DISCUSSION

3.1. Microstructure

Figure 1 shows optical microscope image of
the untreated material. As seen from the figure, the
structure of the P460 steels was composed of ferrite and
perlite phases.

Fig. 1. Optical microstructure image of untreated
material (500-550 A). (F: Ferrite, P: Perlite).

3.2. Microhardness

The hardness measurements of the welded
samples were made from 10 horizontal points and 5
vertical points of the weld cross-section covering the
weld metal, HAZ, and base material as seen in Figure
2.As seen from the figures, the hardness value increased
with increasing ampere value in the HAZ and welding
seam to the width of the weldcross-section and then
decreased to the average hardness value of the base
material. This situation is thought to be caused by
formation of intermetallic phase in the welding seam.It
was determined that the performed tempering heat
treatment decreased the microhardness values of the
P460 steel.lt was also found that after tempering,
welded joints made by using P460 steel material
displayed lower hardness but they show an increase in
impact toughness.

While Figure 3 shows the hardness of the
welded samples, Figure 4 shows the hardness of the
tempered samples.
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Fig. 2.Schematic illustration of micro hardness
measurement points.
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Fig. 3. Microhardness graph of horizontal and vertical
axis of P460 material before tempering(500-550,
ampere values).
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3.3. Fracture Surfaces and EDS Analysis
The elemental transitions in the P460 materials
used in the experiments were calculated with the EDS

analysis. As a result of this analysis, it was determined
that the highest elemental transition (%) occurred in Fe
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and C elements. When the fractured surface and SEM
images of the material were examined, it was observed
that ductile fracture mechanism occurred.

e |

; |
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Fig. 5. P460 steel a) SEMimage b) EDS graphic
¢) Fracture surface image ( 500-550 ampere values).

The elements and rates detected in EDS analyses are
given below (Table4).

Table 4. EDS analysis results

Element | Weight % | Atomic %
C 24.90 60.57
Si 0.27 0.28
Mn 1.25 0.67
Fe 73.33 38.36
Ni 0.24 0.12
Totals 100.00 100.00

3.4. Notch Impact Test Results

Table 5. Notch impact test results of welding samples.

BEFORE TEMPERING NOTCH IMPACT TEST RESULTS
(Joule)
C° (-20) 0 (+20)
Test Results 63 97 115

Table 6. After temperingnotch impact test results(Joule)

Temper
Tempell‘)ature (-20) 0 (+20)
300°C 39 70 145
400°C 52 110 128
500°C 61 45 115

When the notch impact test results were evaluated,
it was found that the notch impact energy of the base
material was lower than the welded and tempered
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samples. As a result of the impact test, it was observed
that while the highest value was obtained at 300°C
tempering temperature and at +20°C
temperature(145Joule), the lowest one was obtained
at300°Cwith the temperature of -20°C (39 Joule). When
the notch impact test results before and after tempering
were compared, the highest impact strength was
observed at -20°C in the welded sample and in the
impact test performed at 0°C, the sample tempered at
400°C was determined to have a higher impact strength
than the welded sample. At +20 ° C, the welded sample
was observed to have the same impact strength as the
sample tempered at 500°C and the lowest impact
strength (115 Joule).

RESULTS

e P460 materials were successfully joined with
submerged welding method.

e According to microhardness results;the hardness
value in HAZ and welding seam increased with
increasing ampere value and then decreased to
average hardness value of base material. This
situation was thought to be caused by formations of
intermetallic phase in the welding seam. It was
determined that the performed tempering heat
treatment reduced the microhardness of the P460
steel.

o The elemental transitions in the P460 materials
used in the experiments were calculated with the
EDS analysis. As a result of this analysis, it was
determined that the highest elemental transition
(%)was observed in Fe and C elements.

e  When the fracture surface and SEM images of the
material were examined, it was observed that the
ductile fracture mechanism occurred.

e  When the notch impact test results were evaluated,
it was found that the notch impact energy of the
base material was lower thanwelded and tempered
samples.As a result of the tempering heat treatment,
it was determined that the notch impact strength
increaseddepending on the increased temperature.
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Gas Atomization Unit Design and Manufacturing For Metal Powder Production

Mehmet Akkas', Tayfun Cetin®, Atakan Oguz Ocak®, Mustafa Boz*

Abstract: In this study, which have been made the design and manufacture of the gas atomization unit. The Gas
Atomization Unit consists of seven basic sections. These sections can be indentified as; Melting furnace, Atomization
tower, Nozzle, Powder collecting division, Cyclones and Gas pressure ramp and control panel. The melting furnace is
designed to be capable of operating at temperatures up to approximately 1200 °C. With the aim of prevent the oxidation
of molten metal and produced powder, from the sides the of the melting furnace and from tower Argon gas is
continuously being sprayed. The melting process is carried out in stainless steel melting pot according to the chemical
composition of the material. Al and Mg alloy powders were produced first with the gas atomization unit manufactured
and designed. It was ascertained that the powders produced were between 0,1 microns and 750 micron and size of the
90 percent of the produced powders were below 100 microns. Besides it was observed that size of powders was

decreased depending on the increase of the gas pressure and changed their shapes from ligament to spheroidal.

Keywords: Gas atomization, Design and manufacturing, Powder production

1 POWDER METALLURGY

Powder metallurgy, which is one of the metal
manufacturing methods, is a widely used method at
various application fields. This widespread use is due to
the high manufacturing quality and the ability of
manufacturing very complicated parts economically.
Thus, with such a method, the production of various
materials increases with time and replaces the
conventional metal processing methods.

Powder metallurgy production method can be
defined as; Metal and non-metal powders, and by
blending and mixing these powders which are produced,
the mixture is pressed in a mold to receive the desired
geometry and then sintered. This method consists of
specific steps such as powder production, mixing of the
produced powders, pressing and sintering of the powders
[1,2]. Solid particles with a very fine characteristic of
less than 1 mm in size can be characterized as powder
[3]. Powders can be usually metallic or non-metallic.
The most important feature of a powder is its low
volume related to its surface area [4,5].

Determining the methods of producing metallic
powders in powder metallurgy is crucial for the
manufactured powder and for the material to be
manufactured. For the manufacturing of powders,
particle size, particle size distribution, particle shape, and
the structure of powders are also important as the
chemical composition and purity [6].

Production of metal powders are done by 4 different
methods. These are;

1. Mechanical methods

2. Atomization methods

3. Chemical methods

4. Electrolysis method [7].

Generally, any material that can be melted can be
pulverized. However, since the most efficient method in
terms of production cost is atomization, more than 65%
of metal or nonmetallic powders are produced by
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atomization method. Atomization is the process of
pulverizing molten metal by spraying gas or water while
flowing vertically or horizontally [8].

The production of metallic powder by chemical
method is the process of chemical reduction of the metal
into powder by elementally. Electrolysis is the process of
dissolving the metal by using electrical current and
pulverizing it. Metal ions solved on the anode pass
through electrolyte and accumulate on the cathode.
Porous deposit on the cathode is peeled, washed, dried,
grinded and powderised [6].

2 ATOMIZATION PROCESSES

In the atomization technique, most of metals that
can be melted can be shaped into the powders. This
technique; is the process of scattering a melt into very
small droplets at different sizes. The atomization is a
process in which droplets formed by the decomposition
of a liquid metal with a high velocity gas such as
nitrogen, argon or helium are suddenly and extremely
cooled and solidified into powder. The most widely used
atomization methods are; water, gas, centrifugal (rotating
disc), rotating electrode and vacuum atomization
methods. In powder production technique, controlling
the shapes and sizes of powders was impossible to carry
out before the atomization method. The most important
feature of this method is the ability of controlling the
shapes and sizes of the powders. Water or gas
atomization methods are preffered to produce powders
cheaper and in high capacity.

3 GAS ATOMIZATION UNIT

Atomization studies were carried out in Gas
Atomization Unit that designed and manfuctured, at
Karabuk University, Technology Faculty, Manufacturing
Engineering Department. As seen on Fig.l Gas
Atomization Unit is consist of seven main parts. These
parts can be defined as;

1. Melting furnace,

2. Atomization tower,

3. Nozzle and nozzle holder,



Powder collection unit,
Gas pressure ramp,
Cyclones,

Control panel.

No ok

Fig. 1. Gas tomizaton unit
3.1 Melting Furnace

The melting furnace has been manufactured as
be able to reach up to approximately 1200 ° C. Inner
view of the melting furnace is given on Fig.2. Gas inlet
and outlet units are placed on the sides of the melting
furnace in order to create a protective gas atmosphere,
atomize the molten metal and prevent the oxidation,
during the melting. Depending on the chemical
composition of the material to be melted in the melting
process, it is made of graphite or stainless steel melting
pot in the furnace (Fig. 3). Graphite stopper with a worm
gear is used to control of the flow of molten metal inside
the melting pot. Measurement of the temperature of
molten metal is carried out by two thermocouples where
placed inside the and outside of the graphite melting pot.

Fig. 2

of the melting furnace

2. Inner view
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Fig. 3. Stainless steel méﬁng pot
3.2 Atomization Tower

Atomization tower made of stainless steel is
produced in a shape that prevents the colliding of
powders onto the wall (Fig. 4). Produced powders are
gathered in the powder collection unit which placed at
the lowest part of gas atomization unit. Two cyclones are
designed serial to each other for the evacuation of the
used gas from the atomisation tower and for the retention
of fine powders.

Fig. 4. Atomization tower

3.3 Nozzle and Nozzle Holder

In order to atomize the liquid metal, a nozzle
system with 4 different diameter nozzles that closely
matched and supersonic geometries was used. Nozzle
has been placed on the nozzle holder in the melting
furnace. Nozzle and nozzle holder are made of 310S
stainless steel those are used in atomization process and
shown in Fig. 5. Nozzle tips are manufactured in the
sizes of 2, 3, 4 and 5mm. Heating of nozzles are crucial
in the closely matched systems. In the event of placing
nozzle system outside the melting station, the
temperature at the nozzle tip and flow rate of liquid
metal will. By this reason, solidification of the flowing



metal at the tip of the nozzle was avoided by placing
nozzle system used in this study inside furnace.

o S SHBTSe 2
Fig. 5. Nozzle and nozzle holder

3.4 Powder Collection Unit

Produced powders are gathered on the powder
collection unit at the bottom of atomization tower and at
the bottoms of serially connected cyclones (Figure 6).
Powder collection unit and cyclones are made of
stainless steel. Inner parts of gas atomisation unit and
cyclones were cleared after every experiment carried out.
Produced powders were stocked in the desicators to
avoid oxidation on powders.

Fig. 6. Powder collection unit

3.5 Gas Pressure Ramp

Three argon tubes were connected to gas ramp
to stabilize the pressure value and prevent fluctuation
during the atomization process. Gas pressure ramp and
manometer used in atomization process are given in Fig.

Fig. 7. a) Gas pressure ramp b) Manometer
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3.6 Cyclones

Two serially connected cyclones were used to
evacuate used gas and gather the fine powders. Image of
the cyclones are given in Fig. 8.

Fig. 8. Cyclones
3.7 Control Panel

Temperature control which is one of the
atomization parameters is made by the indicators those
placed on the control panel. The image taken from the
control panel is given in Fig. 9.

Fig. 9. Control panel
4 EXPERIMENTAL STUDIES

In the gas atomization unit designed and
manufactured, Al:2Si powder was firstly produced at
different nozzle diameters and at different gas pressures.
Afterwards powder production of AZ91, AM60 and
AZ31 magnesium alloys were carried out. Images of
AlSi powders which were manufactured with 2 mm
nozzle diameter and 30 bars gas pressure value is given
in Fig. 10.a and b, in d and e; SEM images of AZ91
alloy powders which were produced with 2 mm nozzle
diameter and 35 bars gas pressure values can be seen.



Fig. 10. SEM images of Al,;Si ve AZ91 alloy powders
SEM goriintiileri: a) 100 X, b)15000X, c) 100 X, d)
15000 X, €) 1000 X

Production of ligament, rod, droplet, flake and
spherical shaped powders in the gas atomisation unit,
which is designed and manufactured, can be seen in Fig.
10. Powder size distribution of AZ91 alloy is given in
Fig. 11. Powder size measurement were carried out with

Mastersizer 3000 model device.

Fig. 171.”Powder sizé d‘i‘stribution

As shown in Fig. 11, the size range of the
produced AZ91 alloy powder is 0.1 to 800 microns. On
the other hand, 10% of the produced powders are
composed of powders under 24.8 um, 90% are
composed of powders under 304 um. Average powder
size were noted as 88,8 um.

5 CONCLUSIONS

The following conclusions were drawn in the related
studies with Gas Atomization Unit that designed and
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manfuctured, at Karabuk University, Technology
Faculty, Manufacturing Engineering Department.

1. Powder production has been succesfully carried
out in the new gas atomization unit which is
designed and manufactured.

2. Powders with different shapes and sizes were
produced at Gas Atomization Unit.

3. It has been found that the size of the powder is
reduced due to the increase of the gas pressure
and the reduction of the nozzle diameter.

4. Maximum 35 bar gas pressure can be worked
on the manufactured device. Positive pressure is
formed on the tip of the nozzle at the higher
values.

5. Melting unit allows maximum
temperature for continuous operation.

1200 °C
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Ozet:Uretim kapasitelerinin hizla artngi giiniimiizde iiriinlerin tartlabilmesi icin tartim isleminin hizh, hassas ve
ekonomik olmasi gerekmektedir. Hizli tartim gereksinimini karsilamak icin gelistirilen dinamik tartim sistemlerinde
iiriinler tartim yapuan platformdan hareket halinde gecerken tartilmakta ve bu sayede birim zamanda odlgiilen iiriin
sayisi artmaktadir. Ancak tartum sisteminde meydana gelen titresimler oOlciim sinyali iizerinde olumsuz bir etki
olusturmaktadir. Dinamik tartim sistemlerinde iiriinlerin agirligimin belirlenebilmesi icin dlgiim sinyalinin uygun
filtreler ile filtrelenmesi gerekmektedir. Kullanilacak olan filtrelerin secimi yapilirken sistem icin gerekli olan hiz ve
hassasiyet degerleri dikkate alinmalidir. Bu ¢alismada 12 adet yumurtamin dinamik tartim sistemi ile tartilmast sonucu
elde edilen giiriiltiilii agirlik olctim sinyalini filtrelemek icin filtre tasarim uygulamast gerceklestirilmistir. Filtre
tasarum icin adaptif LMS filtresi kullanilmustir. Elde edilen sonuglar incelendiginde adaptif LMS algoritmasi ile agirlik
katsayr degerleri ayarlanan FIR filtrenin basarili bir sekilde dinamik tartim uygulamalarinda kullanilabilecegi

goriilmiistiir.

Anahtar Kelimeler:Dinamik Tartim Sistemi, Adaptif Sinyal Filtreleme, LMS Filtre

1 GiRiS

Modern endiistriyel sistemlerde tartim isleminin
onemli bir rolii vardir. Seri iiretim sistemlerinde hizli ve
hassas tartim islemine olan ihtiya¢ giderek artmaktadir.
Giiniimiizde artan niifus ve yasam standartlarina bagh
olarak insanlarin iiriin ve hizmet taleplerinde de artig
meydana gelmektedir. Artan bu talepleri
karsilayabilmek i¢in de iiretimin hizli ve kaliteli olmas1
gerekmektedir. Statik tartimin yavas ve kapasitesi diisiik
olmasi ve bazi pratik uygulamalar igin uygun olmamasi
nedeniyle iriinleri hareket halinde iken tartmak daha
hizli ve ekonomik olabilmektedir [1].

Dinamik tartim sistemleri kimya, tip, eczacilik,
gida, ulagim vb. olmak {iizere ¢ok c¢esitli alanlarda
kullanilmaktadir. Bu nedenle dinamik tartim sistemleri
birbirlerinden farkli yap1 ve oOzelliklere sahiptirler.
Ancak genel hatlar1 ile incelendiginde dinamik tartim
sistemleri checkweigher (otomatik kontrol terazsisi) ve
weigh-in-motion (otomatik kontrol kantarr) (WIM)
olmak iizere ikiye ayrilmaktadir. Otomatik kontrol
terazisi genel olarak endiistriyel uygulamalarda
kullanilirken WIM ise ulagim sektoriinde araglarin
tartimt icin kullanilmaktadir. WIM sisteminin en temel
karakteristik  Ozellikleri yiiksek hassasiyet, zaman
tasarrufu ve trafik akisii bozmadan tartim islemini
yapabilmesidir [2]. Bu sistemlerin kullanimi ile
araclarin tartim istasyonlarindaki bekleme siiresini
azaltilarak hem siiriiciiler hem de tartim istasyonlar1 i¢in
onemli derecede ekonomik kazang saglanmaktadir [3].
WIM sistemi ile ilgili calismalara hem karayollarinda
hem de demiryollarinda rastlanmaktadir. Meixedo
vd.arafindan yapilan calismada dinamik tartim icin
tasarlanan sistem tren raylar1 lizerine yerlestirilmistir.
Bu sistem sayesinde trenin hareketi sirasinda raya
uyguladig1 agirlik kuvvetini olciilmektedir. Raylarin bu
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agirlik kuvveti altinda ne kadar siire dayanabilecegi
hesaplanarak bu siireden ©Once raylarin bakim ve
yenilenme isleminin yapilmasi saglanarak bakim
maliyetleri azaltilarak ve giivenli bir ulasim saglamay1
amaclanmaktadir [4]. Xiao ve Lvtarafindan yapilan
caligmada otobanlarda araclarin yiiksek hizlarindan,
tartim sistemlerinden ve cevre kosullarindan dolay:
meydana gelen yiiksek frekanshi giiriiltiilerin diistik
frekansh ol¢tim sinyalleri ile birleserek hizli ve hassas
Olcim yapmayr engelledigini belirtilmektedir. Bu
yitksek frekanstaki giiriiltiileri yok etmek icin hem
zaman alaninda hem de frekans araliginda ¢oklu analiz
yapabilme yetenegine sahip olan dalgacik doniisiimiinii
kullanilmaktadir ~ [3].Rui  vd.tarafindan  yapilan
calismada araclarin dinamik tartim istasyonu iizerinde
cok kisa siire kaldigini belirtilmistir. Olciim sonuclarina
ara¢ lastiklerinden, cevresel etkilerden ve Olciim
sisteminden kaynaklanan giiriiltiiler eklendigi ve bu
etkilerin ortadan kaldirilabilmesi i¢in kendi kendine
uyarlanan adaptif LMS ogrenme algoritmasi tabanl
yapay sinir ag1 olusturarak hassas ve hizli Gl¢iim
sonuglari elde etmeye calisilmistir [2].

Otomatik kontrol terazisisistemleri ise belirli bir
hat boyunca ilerleyen bir iiriintin agirligini tartmak icin

gelistirilmis sistemlerdir. Endiistriyel tiretim
sistemlerinde tarttim islemini hizli ve ekonomik olarak
yapabilmesinden dolay1 yaygin olarak

kullanilmaktadir. Halimic ~ vd. yaptiklari  caligmada
bulanik mantik ile yapay sinir aglarini birlestirilmistir.
Dinamik tartim sistemi tarafindan Olciilen giiriiltiili
agirlik verileri bu iki yontemin birlestirilmesi sonucu
filtrelenmektedir [5].Xiaoyan, ve Zhenliang yaptiklari
caligmada dinamik tartim sistemlerinde hiz arttikca
hassasiyetin azaldigini belirtilmistir. Yapay sinir aglar
ve bulanik mantik yontemlerinin birlestirilmesi ile bir
kontrolcii kart1 tasarlamustir. ki farkli yontemin
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birlestirilmesi ile yiiksek hizlardaki hassasiyet
sorununun Oniine gecmeye calisilmaktadir. Dinamik
tartim sistemine bu kontrolcii kart1 entegre etmisler ve
50 kg’lik bir iirtintin tartim siiresinin 6,75 sn kisaldigini
ve hassasiyetin %4 oldugu belirtilmistir [6].Halimic ve
Balachandran yaptiklar1 calismada hareketli tartim
sistemlerine rampa, siniis ve kosinlis fonksiyonlari
uygulayarak elde ettikleri sonuglara gore sistemin
matematiksel modelini ¢gikartilmistir. Bu modele uygun
olarak kalman filtre katsayilarini belirleyerek giiriiltiilii

sinyale  kalman filtresini  uygulamistir.  Filtre
sonuclarinin  gercek  degerlere  yakin  oldugunu
gozlemlenmistir [7].

Bu calismada adaptif LMS algoritmasi

kullanilarak FIR filtre katsayilar1 belirlenmis ve bu filtre
ile dinamik olarak tartilan yumurtalarin = Gl¢im
sinyalinin  filtrelenmesi  saglanmistir. ~ Sonuglar
incelendiginde adaptif LMS algoritmas: kullanilan
filtrelerin dinamik tartim uygulamalarinda rahatlikla
kullanilabilecegi goriilmiistiir.

2 DINAMIK AGIRLIK OLCUM SiSTEMIi

Yumurtalarin ~ dinamik  olarak  tartimini
saglayacak mekanik sistemde yumurtalar yiik hiicresinin
platformu {izerinden yuvarlanarak ge¢cmektedirler.
Sistemin ¢aligma hizi degistirilerek yumurtalarin
platform tiizerinden gecis hizlari ayarlanabilmektedir.
Sekil 1’ de tartim sistemi verilmistir. Yumurtalar egik
bir diizlem iizerinden tasiyici ¢cubuklara dayali bir halde
gelmektedir. Yik hiicresi platformu yatay olarak
tasarlandigindan dolayr platform iizerinde tasiyict
cubuklardan ayrilarak agirlik 6l¢iimiinii etkileyecek her
hangi bir kuvvete maruz kalmadan platform tizerinden
yuvarlanarak ge¢mektedirler.

Q< T um,

e 0
=

YUE miCrest
PLATPORAU

s [
4 HUCRES

Sekil. 1. Dinamik tartum sistemi [8].

Yiik hiicresinden gelen analog agirlik sinyalini
dijitale ¢evirmek ve yiikseltmek i¢in AX ADC entegresi
ve bu entegrenin cevirdigi dijital sinyali okumak icin
mikro denetleyici kullanilmistir. Mikro denetleyici ve
ADC entegresi SPI ile haberlesmektedir. ADC
entegresinin gerekli ayarlar1 yine mikro denetleyici ile
SPI iizerinden gonderilerek yapilmaktadir. Daha sonra
stirekli olarak gerekli registerlar okunarak dijitale
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cevrilmis sinyal elde edilmektedir. Sekil. 2. de agirlik
Olciimii i¢in kullanilan elektronik devre verilmistir.

+5V 0.1pF 100 £
Analog J‘ 0.1yF !
Besleme I VA+ vD+ | ¥
VREF+ e e N e
= . iR =
YUK HUCRESI
o ' rc, 0sc1
22nF
<L, /:r‘ * / €s5532 MCU
Lifm csi+ RD2
AIN1- soi [+—— 501
AIN2+ spo— SDi1
N i'n’“z' soLk~—— SEK1

-— A1

VA- DGND

Sekil. 2. Dinamik tartim sisteminin devre semast
3 ADAPTIF FILTRE UYGULAMASI

Adaptif filtreler giris sinyalinin istatistiksel
bilgisinin bulunmadig1 durumlarda tekrarli algoritmasi
ile bulundugu ortama gore kendini ayarlayarak istenilen
cikisin olugmasini saglar. Adaptif filtre parametreleri
veri bagimlidir. Bunun nedeni ise parametrelerin
Ozyineli  algoritma sayesinde her bir adimda
giincellenmesidir. Adaptif filtreler dogrusal ve dogrusal
olmayan filtre olmak iizere ikiye ayrilir. Eger filtre
cikisy, filtre girisine uygulanan giris verisinin dogrusal
bilesimi olarak hesaplanabiliyorsa filtre dogrusal
hesaplanamiyorsa filtre dogrusal degildir [9].

3.1 Adaptif LMS Filtresi

LMS algoritmast 1960 yilinda Widrow ve Hoff
tarafindan geligtirilmigtir. Adaptif filtreleme
uygulamalarinda oldukga sik kullanilan bir algoritmadir.
En onemli 6zelligi basitligidir ve dogru kosullar altinda
tatmin edici sonuglar icin yeterlidir. Islevlerinde uygun
korelasyon fonksiyonlarinin Ol¢iimlerine ve matris
tersinin varligina ihtiya¢ duymadan calisan ileri yonlii
bir algoritmadir [9].

LMS algoritmasi iki temel iglemi iceren dogrusal
bir adaptif filtreleme algoritmasidir [9].

Bunlar:

1. Filtreleme islemi

* Girig isareti uygulanarak FIR filtrenin ¢ikisinin
hesaplanmasi.

* Elde edilen c¢ikisin  beklenen
karsilagtirilip tahmin hatasinin olusturulmasi.

2. Adaptif islem

e Filtre aguhk katsayilarimi
ayarlanmasi.

cevapla

adaptif olarak

Bu iki islemin birlikte caligmasi Sekil 3’te
goriildiigli gibi LMS algoritmas: etrafinda bir geri
beslemeli dongii meydana getirir. Oncelikle Sekil 3’te
goriilen LMS algoritmas1 etrafinda bir FIR filtre
olusturulur. FIR filtre filtreleme islemini yerine
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getirmekten sorumludur. Ikinci olarak FIR filtrenin
katsayilar1 iizerindeki adaptif kontrol islemini yerine
getirmek icin adaptif kontrol mekanizmasi olusturulur

[9].
/

FIR filtre
w(k)

(

Adaptifagirlik
kontrol mekanizmasi

x(k)

Y

d(k)
Sekil. 3. LMS filtre blok diyagrami[9].

Denklem 1 ile Denklem 3 arasinda tanimlanan

i. Hata

e(k) = d(k) — y(k) 2

ii. Filtre Agirlik Katsayisi1 Giincelleme Denklemi

w(k+1) = w(k) + px(k)e(k) 3
Denklem 1 ve Denklem 3’iin hesaplanmasi, w(k)
agirlik katsayisi vektoriiniin gegerli tahminine dayanan,
tahmin hatasin1 tanimlar. Esitlik 3’iin sag tarafindaki
pux(k)e(k) ifadesi w(k) agilik katsayis1 vektoriiniin
gecerli tahminine uygulanan diizeltmeyi ifade eder.
Tekrarli islemler w(0) baslangi¢ degerinden baslar [9].

3.2 Aguhk Sinyalinin Adaptif LMS Filtresi ile
Filtrelenmesi

Bu calismada kullanilan agirlik sinyali 12 adet

esitlikler adaptif LMS algoritmasi esitlikleridir. yumurtanin dinamik tartim sistemi ile tartilmasi sonucu
Algoritmanin her bir tekrarinda veya zaman elde edilmistir. Ol¢tim sinyallerinin frekanst 100Hz’tir.
giincellemesinde  x(k), d(k) ve w(k)’nin en son Tablo 1’de 12 tane yumurtanin tartim sirasina gore
degerlerinin bilinmesi éerekmektedir [9]. statik tartim sonucu elde edilen elde edilen statik agirlik
degerleri goriilmektedir. Sekil 4’te 12 adet yumurtanin
i Filtre Cikist dnamik tartim sisteminde tartilmasi sonucu olusan
agirhik Ol¢ciim sinyali goriilmektedir.
y(k) = w (k)x(k) 1
Tablo 1. 12 adet yumurtamn statik agirligi
Yumurta 1 2 3 4 5 6 7 8 9 0 112
Numarasi
Agirhk(gr) 519 52,7 54,6 56,1 58,4 60,7 61,2 64,7 67,8 68,1 70 74,5
Agirhk Olgum Sinyali
T I T T T T I T
70l | —Agirlik Sinyali] m m 4
60— . -
§ 50— =
E)
240 N
£
2 20 i
=
10+ .
3 4 5 7 8
Zaman (sn)
Sekil. 4. 12 adet yumurtamn agirlik olciim sinyal grafigi
Agirhik olciim sinyali incelendiginden sinyalde adaptif LMS filtresi kullanilarak

sapma meydana geldigi goriilmektedir. Sinyalde
meydana gelen bu bozulma 6l¢iim sirasinda sisteminde
tirtiniin  hareketli olmasindan dolayr meydana gelen
giiriiltiilerin ~ Ol¢iim  sinyali iizerine eklenmesidir.
Dinamik tartim sisteminden alinan agirlik sinyali filtre
derecesi M=10 ve adim biiyiikliigii u=0,00000031 olan
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filtrelenmektedir.Olciim sinyalinin adaptif LMS filtresi
ile filtrelenmesi sonucu olusan sinyale Sekil 5’te
goriilen basit bir kararlilik iglemi uygulanmistir. Bu
islem sayesinde tartilan yumurtalarin tartim siiresinde
agirhigiin stabil oldugu an belirlenmektedir. Sekil 5’te
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goriilen stabilizasyon isleminin parametreleri ve islem
asamalar1 asagida verilmistir.

A<niA<niA<n

Agirlik
\

AniA<n)
/A>n

A>n

= < >
Sekil. 5. Kararli agirlik belirleme semasi [10].

A= Agrirliklar arasindaki degisim,

t= Ol(;ﬁm siiresi,

n = Stabilite aralig1 (0,5 gr)

m = Stabilite araligindaki agirlik 6l¢iim sayis1 (5)

Sekil. 5.°te goriildiigi gibi kararhilik islemi ardisik iki
veri arasindaki degisim miktari olan A’nin, kararlilik
araligl n’den kiigiik olmasi ve bu sekilde m tane verinin
gelerek m. verinin kararli agulik degeri olarak
belirlenmesi seklinde calismaktadir.

Stabilizasyon islemi ile stabil agirligi belirlemek
icin ardisik iki 6l¢tim verisi arasindaki farkin 0,5 gr’dan
kiiciik olmasi ve bu sekilde 5 adet verinin art arda
gelmesi gerekmektedir. Bu sekilde gelen verilerden 5.
veri stabil agirlik olarak belirlenmektedir.

Sekil 6’da adaptif LMS filtresi akis diyagrami
goriilmektedir. Akis diyagramina gore filtreleme islemi
baslamadan Once Ol¢iim sinyali, sabitler ve baslangic
degerleri tek tek tanimlanmaktadir. Adaptif LMS filtresi
ilk olarak giris sinyalinden tanimlanan filtre derecesi
(M) uzunlugunda bir dizi alarak igleme baslamaktadir.
Alinan bu dizi ile baslangigta tanimlanmis olan filtre
agirlik katsayisinin baglangic degeri carpilir ve giiriilti
tahmini (y) elde edilmektedir. Istenilen sinyal (d)’ den
giiriiltii  tahmini (y) c¢ikartilarak tahmin hatasi (e)
hesaplanmaktadir. Elde edilen bu tahmin hatas1 (e) ve
baslangicta kullamlan adim biyiikligi ve M
uzunlugundaki filtre giris dizisi kullanilarak adaptif
LMS filtresi agirlik katsayisi elde edilmektedir. Bu
islemler giris sinyalinin biitiin degerleri icin tek tek
tekrar edilerek adaptif LMS filtresi agulhik katsayilari
elde edilir. Bu agirhik katsayilari kullanilarak ol¢iim
sinyali filtrelenmektedir. Filtre sonucuna stabilizasyon
islemi uygulanmaktadir.

BASLA

L=length(x_in)

Olgium sinyalini x_in(n) dizisine kaydet

istenilen sinyali Lx1 boyutlu d(n) dizisine kaydet

Adim biiyiikligii (mu) gir
Filtre derecesi (M) gir
Filte katsayis1 baslangic degerini

gir w=zeros(1.,M)
tahmini baslangig

Garilti

degerini gir y=zeros(1.L)

|I\rI degerini n déngii degiskenine aktar n=NM; |

|y_LIvIS = filter(w.1.x_in) |—-$EV“ET

t=length(y_LMS)

v_stb=y ILMS

delta=Aguhiklar arasmdaki degisim
Degiskenler k=0, i=1;

)

Stabilite araligmi gir
n=0.5

Stabilite araligmdaki
Slgiim sayisiu gir m=>5

x1=x_in(n:-1:n-M+1)
v=w*xl
HAYIR——={e =d(n) —y

w=w +mu * e * x1
n=n+1

EVET:

———={delta=abs(y_LMS(i+1) - y_LMSG)) |

EVET

HAYIR @

EVET

k=k+1

Filtre ve stabilizasyon
islemlerinin grafiklerini
gizdir

Sekil. 6. Adaptif LMS filtresi akis diyagrami

y_stb(i+2.2)=1;
v_stb(i+1.3)=y_LMS@{i+1,1):

HAYIR-

EVET

k=0;
v sth(i+1,3)=y LMS@+1,1);
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Adaptif LMS filtresinin agirlik 6l¢iim sinyalini Olcim sinyali Sekil. 7 ve Sekil 8’de arasinda
filtrelemesi sonucu olusan filtre ¢ikis sinyali ve agirlik goriilmektedir.

Olgum Sinyali ve LMS Filtre Cikisi

T | I | =

70

—0OIlgum Sinyali 5

60—

N W i [9)]
o o o o

Yumurta Agirhigr (gr)

-
o

2 2.5
Zaman (sn)
Sekil. 7. 1 ile 6 arasindaki yumurtalarin agirlik sinyali ve LMS filtre ¢ikis

Olgum Sinyali ve LMS Filtre Cikisi

80| —Olgum Sinyali
—LMSE Filtre Cikigi

—

(ar

=)

i

o)

<C 40

ra

5

Yum

55 6 8.5
Zaman (sn)

Sekil. 8. 7 ile 12 arasindaki yumurtalarin agirlik sinyali ve LMS filtre ¢ikist

Dinamik tarttim sisteminden alinan oOl¢iim degerleri ve statik halde elde edilen agirhik Ol¢iim
sinyalinin filtrelenmesi ile elde edilen sinyale kararlilik sonuglar1 Tablo. 2’de verilmistir.
islemi uygulanmasi sonucu bulunan kararli agirlik

Tablo. 2 12 adet yumurtanin statik agirlik ve kararlilik islemi sonucu elde edilen kararli agirlik degerleri

Yumurta 2 3 4 5 6 7 8 9 10 1 12
Numarasi
Statik
o 51,9 52,7 54,6 56,1 58,4 60,7 61,2 64,7 67,8 68,1 70 74,5
Agirhik (gr)
Filtre
51,8 52,7 54,8 56,1 58,3 60,6 61,2 65,0 67,7 68,1 70,0 74,5
Sonucu
4 SONUCLAR giiriiltili  agirlik  sinyalini  filtrelemek igin adaptif
filtreleme yontemlerinden olan adaptif LMS algoritmasi
Bu calismada hareket halindeki yumurtalarin kullanilmistir. Kullanilan bu algoritma ile alcak geciren
agirliklarin tartan hareketli tartim sisteminden alinan FIR filtrenin agirlik katsayilari belirlenmistir. Elde
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edilen sonuglar degerlendirildiginde uygulamada
kullanilan Adaptif LMS algoritmas: ile agirliklari
belirlenen filtrenin 6l¢iim sinyalini basart ile filtreledigi
goriilmiistiir.
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Investigation of Electrically Conductivity Properties of Asphalt Concrete with
Carbon Black According to the Increase of Mass Bitumen

Hiiseyin Akbulut' Cahit Giirer*

Abstract: Continuous increase of human population in the world and industrialization leads higher transportation
demand and especially more faster, more comfortable and uninterrupted travel in every atmosphere conditions
becomes even more important in the daily life. Snowy and icy conditions of road surfaces in winter season’s causes
interruptions on travel, heavy traffic accident hence injuries and loss of life and serious economic cost. Researches
made shows that more than 10 and 15 % of accidents happens because of bad weather conditions. Highway institutions
have been spending lots of time and money to tackle for the frosting roads. Highway institution is used different
procedures for tackling for icing such as mechanic and chemical methods. However, because of the badly effect of
chemical methods on the road structures and mechanic methods that needs numerous machines and workforce leads the
researchers to look for different tackling methods. Conductive asphalt mixture has been one of the different active
struggle methods. A conductive asphalt pavement has been produced by adding some conductive materials to the
traditional asphalt mixture. This work focuses on effect of the increase of mass of bitumen amount within the carbon
black added conductive asphalt mixtures.

Keywords: Asphalt Concrete, Carbon Black , Bitumen Film Thickness, Electrical Conductivity, Anti-icing

1 INTRODUCTION highway sections with icing. There are two different ice
control strategies: anti-icing and de-icing. They have
Text Increasing human population cause to differences in their main purposes. Conductive asphalt
increasing in travel demand, as a result uninterrupted technology is generally intended to anti-icing[2].
transportation was gained importance day to day. In the According to the Wu et al. (2002), bitumen plays
winter months, especially in cold regions, the traffic can a role as a cementation material and coats the aggregate
be interrupted due to snow and icing on the roads and and conductive material in the form of asphalt film [5].
sometimes the road can be completely closed to traffic. The strength and conductivity of asphalt mixture are
As a result, researchers are investigated for more strongly dependent on the asphalt film thickness.
effective methods to solve icing problems on road Thinner film is effective for to achieve higher
surfaces. Conductive asphalt technology can be feasible conductivity while thicker film is beneficial to produce
solution for these type problems [1, 2]. Conductive higher strength. Therefore, the bitumen film thickness is
asphalt concrete (CAC) can be defined as the mixture of an important factor for both strength and electrically
bitumen, aggregates and electrically conductive conductivity. In this study, it was focused to how the
components to obtain high electrical conductivity. The conductivity changes with the change of mass of
first attempt of making an electrically conductive road bitumen.

for deicing dates back to the 1960s. A new snow
melting/deicing technique by the application of CAC
was developed by Minsk in 1968 [3,4]. The asphalt 2 MATERIALS AND METHODS
concrete was made electrically conductive by

incorporating conductive materials within the asphalt 2.1 Materials

concrete mixture. An electric current through an In this study limestone based aggregate specimen was
electrically CAC could generate sufficient heat that was used to producing of asphalt concrete specimens. The
transferred to the pavement surface for snow aggregate specimen taken from KOLSAN Co. Chemical
melting/deicing. ice melting on the road surfaces properties of aggregate was given in Table. The 60/70
especially in critical road sections and opening to the penetration grade bitumen used as binder (ASTM D
traffic in colder months are one of the most important 946). The engineering properties of the bitumen are
issues. Using conductive asphalt concrete to melt ice on given in Table 1. Carbon black was used as the
the road’s surface is extremely important at some conductive component and also mineral filler in the
sections such as bridge, airport’s runway, hospital mixture %6 by weight. Carbon black is supplied by
junction roads, roads of garage, roads at north hilly side Ozerband Company in Afyonkarahisar.

vertical and horizontal curves of roads. So ice melting
with CAC is interesting and important research topics of
pavement engineering at recent years. When the snow
height reaches to 5 cm, it should be remove the snow
from the road surface. Otherwise, snow can become
pressed by traffic load and it turn to be ice. Also, icing
could be seen as a result of moisture and water on of the
road surface turn to ice. Traffic safety is dangerous in
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Table 1. Bitumen Properties

Properties Value Standard

Source Aliaga/Turkey | -

Penetration Grade 50/70 -

Penetration at 25 64 ASTM D5-06e¢l,

°C

Specific gravity 1.030 ASTM D70-09¢l

Softening point (°C) | 47 ASTM
D36/D36M-09

Loss on heating (%) | 2.2 ASTM D6-95

Flash point (°C) 280 ASTM D92-05a

Ductility (5 cm/min | >100 cm ASTM D113-07

at 25°C)

Viscosity at 135 °C | 0.400 Pa s

Viscosity at 165 °C 0.101 Pas ASTM D4402-06

2.2 Method

In this study 18 conductive asphalt concrete
specimens were prepared. When specimen is preparing
six different bitumen% by weighth were used as 5.5, 6.0,
6.5, 7.0, 8.0, 8.5 respectively. Electrical resistivity
measurements were performed on the specimens via two
electrode method.

Electrical resistivity measurements via two Electrode
Method

A power supply (GWINSTEK SPM-6003) and a digital
multimeter (Fluke) were employed to measure
resistivity. The electrodes made of copper sheets were
stuck to the cross profilesof a specimen by mechanic
clamb (see Figure 1). The stabilized power supply and
digital multimeter were connected to the copper
electrodes by the wires with crocodile mouth.
Subsequently, the resistances under constant voltage (20
Volt) were measured. Resistivity of specimens (p) were
calculated according to the equation 1.

CpyS
PERXT

where p = electrical resistivity (2m); L is the internal
electrode distance (m); R is the measured resistance (€2);
and S is the electrode conductive area (m2). In order to
electrode distance, specimen heigh were measured three
different point and their average heights were used as L
value [6].

Figure 1. Resistivity measurement via two electrode
method

3. FINDINGS

In order Resistivity measurements were
performed on the specimens via two electrode methods.
Currents under constant voltage were measured on
eighteen specimens with six different bitumen ratios and
the resistivity values of the specimens were calculated.
Test results were shown that the increase in bitumen film
thickness leads to decrease in conductivity specimens.
Especially in specimens where the bitumen ratio was 7.5
%, the resistivity increased significantly. Resistivity
change versus % bitumen by weight was shown in
Figure 2.

m55

m6.0

m6.0

m6.5

5555 556.0 6.06.06565657.07070757575808.0 80

[ R

m75
u8.0

% Bitumen

Figure.... Resistivity Change Versus % Bitumen by Weight
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4 CONCLUSIONS

As a result of the tests following conclusions can be
drawn: The conductivity of specimens decreases with
addition of bitumen by weights, especially in specimens
containing 7.5% bitumen. This could be a problem with
high bitumen asphalt, such as stone mastic asphalt. In
such asphalt mixtures with high bitumen percent, the use
of conductive bitumen could be solved the problem.
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Decoupled Nonlinear Control Design and Simulation of Torpedo Shaped
Autonomous Underwater Vehicles (AUVS)

Alper Yalman'™ - Aydin Yesildirek®

Abstract: In this study, different nonlinear controllers are applied to the decoupled equations of AUV in order to track
the reference values and the controlled vehicle motion is simulated using MATLAB/Simulink environment. First, the
kinematic equations are obtained using transformations between body and inertial reference frames and dynamic
equations of motion are derived by considering the hydrostatics and hydrodynamics effects. After modelling, the equations
of motion are decoupled and different controllers are applied in order to control forward speed, roll position/velocity,
depth and yaw angle by using each control variable. The feedback linearization is used to reach the desired forward
speed. In many applications, the roll states are generally neglected or used as constant but in this study the roll states
are controlled by backstepping method to make the roll position and velocity zero. Sliding mode control and cascaded
PID controllers are applied in order to control the depth and heading of the AUV. Finally, the simulation results are
demonstrated and future works are presented.

Keywords: Autonomous Underwater Vehicle, Decoupling, Feedback Linearization, Backstepping, Sliding Mode.
1 INTRODUCTION SNAME notation [9] is used to define vehicle states and

inputs as given in Table 1.
In recent years, Autonomous Underwater Vehicles

(AUVs) have gained increasing interest as they have Table 1. SNAME Notation For Marine Vehicles
many different application areas such as oil and gas DOF Forces&Moments | Velocities | Positions
industry, scientific research, oceanography and military. Surge X u X
The automatic control of AUVs is very challenging task Sway Y v y
since the dynamic model of the vehicle is highly nonlinear Heave 7 W 7
and coupled especially with the vehicle hydrodynamic Roll K p ®
coefficients that are difficult to identify [1]. Many AUV Pitch M q 0
systems are used in literature and various control Yaw N " W
techniques are applied such as PID control [2], Lyapunov
based feedback control [3], sliding mode control [4] full . .
state feedback control [5] and adaptive control [6]. 2.1 Kinematics of AUV

In this paper, speed, roll, depth and heading When studying the 6DOF motion of AUV, it is

autopilots have been presented based on feedback
linearization, backstepping, cascaded PID and sliding
mode techniques in order to control the torpedo shaped
AUV. The parameters of REMUS AUV given by Prestero
[7] are used in vehicle simulation and control system
implementation. The decoupled control design procedure
can be found in [8]. The 6 DOF linear equations of motion

convenient to define two coordinate frames which are
earth-fixed and body-fixed coordinate frames in Fig. 1.

Earth-Fixed Frame
Og

Op

can be divided into three non-interacting (or lightly Body Fixed Frame ™\ 0.
interacting) subsystems, which are speed, heading and (p,‘;jy{' NN
depth subsystems. Unlike most of the studies, the roll 4 A
dynamics of the vehicle is not neglected and included as (sway) » 2\
additional subsystem. e reth s
The paper is organized as follows. Section 2 . .
presents the kinematic and dynamic model of the AUV. Fig. 1. AUV Coordinate Frames
Control system design for each decoupled subsystem is ) . . .
described in Section 3. The simulation results are The 6 DOF kinematic equations are expressed in
demonstrated in Section 4. Finally, the conclusion and vector for'm n [8]]-( ) o
future works are given in Section 6. . _ [711] _ [ 1(72 3x3 ] Vi) _
n Up 053 J2(m2) [VZ] Jmv @)
2 MATHEMATICAL MODELLING where
n=[x vy z ¢ 6 ]T defines positions and
This section presents the motion of autonomous orientations with respect to earth-fixed frame,
underwater vehicles in 6 degrees of freedom (DOF). The v=[u v w p q r]Tdefines linear and angular
resulting model is decoupled in control system design to velocities with respect to body-fixed frame, J; (17,) and
control speed, roll, depth and heading independently. J.(n,) are the Euler angle rotation and attitude
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transformation matrices. Transformation matrices J,(1n,)
and J(n,) are

cpcd  —spce + cpsOs¢p  sPsP + cipcpso
Ji(m) = [51/)69 cpcp + spsOsy  —cysp + sBsz/)cqﬁ]
—s0 cOs¢ clco
1 s¢td copto (2)
J2(n2) = [0 cop —s¢ ]
0 s¢p/cd co/cO

The rotation matrix J;(n,) is an orthogonal matrix
which means J71(11,) = JT(11,), J.(11,) is undefined for
6 = £90°and J3*(12) # J2 ().

2.2 Dynamics of AUV

In Fossen [8], the rigid body dynamics is obtained
by Newton-Euler formulation.

MpgV + Crg(W)Vv=T+ Ty (3)
where Mg is rigid body inertia matrix, Crg(v) is matrix
of coriolis and centripetal terms, Ty is a vector that consist
of hydrostatic and hydrodynamic forces and moments and
T is a vector that includes forces and moments due to the
controlled actuators.

For an AUV, the hydrodynamic forces are due to
the added mass, damping and lift forces and moments.
The hydrostatic forces and moments are acting on the
vehicle due to the weight and buoyancy.

The generalized equations of motion for an
REMUS AUV is expressed in [8].

Myv+CW)v+Dv)v+LW)v+g(n) =1t
where
M = Myg + M; inertia matrix including added mass,
C(v) = Crg(v) + C,(v) iscoriolis and centripetal matrix
including added mass,
D (v) - hydrodynamic damping matrix,
L(v) - body and fin lift matrix,
g(m) - vector of restoring forces and moment
T — vector of controlled forces and moments.

(4)

2.2.1 Rigid Body Matrices

The 3x3 rigid body inertia matrix Mg is positive
and symmetric matrix and defined as follows:

M. = | ™ —mS(rG)]
kB mS(rg)
m 0 0 mz; —myg
0 m 0 —-mzg 0 mxg
0 0 m my; —mxg 0 (5)
- 0 —mzg myg Ix _Ixy _Ixz
mzg 0 —-mxs —L, 1, =L,
-my; mxg 0 . =1y I, J
where I, is 3x3 inertia tensor, r; = [x; y; z]" is the

position of center of gravity. The inertia tensor is selected
as diagonal and the x and y coordinates of CG are selected
as zero for simplicity in calculations.

There are more than one representations to define
Crs(v). The representation of Crz(v) in [8] is used here.

|’ 0 0 0
| 0 0 0
0 0 0
Ces™) = | in(yoq+2er)  m@ep+w)  mlzep—v) (6)
m(teq—w)  —m(zgr+xep)  mlzeq +u)
mier +v)  mOer—u)  —m(igp + veq)
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m(yeq + zg7) —m(xgq —w) —m(xgr +v)
—m(yep +w) m(zgr + x6p) —m(yer —u)
—m(zgp — v) —m(zgq +u) m(xgp +v64) |
0 - yzq - [xzp + Izr Iyzr + Ixyz7 - yq
Iyzq + [xzp - Izr 0 Ty — Ixyq + pr
—Iyzr - Ixyp + Iyq I,r + Ixyq —Lip 0

The inertia tensor will be chosen as diagonal and
the the x and y coordinates of CG will be zero in control
system design for simplicity in calculations.

2.2.2  Added Mass
Added mass is definition of the mass of the moving
water when the vehicle accelerates. The added mass

inertia matrix is given below by taking into consideration
the x-y and x-z symmetry of the vehicle.

X« 0 0 0 0 0
[0 % 0 0 Y
I 0 0 Z, 0 Z, © I @
[0 0 0 K, 0 0]
lo o M, 0 M, 0]
lo v, 0 o o nl

X, is called hydrodynamic derivative and
expressed using following formula:
0X
e =5 ®)

The added mass terms included in coriolis and
centripetal matrix are given as follows:

0 0 0 0 _a3 a2
0 0 0 a3 0 _al“
|0 0 0 =-a, o 0
() 0o -a; a 0 —b; b, | ®)
as 0 —a, by 0 —le
_az a1 0 _bz b1 0
where
a; = Xyu+ Xpv+ Xyw + Xpp + Xgq + Xpr
a, =X;u+Y,v+Y,w+ Yz-,p + qu + Yor
az =Xyut+Yyv+Zyw+Zyp+2Z,q+Zir (10)

by = Xpu+Yv+Zw+ Kip + Mpq + Nir
2.2.3  Hydrodynamic Damping
The hydrodynamic damping matrix D(v) is a real,
non-symmetrical and strictly positive matrix. In damping
matrix D(v), the terms higher than second order are
generally neglected. Thus, the damping matrix can be

written as the sum of linear and quadratic damping for x-
y and x-z symmetric AUV is Written as:

X, 0 0
0 v, 0 0 0 le

0 2, 0 Z, 0
lo o m, 0 M, 0]
lo v, 0 o o nl



Xgulul 0 0 0 0 0

|[ 0] Yomv] 0 0 0 Yo7l |
| o 0 Zuwlwl 0 Zggldl 0 |
| 0 0 0 Kp\p\lpl 0 0 |
0 0 Mwlwllwl 0 Mq\ql|‘?| 0 J

0 Nv\v\lvl 0 0 0 errllrl

2.2.4  Body and Fin Lift

Body and fin lift result from the vehicle moving
through the water at an angle of attack. The matrix that
defines the coefficients of body and fin lift forces and
moments is:

[0 0 0 0 0 0 1

IO Yuvu 0 0 0 Yuru

0 0 Zywu 0 Zy.u 0
LW==lo o 0 o 0 o0 (12)

lO 0 Myyu 0 Myqu 0

0 Nyu 0 0 0 Nyu

2.2.5  Restoring Forces and Moments
The hydrostatics terms g(n) is called restoring
forces and moments due to the gravity and buoyancy
forces acting on the vehicle. The restoring forces and
moments are defined as:

[ (W —B)s6 1

‘ —(W — B)cOs¢ '

—(W — B)cOc

9(nz) = —(yeW — yBB)(cecqb +)(ZGV(1€ — zgB)cOs¢ (13)

{ (zgW — zgB)sO + (x¢W — xgB)cOcp }

—(xgW —xpB)cOs¢p — (yoW — ypB)sé

where the x5, y5 and zz are the components of the r that
is used to define the location of buoyancy center with
respect to origin of body-fixed frame. For simplicity, the
location of CB is chosen to coincide with the body fixed
frame. Thus, the components of r; will be zero in
calculations.

3 CONTROL SYSTEM DESIGN FOR AUV

The 6-DOF equations of motion given in previous
section are decoupled to slightly interacting subsystems in
order to design control systems for the vehicle speed, roll,
depth and heading.

3.1 Forward (Surge) Speed Control

The vehicle’s forward speed dynamics can be
obtained by assuming that the other velocities are zero.
. (m - Xll)Xu u ulul (m - Xu)
= m—Xy)? -i-I rlnzz(z; (m — Xy)? + m2z§ Xprop (14)
Xprop 1S control force acting on the vehicle along x-axis
due to the propeller(s). The forward speed can be
controlled using feedback linearization. The control force

Xprop Can be chosen as follows:

1 t
Xprop = Z(—fu +uy — Kpey, — Kl-f eud‘r> (15)

where
£ = (m — X)Xy pulul _ (m — Xy) .
Yom =X +m2z2" Y (m— Xp)? + m2z2’
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The block diagram for surge speed control system
is given in Fig. 2.

“5 AUV

L

Fig. 2. Surge Speed Control System Block Diagram

ug is desired speed and e, = u—uy is speed error.
Selected control law yields to following error dynamics:
é, + K,é, + Kie,, =0 (16)

The error dynamics implies that the speed error
converges to zero for positive constants K,, and K; so the
forward speed u converges to desired speed u,. The error
dynamics also suggests that the controller gains can be
selected using the second order system properties which
are K, = 2{w, and K; = w;,.

3.2 Roll Control

In general, the roll position and velocity values are
assumed as zero and neglected in control system design.
However, the roll effect can be actively controlled using
fins, internal mass, counter rotating propellers and etc.
Here, the control system is designed for roll subsystem by
assuming that the vehicle have independent control input
Kprop- The decoupled roll dynamics are given below.

¢=p

P = fp+ bpKprop ")
where
. (1 = K3) (Kyipplpl = z659W) + (B — W) (mzgs9)
P (IX - Ki,)z + mzzé
— (Ix B zi)
p

(I, — Ky)* +m?z2
Backstepping method can be applied to control the

roll motion. In the first equation, the p is considered as a
virtual controller.
p=u.=-1¢p; 1>0 (18)

The ¢ is an asymptotically stable with the required
decay rate according to the value of A.

The second variable p is choosen to be equal to the
virtual control u, in order to ¢ to be an asymptotically
stable. The control K,,,.,,, can be designed to regulate the
following output:

Yo =P~ U =p+AiP (19)
Differentiating the y, yileds
yp =p-—uU= fp + prprop - U (20)
where
U, = —Ad = —Ap. Let us select the K, as
1 .
Kprop = E (uc - fp - ayp) (21)



Then the equation (20) becomes y, = —ay, for a >0
which  means that the y, goes exponentially

asymptotically zero as time goes to infinity. The stability
proof is given in the sense of Lyapunov. The Lyapunov
function V is selected as

1 1
=—p2+-y2 22
%4 > o+ Zyp (22)
Differentiating V yields
V=¢¢+y,y,=—21p>—ay? <0 (23)

The system is asymptotically stable and as y,

approach zero, then p goes to u,. Finally the roll control
law is obtained.

=%Cﬁp—&—a@+1@)

The roll control system block diagram is shown in
Fig. 3.

K

prop (24)

)

N/

P ¢
_’ ¢ ri e AUV |

d

by() .
JAC M

Fig. 3. Roll Control System Block Diagram

3.3 Depth Control

The nonlinear equations of motion for depth
subsystem of AUV is:

Z = —u,sinf
=4 (25)
B (Mq|q||q| + Muq)q - WzgsinH Muu55u0
- (Iy - Mr?) (1 - q)

It is assumed that the vehicle is moving with a
constant speed u,, other velocities except the longitudinal
states are zero. The depth equations are linearized and
following linear depth equation system is obtained:

10 0 Z 0 —u 0|1z 0
[o 10 ]é]: o 0 1]|8|+ 0]55 (26)
00 I,—Mllgl o -wz, M,|lg 5,

The linear system can be written in generalized
state-space form.

x = Ax + Bu
10 0 1o -u, O
A=[0 1 0 0 0 1
0 0 Iy - M, ] (27)
0 0 L, ] [Mss]
PID controller which consist of an inner

proportional and derivative (PD) pitch loop and outer
proportional depth loop will be designed.
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The first step is to find the inner loop transfer
function that defines the relation between the input stern
angle &, and output pitch angle 6. Taking derivative of 8
and substituting into the pitch velocity equation yields

(Iy = M;)8 — My6 + Wz,6 = Ms 6, (28)
The open loop transfer function G4 (s) is finally found as

M,
6(s) I, — M,
Go(s) = = r (29)
¢ 85(s) $2 _ M, s+ Wz,
Iy - Mt? Iy - Md

The transfer function between the vehicle pitch
angle 8 and the vehicle depth position z is easily written
from equation (26).

Z(s) _

G,
() = 9(5) s
The PD control law for inner pitch loop can be
written as follows:

o (30)

85(s)

EG) Kgp(rgds +1) = (Kp, + Kp,5) (31)
where
Eg(s) = 04(s) — O0(s) is the pitch error, K9p is the

proportional gain and Ky, is the derivative gain.
The control law for the outer depth loop can be
expressed using proportional gain K, .
6(s)
E,(S)
The PID controller gains can be analytically
calculated or root locus analysis using desired closed loop
pole locations. The control system block diagram for
depth and pitch motion including the position and fin
saturation limits is given in Fig. 4.

Outer Depth Loop

(32)

Pz

Fig. 4. Depth Control System Block Diagram

3.4 Heading Control

In heading control, single input multiple states
(SIMS) sliding mode control defined in [4] is used. The
nonlinear damping terms are neglected and following
linear equations of motion in lateral plane are obtained.

m-Y, —Y O]
-N, L,—N; 0 H =
0 . 0 1y P . (33)
v r (m - Xu)uo oy[v YSruO
[(m — X up + N, N, of["|+| Ns, |6~
0 1 ol LY 0

The linear lateral system can be written in
generalized form:

x=Ax+ Bu+ f(x) (34)
where
m-Y, =Y. 0] Y, Y,—mu, 0] [Ay; A O
A=| -N, I,-N; 0] mug + N, N, 0| =4y Ay o]
0 0 1 0 -1 0 0 1 0
m—Y, =Y. 0]7'[Y, B,
B=| -N, I,—N; 0| |Ns|=]|B|
0 0 1 0 0




f(x) is considered as a nonlinear function that
describes the deviation from linearity in terms of _
disturbances and unmodelled dynamics. 6]

The set of sliding surfaces based on state variable .
errors is defined. ‘

o(X) = h'% (35) >
where ¥ = x — x is the tracking error and h € R™ is a %
vector of known coefficients which are not arbitrary and 2
calculated later. The control law for the heading control 06
system is given below:

u=ua+1u (36)
where i =—Kx and # is the sliding controller.
Substituting these inputs to (34) yields ° P . o 0 = p

x=([@-BK)x+Bu+f(x)=Ax+Bu+f(x) (37) Time (s)
The gain vector K can be calculated by pole Fig. 6. Forward Speed Step Response, u; = 1.54 m/s
placement specifying the closed loop state matrix A.. The
nonlinear part i is selected as:

@ = (h"B)™ (h"iq — hTf(x) —nsgn(@)),n >0  (38) " Depiy Commns
f(x) is the estimate of f(x). The vector of h can be '
chosen as the right eigenvector of AT for the eigenvalue r
A = 0. The sliding dynamics finally reduces to st
¢ =-nsgn(e) +h'f; f=f—F  (39) £ 10l
The Lyapunov function candidate can be chosen as 8 4l

energy like function and differentiation the Lyapunov
function yields .

V = 0.502 |

. o (40) 2

V =06 =-nlo| +oh"f o
Selecting the n according to condition n > ||h]| - 0 0 = % 0 % &

Time (s)

[1f]] ensures that V < 0 and o converges to zero in finite Fig. 7. Depth Step Response, z; = 15 m

time. In implementation, sgn(o) is replaced with
tanh(a/¢) in order to remove chattering and
discontinuities. Here the parameter ¢ is called the sliding ..
surface boundary layer thickness. Finally, the followin — Roll Angls
control law for h)tlaad)i/ng system is obtainez: ’
u= —Kx + (h"B)"'[h"x, — h"f(x) — n tanh(c/9)] (41)
The control system block diagram for heading
subsystem is given in Fig. 5.
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~ ntanh(a/$))

2]
=]

AUV

Roll Angle (deg) and Velocity (deg/s)
=

s
=]

x

o
=]
=

K | : 1 2 3 4 5 6 7 8 9 10
Time (s)

Fig. 8. Roll Motion Response, ¢, = 30°

Fig. 5. Heading Control System Block Diagram
4 SIMULATION RESULTS

Decoupled subsystems and controllers obtained in
previous sections are implemented in MATLAB
/Simulink using the parameters of REMUS AUV in [7].

Forward speed u of the vehicle is 1.54 m/s for
REMUS. The initial condition of roll angle is set to 30°.
Desired depth value is z; = 15 m and heading angle is
Y, = 30°. The simulation results are given below.
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Fig. 9. Yaw Position Step Response, y; = 30°

Simulation results show that controllers are
working properly for the REMUS AUV simulation
model.

5 CONCLUSIONS AND FUTURE WORKS

In this study, decoupled control design for torpedo
shaped AUVs has been examined. The dynamic equations
are decoupled in order to control speed, roll, depth and
heading states of the vehicle. Feedback linearization
method is used to control the forward speed. The roll
effect is not neglected here and backstepping method is
applied to stabilize the roll motion. The depth of the
vehicle is controlled using cascaded proportional and
proportional-derivate controller. Single input multiple
states (SIMS) sliding mode controller is designed to reach
the desired heading angle. Simulation results obtained by
MATLAB/Simulink environment have been reported.
The simulation results show that designing independent
controllers for decoupled systems gives successful results.
Adaptive controllers will be designed and implemented in
the next study since the hydrodynamic coefficients are
difficult to measure. State estimators will also be
proposed in order to obtain unmeasured states of the
vehicle and disturbances due to the subsea environment.
Outputs of this study will be implemented and tested on
TORK system, an anti-torpedo torpedo system developed
by ASELSAN Inc., Turkey.
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Finsler Geometri Tabanh Riizgar Hizi Modellemesi icin Yeni Bir Metrik
Tanmmlama

Emrah DOKUR!,” Salim CEYHAN? , Mehmet KURBAN?®

Ozet: Dogayr anlamak amaciyla diiz olmayan uzaylar icerisinde geometri insa etmek uygulamali bilimler agisindan

biiyiik onem arz etmektedir.

Finsler geometrisi de bu uygulama alani icerisinde hassas bir yaklasim ile asimetrik

yapilarda modelleme ve tanimlama yetenegini bizlere getirmektedir. Bu ¢alismada 2-boyutlu Finsler uzaylarinin metrik
fonksiyonu, riizgar hizi modellemesi gibi bir ¢ok uygulama alaminda kullanilan iki parametreli Weibull dagilimi igin
elde edilmistir. Sekil (k) ve dlgek (c) parametrelerine sahip olan Weibull olasilik dagilim fonksiyonuna Finsler
geometrisi ile farkl bir yaklagim getirilerek 2-boyutlu Finsler uzaymda metrik tanimlamas: ger¢eklestirilmistir. Gelecek
calismalara 151k tutmast agisindan bu yeni yaklasim ile ozellikle bir bolgenin riizgar enerji potansiyelinin
belirlenmesinde kullanilan iki parametreli Weibull olasilik dagilim fonksiyonunu iceren daha hassas modellerin

olusturulabilmesi hedeflenmektedir.

Anahtar Kelimeler: Finsler Geometri, Geodezik, Iki Parametreli Weibull Dagilima.

1. GIRiS

Iki parametreli Weibull dagilim fonksiyonu,
mekanik, biosistem, niikleer ve enerji sistemleri
mithendisligi  gibi birgok uygulamali bilim alaninda
giivenirlilik analizi, sagkalim analizi ve modelleme gibi
farkli amaglar dogrultusunda en sik kullanilan dagilim
fonksiyonlar1 arasinda yer almaktadir [1-6]. Literatiir
caligmalarinda iki parametreli Weibull dagiliminin
diinya tzerinde farkli bdolgeler icin  riizgar enerji
potansiyelini belirlemede agirlikli olarak  kullanildigi
goriilmektedir [7-14]. Yontemin bu uygulama alaninda
kullanilma nedeni, riizgar dagilimima ¢ok iyi uymasi,
dagilimin esnek bir yapiya sahip olmasi, parametre
sayisinin az olmasi, parametrelerin bir gozlem yiiksekligi
icin belirlenmesinin ardindan farkli gézlem yiikseklikleri
icin tahmin edilebilmesi gibi faktorlerdir. Bir bolgeye
rliizgar enerjisi doniistiirme sistemi kurulmadan once o
bolgenin riizgar hizi potansiyelinin belirlenmesi ve
modellenmesi gerekmektedir. Bu amag¢ dogrultusunda
da, bolgenin geemis riizgar hizi frekans dagilimina
bakilip iki parametreli Weibull dagilimi ile yapilan
modellemede ki en Onemli problem, fonksiyon
parametrelerinin en hassas dogrulukta tahmin edilerek en
uygun modelin kurulabilmesidir. Bu amag¢ dogrultusunda
literatiirde istatistiksel ve ampirik bir ¢ok farkh
parametre tahmin metotlar1 gelistirilmigtir [15-19].
Riizgar hizinin dogru modellenebilmesi igin Weibull
dagilimi disinda Rayleigh, Lognormal, Gamma, Burr ve
benzeri  farkli  fonksiyon yapilart  gelistirilerek
modellemelerin yapildig1 gortilebilir [20-22]. Dogru ve
hassas bir model yapisinin gelistirilebilmesi amaci ile
yeni bir dagilim fonksiyonu yapisinin belirlenmesi farkli
bolgelere ait riizgar hizt modellemesi ve diger gergek
diinya problemleri i¢in dnem teskil etmektedir.

Riizgar hizi ve benzeri dagilimlarin simetrik
olmayan ve kararsiz bir karaktere sahip olmast
modelleme konusunda da birgok zorlugu beraberinde
getirmektedir.  Bu kapsamda  Finsler geometrisi,
asimetrik ve/veya izotropik olmayan fiziksel olgular
modellemek icin en iyi bilinen Riemann geometrisine
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gore ¢ok daha giigli bir yontem olarak karsimiza
¢ikmaktadir [23-26].

Geodezikleri iki parametreli egri ailesi olan iki
boyutlu bir Finsler uzayinda Finsler metrik fonksiyonu
M. Matsumoto tarafindan elde edilmistir [27-29]. Bu
calismada iki parametreli egri ailesine sahip olan
Weibull dagilim fonksiyonundan elde edilen negatif
olmayan reel sayilarda tanimli farkli n parametrelerine
bagli cesitli Finsler metrikleri elde edilmistir. Bu
caligmada elde edilen Finsler metriklerine ait
geodeziklerin hesabi verilmistir.  Ikinci bélimde iki
parametreli Weibull dagilim fonksiyon yapis1 ele
aliirken, tcilincii boliimde Finsler metrik tanimi ve iki
parametreli egri aileleri ig¢in Finsler metriginin elde
edilmesi adim adim gosterilmis olup iki parametreli egri
ailesine sahip olan Weibull dagilimi i¢in tanimlamalar
yapilmigtir.

2. IKI-PARAMETRELI WEIBULL DAGILIMI

Riizgar hiz1 frekans egrisinin belirlenmesinde bir
¢ok farkli yontem bulunmaktadir. Literatiir de enerjisi
potansiyeli hesaplanmasinda en yaygin kullanilan
yaklagim iki parametreli Weibull dagilimidir. Weibull
dagilimmnin genel formu Denklem 1 'de verilmistir.

f(v) = %G] o M)

seklindedir. Burada olasilik yogunluk fonksiyonu
olan f (v), riizgar hizinin (v) gozlemlenme olasiligini
gostermektedir. k ve c ise swrasiyla iki parametreli
Weibull dagiliminin sekil ve dlgek parametrelerini ifade
eder. Literatiir ¢aligmalarma bakildiginda, riizgarin
mevcut dagilimina gore k sekil parametresi 1.2 ile 2.75

araliginda degistigi goriilmektedir. Weibull dagiliminin

kiimiilatif olasilik fonksiyonu ise Denklem 2' de
verilmigtir.
F(v) :1—e_(5) . @)



seklindedir. Weibull kiimilatif dagilim fonksiyonu,
riizgar hizinin, belli bir v degerinden kiigiik ya da esit
gergeklesme olasiligini verir.

3. IKi-PARAMETRELIi WEIBULL DAGILIMI
TABANLI FINSLER METRIiK HESABI

Sekil (k) ve dlgek (c) parametrelerine sahip olan
iki parametreli Weibull dagilim fonksiyonlarina ait iki
boyutlu Finsler uzayinda farkli Finsler metrikleri ve
iligskili geodezikleri belirlemek amaci ile asagidaki
hesaplamalar yapilmistir.

Iki parametreli egri aileleri

y=f(xab) 3

esitlik 3 ile verilir. Bu esitlik ile verilen (x,y) diizleminde
C(a,b) egri ailesini ele alalm. Oncelikli amacimiz,
F?= (]Rz, L(x,y; x,y) iki boyutlu Finsler uzayimin nasil
bulunacagim gostermektir. Bu sorunun ¢éziimiine iliskin

Darboux'un metodu ¢alismamizda ele alinmustir.
Ilk olarak Esitlik 3'den;

2(=

elde edilir ve 3-4 esitliklerinden x, y ve z'nin
fonksiyonlar1 olarak a ve b'nin ¢oziimleri asagidaki gibi
olur.

y')=f.(xab), 4)

a=a(xy,z), b=pKXy,2). ©)
Daha sonra,
7=f (%a p)=uxyz2), (6)

ifadesi, C(a,b) iki parametreli egri ailesini karakterize
eden y'nin ikinci mertebeden diferansiyel denklemidir.
F? Finsler uzayinda (x*,x?) ve (y',y?)yerine, sirastyla,
(xy) ve (X,¥)=(p,q) kullanacagiz. Buna gore C(a,b)
egrisinin s yay uzunlugunun diferansiyeli

dx dy

ds=L(xy;%y)dt (X Y) =(— —)

dt ' dt 0

X > Ovarsayarak, ds= L(x, 1, ij dt olur. Buna gore
X

gy

y =
dX | semboliinii kullanarak

ds=A(x,y,y)dx, 8)

elde edilir. Buradan
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A(xY.Y)=L(xy:Ly") ©
iligkisi elde edilir. Tersine olarak A'dan L'de
L(x ;% ¥)= A(x, y,—¥) X. (10)
X
iliskiside gortilebilir.
Geodezik, bir egri boyunca hesaplanan

t
s:JL(x, y; X, y)dt uzunluk integralini minimum yapan
tD

egridir ve
% +2G' (X, y;%,9) =0 (11)
Euler denkleminden elde edilir. Burada
: 1, &*F , oF
G (x,y;x,y)==¢g" : o 12
(xyi%y)=74 {axjay.y ax'} (12)
seklinde tanimlanan spray katsayilari ve
2 e\

Foxy: %) = %Y%) gindler metrigini ifade eder.
Geodezikleri veren Euler denkleminin  Rashevsky
formunu ele alirsak
ALY +AY+A, -A =0z=Y" (13)
esitligi  yazilir. Burada A(x,y,z) iliskili temel

fonksiyondur ve Esitlik X 'de tanimlanmuistir.
Darboux'un teoremine gore genel temel metrik tanimi
[27];

AKX,Y,2) = jo (-t H(t, y- ) dt+zE, +E, (14)
seklinde verilmistir. Burada H(a, f)ve E(xy) keyfi

olarak segilebilir. Matsumoto'nun ¢alismasinda temel
metrik fonksiyonu bir bagka formda Esitlik 38'de

L(X, Y, X, Y) = X j: (z- ) H(t, y— tX) dt+XE, + VE, . (15)
seklinde verilmistir [28].

Simdi

F(v) 1ol , (16)

seklinde tanimlanan iki parametreli Weibull kiimiilatif
fonksiyonunu ele alarak;

C(k,c):y="f(v;k,c)

iki parametreli bir egri ailesi tanimlayalim.
Verilen egri ailesi dogrusal olmasi durumunda
gerekli bazi biiyiikliikler asagidaki gibi elde edilir [28].

a=1,=y-x,U =1V =1



iki parametreli Weibull kiimiilatif fonksiyonunun

dogrusal hali

y = log[—log(1— F(v))] =k log (17)
c

=k x-klogc.

seklinde elde edilir.

Iki parametreli Weibull dagilimina sahip egri

aileleri i¢in H(a, ) ve E(x,y) fonksiyonlarmin keyfi
secimlerine bagli olarak farkli Finsler metrikleri ve
iligkili geodezikler bir sonraki boliimde ele almmustir.
Iki parametreli Weibull dagilimi i¢in metrik fonksiyonu
Esitlik 15'de H(a, ) =" secimiyle n keyfi negatif
olmayan reel sayilar i¢in farkli Finsler metrikleri elde
edilecektir. Bunun icin Esitlik 15'de
H(z,y—zx) =" =(y—2x)" ve E =sabit se¢imi ile iki
parametreli Weibull dagilimina ait metrik fonksiyonu;

. . \(k+2)
o y(n+2)x n n+2 Xy
L(X,y,X,Y) = E - .
% y.%.9) x> &lk+2 yX

(18)

formunda elde edilir. Elde edilen fonksiyonun Finsler
metrigi kosullarini sagladigi kolayca goriilebilir.

4. SONUC

Iki parametreli Weibull dagilimi gergek diinya
problemlerinde lineer olmayan yapilar i¢in modelleme
imkanin1 bizlere sunmaktadir. Simetrik olmayan ve
kararsiz bir karaktere sahip olan riizgar hizt modelleri de
bu gergek diinya problemlerinden biri olarak karsimiza
¢ikmaktadir. Bu kapsamda Finsler geometri asimetrik
ve / veya izotropik olmayan fiziksel olgulari modelleme
kabiliyetini bu dagilim iizerinde uygulanmasi hassas bir
modellemeyi de beraberinde getirecektir. Bu sebeple
yapilan bu calisma kapsaminda iki parametreli egri
ailesine sahip olan Weibull dagilim fonksiyonuna ait
Finsler metrikleri elde edilmistir.

iki parametreli Weibull dagilim fonksiyonlari
ailesine ait Finsler metriginin elde edilmesi i¢in keyfi
fonksiyon H(z,y—zx) =" seklinde segilmistir. Elde
edilen Finsler metrigi ile gelecek caligmalarda yeni bir
model dnerimi ve riizgar hiz1 modellemesinde kullanimi
iizerine aragtirmalarin yapilabilecegi dngoriilmektedir.
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Iki Parametreli Ters Weibull Dagiliminin Riizgar Hiz1 Modellemesinde
Kullanimi

Emrah DOKUR!,” Salim CEYHAN? , Mehmet KURBAN?®

Ozet: Bir bolgeye riizgar enerjisi doniistirme sistemi kurulmadan énce o bolgenin riizgar enerji potansivelinin
modellenmesi ve analiz edilmesi gerekmektedir. Riizgar hizi ve benzeri dagilimlarin simetrik olmayan ve kararsiz bir
karaktere sahip olmasi modelleme konusunda da bir¢ok zorlugu beraberinde getirmektedir. Bu kapsamda literatiirde
Lognormal, Gamma, Burr, Rayleigh ve Weibull dagilim fonksiyonlar: riizgar hizi modellemesinde siklikla kullanilan
fonksiyon yapilart olarak karsimiza ¢ikmaktadw. Yapilan son donem ¢alismalarinda iki parametreli Ters Weibull
dagiliminin da riizgar hizi modellerinde kullanilabilecegi nerilmektedir.

Bu ¢alismada, Devlet Meteoroloji Isleri Genel Miidiirliigii'niin Ekim 2015-Eylil 2016 yili

Keban meteoroloji

istasyonunda 10 metre yiikseklikte dlgiilen saatlik ortalama riizgar hizi verileri kullanilarak, Keban bélgesi riizgar hizi
karakteristigi istatistiksel olarak analiz edilmistir. Bolgenin riizgar hizi potansiyeli arastirmasinda iki parametreli Ters
Weibull dagilimi kullamilmistir. Bu kapsamda Ters Weibull fonksiyonunda yer alan sekil parametresi k, olgek
parametresi ¢, en yiiksek olabilirlik yontemi ile hesaplanmis olup tiim analizler Matlab (Matrix Laboratory) yazilim
ortaminda gergeklestirilmistir. Aylik yillik ve mevsimsel olarak riizgar hizlart Ters Weibull dagilimina gore istatistiksel
olarak modellenmistir. Yine modelin dogrulugu performans kriteri olarak secilen RMSE (Root Mean Square Error) ile

hesaplanarak gosterilmigtir.

Anahtar Kelimeler: Riizgar Hizi Modellemesi, Ters Weibull Dagilimi, Parametre Tahmini.

1. GIRIS

Giiniimiizde enerji ihtiyacina paralel olarak hizla
artan enerji iretiminin yapisi, planlanmasi verimliligi
yaninda c¢evreye olan etkisi de aragtirma ve calisma
alanlar1 arasinda yer almaktadir. Bu kapsamda, fosil
yakitlarin ¢evreye olan zarari ile birlikte, elektrik
enerjisinin temiz enerji  kaynaklar1 ile {iretimi
yenilenebilir enerji kaynaklarinin kullanim oranini hizla
artirmaktadir.

Yenilenebilir enerji kaynaklari arasinda yer alan
riizgar enerjisinin kullanimi1 da iilkemizde ve diinyada
hizla artmaktadir.  Elektrik {retiminde yenilenebilir
enerji payinin 2020 yilina kadar % 20'ye ulagsmasi ve bu
yenilenebilir enerjinin ana boliimiiniin riizgar enerjisine
tahsis edildigi ve bu degerin % 12 olmasi gerektigi
ongoriilmektedir [1].

Riizgar enerjisi doniistiirme sistemleri bir bolgeye
tesis edilmeden oOnce o Dbodlgenin riizgar hiz1
karakteristigini bilinmesi  ve  modellenmesi
gerekmektedir. Bu kapsamda riizgar hizi modellemesi
igin literatiirde bir ¢ok farkli yaklasim mevcuttur. Log
normal dagilimi, Ters Gauss dagilimi, ii¢ parametreli
Log normal dagilimi, Gamma dagilimi, ii¢ parametreli
genellestirilmis  Gamma  dagihmi, iki-parametreli
Weibull dagilimi, Rayleigh dagilim1 ve benzeri bir ¢ok
dagillm  yontemi rizgar hizi  modellemesinde
kullanilmaktadir [2-18].

Ters Weibull dagilim ise literatiirde, Akgiil ve
arkadaglar1  tarafindan  mevsimsel rizgar hizi
modellemesi igin kullanilmistir. Yapilan analizlerde
Bursa ve Sakarya bdlgeleri i¢in mevsimsel olarak
modellemeler yapilmstir [19].

Bu calismada ise, Ters Weibull dagilim
kullanilarak sadece mevsimsel anlamda degil aym
zamanda aylik bazda da Ters Weibull dagiliminin, iki-
parametreli Weibull dagilimima ve Rayleigh dagilimina
gore performansi, Devlet Meteoroloji Isleri Genel
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Midirliigi’'niin  Ekim 2015-Eyliil 2016 yili  Keban
meteoroloji istasyonunda 10 metre yiikseklikte Olgiilen
saatlik ortalama riizgar hizi verileri lizerinden analiz
edilecektir.

Calismanin  ikinci bolimiinde iki-parametreli
Weibull dagilimi, Ters Weibull dagilim1 ve Rayleigh
dagilimlar1 ele alinacaktir. Ugiincii boliimde ise riizgar
verileri ve yapilan analiz sonuglar1 gosterilecek olup son
boliimde sonuglar karsilagtirmali analizlerle verilecektir.

2. METOTLAR

Bu bolimde iki-parametreli  Weibull, Ters
Weibull ve Rayleigh dagilim fonksiyonlarinin yapisi ele
alinacaktir. Ayn1 zamanda bu dagilim fonksiyonlarinin
uygun modelleme yapisinda kullanilabilmesinin en
biiyiik zorlugu parametrelerinin hassas bir sekilde tahmin
edilebilinmesidir. Bu kapsamda da en yiiksek olabilirlik
metodu tim dagilim fonksiyonlarinin parametre
kestirimi i¢in kullanim1 gosterilecektir.

Riizgar hiz1 frekans egrisinin belirlenmesinde bir
¢ok farkli yontem bulunmaktadir. Literatiir de riizgar
enerjisi  potansiyeli hesaplanmasinda en yaygm
kullanilan yaklasim iki parametreli Weibull dagilimidir.

Weibull dagilimmin genel formu Esitlik (1) 'de
verilmistir.
k-1 k
k(v &
f(v)=—(—j ) (1)
c\cC

seklindedir. Burada olasilik yogunluk fonksiyonu olan f
(v), rizgar hizimin (v) gozlemlenme olasiligim
gostermektedir. k ve c ise swrasiyla iki parametreli
Weibull dagilimimnin sekil ve 6lgek parametrelerini ifade
eder. Literatiir calismalarina bakildiginda, rlizgarin
mevcut dagilimina gore k sekil parametresi 1.2 ile 2.75

araliginda degistigi goriilmektedir. Weibull dagiliminin



kiimiilatif olasilik fonksiyonu
verilmistir.

ise Esitlik (2) de

F(v)=1-e (J . 2
seklindedir. Weibull kiimiilatif dagilim fonksiyonu,
riizgar hizinin, belli bir v degerinden kiigiik ya da esit
gergeklesme olasiligini verir.

Riizgar hizi potansiyelinin belirlenmesinde
kullanilan diger bir dagilim fonksiyonu, dagilimin
boyutsuz sekil faktoriiniin sabit bir degere (k = 2) sahip
oldugu basitlestirilmis bir Weibull dagilim fonksiyonu
durumunda olan Rayleigh dagilim fonksiyonudur.

Akgiil ve arkadaglar1 tarafindan mevsimsel riizgar
hiz1t modellemesinde kullanilan Ters Weibull dagiliminin
olasilik ve kiimiilatif olasilik yogunluk fonksiyonlar
Esitlik (3)'de verilmistir[19].

oW =S e @3
c C
ve
Fuo=e @ @

Sekil (k) ve dlgek (c) parametrelerinin kestirimi
i¢in literatiirde grafik, en yiiksek olabilirlik, ampirik, gii¢
dagilimi gibi bir ¢ok farkli metot 6nerilmistir [20-23].

ki parametreli Weibull dagilimi igin sekil ve
Olgek parametrelerinin hesabi, n riizgar hizinin sayisi

olmak lizere, Esitlik (5,6)'da gosterilmistir.
1

Doviin(vy)  >lInv,)
k = i=1 - _ = (5)
S "
i=1 I
n 1/k
2 W)
c=|=— (6)
2V
i=1
Ters Weibull dagilimi igin  sekil ve 0Olgek
parametrelerinin hesabi Esitlik (7,8)'de gosterilmistir.
ny v*
k: n n = n (7)
DIy, > v —n> v Iny,
i=1 i=1 i=1
1/k
c=| o ®)
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Analizlerin hata performans kriteri Esitlik (9)
gosterilen hatalarin karelerinin ortalamasinin karekoki
olan RMSE ile gosterilmistir.

RMSE —,/%i(yi—xi)z

Burada n, gozlem sayist y;, gercek degerler
olmak {iizere, x; ise Weibull dagilimi ile hesaplanan
degerleri gostermektedir.

Bu c¢aligmada gerek metotlarin parametre
tahminleri gerekse modellerin hata performans kriterleri
MATLAB (MATrix LABoratory) yazilim ortaminda
gergeklestirilmistir.

©)

3. KARSILASTIRMALI RUZGAR  HIZI
POTANSIYEL ANALIZI
Bir bolgeye riizgar enerjisi  dOniistiirme

sisteminin kurulumunda mevcut ve gelecekteki riizgar
potansiyeli olduk¢a 6nemlidir. Bu sebepten dagilimin
parametre tahmin degerlerinin aylik donemi g¢aligilmali
ve model performans kriterlerine gére en uygun model
secimi yapilmalidir. Bu g¢aligmada da Elazig ili Keban
ilcesi Ekim 2015- Eylil 2016 riizgar hizi verileri
kullanilarak bolgenin aylik ve mevsimsel modellemesi
iki-parametreli Weibull (WD), Ters Weibull (TWD) ve
Rayleigh dagilim (RD) fonksiyonlar1 kullanilarak
kargilagtirmali olarak analiz edilmistir. Tablo 1 ve Sekil
1'de riizgar hiz1 verilerinin alindig1 istasyona ait cografik
bilgiler gosterilmistir.

Tablol. Riizgar Hiza Veri Istasyonunun Cografik Bilgileri

istasyon Enlem Boylam Rakim Riizgar Hiz1
stasyo K) (D) (m) Periyodu
Keban 38°47 38°44' 816 Ekim 2015-Eyliil 2016

Keban Istasyon F

N\
¢S
l z
¢ \,)J,h,
i \
% )
\
A Y_,"’ﬁ
[Keban Laasyom (’
1
‘ ]
* L\}
} e %
o 1) A 4
& ¢ S N }
) 7 L

Sekill. Riizgar hiz1 veri istasyonun Tiirkiye'de ki konumu

Sekil ve olgek parametrelerinin aylara gore
degisimi ve {i¢ farkli modelle bulunan analiz sonuglar
Tablo 2'de gosterilmistir.



Performans kriteri olarak secilen Esitlik (9) ile
verilmis RMSE degerine gore aylik bazli karsilagtirma
yapildiginda iki-parametreli Weibull dagilimm diger
metotlara gore modelleme i¢in daha uygun olacag
goriilebilir.

Tablo2. Kargilagtirmali Aylik Bazli Analiz Sonuglari

Keban
Aylar Metotlar K c RMSE
WD 1.1334 1.9295 0.0517
Ocak TWD 0.8336 1.6737  0.1050
RD 2.000 1.7622  0.1107
WD 1.1948 15699  0.0606
Subat TWD 0.8510 14412  0.1225
RD 2.000 1.3921  0.1477
WD 1.2001 2.3464 0.0551
Mart TWD 0.8451 1.7763  0.0909
RD 2.000 2.0111 0.1080
WD 13366  2.3178  0.0560
Nisan TWD 0.8311 1.7280  0.0897
RD 2.000 19101  0.0877
WD 15218 2.3480  0.0431
Mayis TWD 0.8495 1.6067  0.0789
RD 2.000 1.8066  0.0843
WD 1.4355 27111 0.0447
Haziran TWD 0.8229 1.9143 0.0709
RD 2.000 2.1567  0.0608
WD 1.5464 2.9870 0.0414
Temmuz TWD 0.8344 1.9311 0.0727
RD 2.000 22904  0.0534
WD 1.7677 2.2464 0.0489
Agustos TWD 0.8634 1.3975  0.1059
RD 2.000 1.6379  0.1115
WD 1.3707 2.7030  0.0580
Eyliil TWD 0.8226 1.9727 0.0782
RD 2.000 2.2231 0.0459
WD 1.1586 1.0891  0.1504
Ekim TWD 0.9447 0.8763  0.2515
RD 2.000 0.9569  0.2889
WD 0.9441 1.7177 0.1119
Kasim TWD 0.8517 1.5308 0.1888
RD 2.000 1.7728  0.2178
WD 0.9441 1.7177 0.1119
Aralik TWD 0.8675 1.4069  0.1866
RD 2.000 1.7728 0.2178

Ayni sekilde mevsimsel analizler i¢in bulunan
sonuglar, Tablo 3'de incelendiginde iki parametreli
Weibull dagiliminin performans kriteri olan RMSE
degerleri de dikkate alindiginda Keban istasyonundan
alinan riizgar hiz1 verileri i¢in daha uygun bir modelleme
imkanin1  bizlere  sunacagi  analizler 15131inda
sOylenebilinir.

Ozellikle yapilan aylik ve mevsimsel analizler
sonucunda, Akgiil ve arkadaslar1 tarafindan mevsimsel
rizgar hizi modellemelerinde Onerilen Ters Weibull
dagilimmnin  Keban veri seti dikkate alindiginda,
Rayleigh dagilimma gore sadece Kis ve Ilkbahar
mevsimlerinde daha iyi bir sonug verdigi buna karsin iki-
parametreli Weibull dagilimina gore ise hata performans
kriterinin hem aylik hem de mevsimsel bazda yiiksek
oldugu goriilmektedir.

Tablo3. Karsilastirmali Mevsimsel Bazli Analiz Sonuglari
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Keban
Mevsimler Methods K RMSE
WD 1.0838 1.6533 0.0421
Kis TWD 0.8345 1.8624 0.1260
RD 2.000 1.5623 0.1310
WD 1.3399 2.3411 0.0308
ilkbahar TWD 0.8309 19954  0.0719
RD 2.000 1.9095 0.0744
WD 1.6455 2.3773 0.0565
Yaz TWD 0.8344 1.9311 0.0858
RD 2.000 1.7882 0.0624
WD 1.0919 1.9570 0.0511
Sonbahar TWD 0.8224 2.0634 0.1081
RD 2.000 1.8407 0.1073
Analiz sonuglarin1 grafiksel yorumu 6rnek

olarak alinan Nisan 2016 yilina ait veriler tizerinden
Sekil 2'de gosterilmistir. Burada iki-parametreli Weibull
dagilimin riizgar hizi verilerinin olasilik ve kiimiilatif
olasilik yogunluk fonksiyonlarina daha iyi uyum
sagladign goriilmektedir. Ozellikle Rayleigh dagilim
fonksiyonu da verinin sik goriildiigii olasiliklardaki agim
noktalarin1 modellemede basarili oldugu goriilebilinir.

Olasiik Yogunluk Fonksiyonu
0.5 T T T T

Sekil 2. Nisan 2016 y1l1 6rnek riizgar hizi analiz sonuglari
4. SONUC

Riizgar hiz1 modellemesi icin literatiirde bir ¢ok
farklt metot kullanilmistir. Ters Weibull dagilimi da
mevsimsel riizgar hizi modellemesi i¢in literatiirde yeni
Onerilen  fonksiyonlardan biri olarak  karsimza
¢tkmaktadir. Bu c¢alismada Ekim 2015- Eylil 20166
yillarina ait 10 m ylikseklikte saatlik olarak olgiilen
riizgar hizi  verileri Devlet Meteoroloji  Isleri
Midirligiinin =~ Keban  Meteoroloji  istasyonundan
saglanarak bolgenin riizgar hizlarinin esme saatlerinin
iki-parametreli  Weibull, Ters Weibull ve Rayleigh
fonksiyonlarma uyumu arastirilmigtir. Bu  uyum
arastirilirken dagilim fonksiyonlarinin sekil ve olgek



parametreleri en yiliksek olabilirlik yontemleri ile iki
farkli metotta Matlab yazilim ortaminda hesaplanmistir.

Yapilan analizler sonucunda gerek aylik gerekse
mevsimsel  analizlerde  iki-parametreli ~ Weibull
dagiliminin hata performans kriterinin en az oldugu
gozlemlenmistir. Ters Weibull dagilim fonksiyonun ise
sadece kig ve ilkbahar mevsimleri hari¢ diger tim
analizlerde performans hata kriterlerinin diger metotlara
gore yiiksek oldugu gozlemlenmistir.

Yapilan caligmalarin siirdiiriilerek 6lgiimlerin
farkli bolgelerde ve yiiksekliklerde uzun donemli
alinarak tiim bolgenin detayli arastirilmasi, bdlge
ozelliklerinin ¢ikarilmasi1 ve maliyet analizi yapilmasi
sonucunda daha dogru ve kesin degerlendirmeler
yapilabilecegi aciktir. Bolgemizin yenilenebilir enerji
potansiyelinin  belirlenmesi  ve  degerlendirilmesi
konusunda tarafimizca yapilan calismalar devam
edecektir. Ulkemizde bu tiir enerji kaynaklaria yonelimi
hizlandiracak benzer caligmalarin yapilmasi ve iiretime
katilmas1 gelecegimiz icin biiyiik onem tagimaktadir.
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iki Farkh Cozeltide Anodik Oksidasyon Uygulanmus Ti6Al4V Alasiminin
Elektrokimyasal Korozyon Davramsinin incelenmesi

Yusuf Kayahl’*, Siikrii Talasz, CeylanTa§k1n3,

Ozet: Bu calismada, 216 mm capinda ve 6 mm kalinhiginda Ti6AI4V alasimi (Grade 5) numune kullandmistir.
Yiizeyleri metalografik olarak hazirlanan numuneler ultrasonik banyoda alkol ile temizlenerek yiizey igslemine uygun
hale getirilmislerdir. Anodik oksidasyon islemi icin elektrolit olarak 0,15 M Hidroflorik asit ve %0.3 NH,F ve %2 H,O
iceren Etilen Glikol ¢ozeltileri kullanilmis ve iglemler 2 farkli voltaj seviyesi (20 V ve 120 V) ve 60 dakika oksidasyon
siiresinde gerceklestirilmistir. Elektrokimyasal korozyon deneyleri SBF (simule Body Fluid) ¢ozeltisinde 1 saat
bekletme siiresinde gerceklestirilmistir. Anodik oksidasyon islemi wuygulanan numunelerin Yyiizeyinin korozyon
ozelliklerinin belirlenmesi igcin Potansiyostat, X-isinlart ve Taramali elektron mikroskobu (SEM) kullamilmistir.
Taramali elektron mikroskobu Ti6Al4V alasim yiizeyinde Etilen Glikol (EG) ¢ozeltisinde nano tiip formunda oksitlerin,
0,15 M Hidroflorik asit (HF) ¢ozeltisinde ise gozenekli oksitlerin olustugu gozlenmistir. Elektrokimyasal deneyler
sonucunda, uygulanan voltajin artmastyla, SBF ¢ozeltisinde numunelerin korozyon direncinin azaldig tespit edilmistir.

Anahtar Kelimeler: Ti6A/4V alasimi, Anodik oksidasyon, SBF, Elektrokimyasal korozyon

1 GiRiS Bu calismada, kimyasal kompozisyonu Tablo
1I’de verilen Ti6Al4V (Grade2) kullanilmustir. Yiizey

Titanyum ve alasgimlarinin diger metalik islemlerinden 6nce @10 mm c¢apinda, 15 mm

malzemelerle kiyaslandiginda disiik agirhk  gibi kalinhiginda islenen deney numuneleri 600, 800, 1000 ve

mekanik o©zellikleri, yiiksek biotolerans ve yiiksek 1200 mesh SiC zimparalar ile kaba parlatmaya tabi

korozyon direncinden dolay: 6zellikle saglik sektoriiniin tutulmus ve yiizey alkolle kurutulmustur.

dis ve ortopodik alanlarinda sik¢a kullanilmaktadir [1].

Atmosfere maruz birakildifinda Ti yiizeyinde ince, Tablo 1. Ti6Al4V alasimmin (%) kimyasal

yogun, koruyucu bir oksit tabakasi (1,5-10nm kalinlikta bilesimleri

ozellikle TiO,) olusur. Bu, miikemmel anti-korozif ve Taban

biyouyumluluk 6zelliklerini iiretir. Bununla birlikte, Malzeme | Ti Al v Fe Ni Si Mn

titanyum ve alagimlari kotii osteoindiiktif 6zelliklere Ti6Al4Y 95 2 2 14 04 0 o1

sahiptir [1,2]. Sonu¢ olarak, ti ve alasimlarinin
biyouyumluluklarint optimize etmek icin son on yilda
bir¢ok calismalar yapilmistir [3-5].

Biyomalzeme olarak kullamilan titanyumun
biyouyumlulugunu arttirmaya yonelik  ihtiyact

kargilamak lizere, plazma sprey, sol-jel, Anodik plazma borularla baglanmus, iginde sogutma suyunun dolastigi
kimyasal islem ve potansiyostatik anodik oksidasyon 1000 ml lik bir cam beher kullanilmaktadir. Mervesan
yontemleri son yillarda uygulanmaktadir [2]. Anodik  rafindan iiretilmis 305DII serisi 0-30V/0-5A dogru
oksidasyon 1$1§m1, Qlusturulan el.ektrlk alanla blrhkte akim giic kaynagi ve manyetik karistiricidan meydana
metal. ve oksijen 1y0r.11ar11.11n dlfuzypnu yontemiyle gelmektedir. Anodik oksidasyon islemi icin elektrolit
yiizeyinin kaplanmasi istenilen metalin anot tarafina olarak 0,15 M Hidroflorik asit ve %0.3 NH,F+%2 H,0
yerlestirilmesiyle yiizeyde ~oksit filminin olustugu iceren Etilen Glikol ¢ozeltileri kullamlmis ve islemler 2

elektroliz - reaksiyonlarina ~denir [6-8]. Titanyumun gy, yoltaj seviyesi (20 V ve 120 V) ve 60 dakika
anodik oksidasyon iglemiyle yiizeyde olusturulan oksit oksidasyon siiresinde gerceklestirilmistir.
filmi malzemenin aginma direncini, korozyon direncini,

yiizey piiriizliiligiinii ve biyouyumlulugu arttiric1 bir rol
oynamaktadir[8].

Bu calismada, Etilen Glikol ve 0.15 M
Hidroflorik asit ¢ozeltileri icinde anodik oksidayon
islemi yapilan titanyum alasiminin SBF c¢ozelti
icerisindeki  elektrokimyasal  yontemle  korozyon
davranislari incelenmistir.

Anodizasyon islemi Sekil 1'de sematik olarak
gosterilen, laboratuar sartlarinda iiretilen anodizasyon
hiicresinde gergeklestirilmistir. Anodizasyon sistemi;
sogutma banyosu ve sogutma banyosuna plastik

2. DENEYSEL CALISMALAR

2.1. Malzeme ve Anodik Oksidasyon islemi

Sekil 1: Anodik oksidasyon prosesi.
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2.2 Elektrokimyasal Korozyon Testleri

EG ve HF asit cozeltilerinde 2 farkli voltaj
seviyesi (20 V ve 120 V) ve 60 dakika anodik
oksidasyon islemi yapilmis olan titanyum alagimlarinin
Elektrokimyasal korozyon deneyleri SBF,
elektrokimyasal korozyon deneyleri Gamry referance
600 potansiyostat/galvanostat ZRA ve echem analyst
soft programi ile gerceklestirilmistir. Elektorkimyasal
korozyon deneylerine baslamadan 6nce 35 °C’de 15 dk
Aseton,15 dk Etanol ve 15 dk cift distile edilmis su ile
ultrasonik olarak temizlenerek 40 °C’de Etiiv de
bekletilerek kurutulmustur. Elde edilen akim yogunlugu-
potansiyel egrilerinden, korozyon hizi, polarizasyon
direnci (Rp), korozyon akimi (I.,), korozyon hizi
degerleri tespit edilmistir. Daha sonra korozyon akiminin
yiizey alanina boliinerek korozyon akim yogunlugu (icor)
bulunmustur.

3. DENEYSEL SONUCLAR

3.1. Kaplama Tabakas1 ve Mikroyapi

Anodik oksidasyon isleminden sonra yapilan
taramal1 elektron mikroskobu goriintiilerini
incelendiginde 60dk sabit siirede ve 20-120V farkli
voltajlarda elde edilen goriintilerde goriildiigl iizere
voltaja bagl olarak degiskenlerin oldugu gozlenmistir.

DRU-TLTEM

Sekil 2: Etilen Glikol ¢ozeltisinde a) 20 V, b) 120
V da 60 dk. siireyle anodik oksidasyon uygulanmig
numunenin yiizeyinin taramali elektron mikroskobu
goruintisi.

Anodik oksidasyon igleminde c¢ozelti olarak
kullanilan Etilen Glikol elektrolitinde yapilan
deneylerde nano tiiplerin olustugu gozlenmektedir.
Olusan nano tiiplerin sabit siirede ve farkli voltajda
degisimi  Sekil 2‘de elde edilen goriintilerde
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gozlenmektedir. Goriintillerde 20 V’da olusan nano
tiiplerin ortalama ¢aplar1 34,85 nm oldugu ve 120 V’da
ise caplarin 2854 nm boyutlarindadir. Etilen Glikol
¢ozeltisinde siirenin sabit tutuldugunda ve 120 voltun
nano tiip caplarmin 20 voltun nano tiip ¢aplarina gore
biiyiik oradan biiyiidiigii goriilmektedir.

Sekil 3: % Hidroflorik asit ¢cozeltisinde a) 20 V,
b) 120 V da 60 dk. siireyle anodik oksidasyon
uygulanmis numunenin Yyiizeyinin taramali elektron
mikroskobu goriintiisii.

0.15M Hidroflorik asit ¢ozeltisinde yapilan
deneylerde sabit siirede ve farkli voltajlardaki goriintiiler
Sekil 3 de goriilmektedir. Yapilan deneyde 20 voltta
nano tiiplerin olustugu ve nano tiip boyutlarinin yaklasik
47,14 nm biiyiikliigiinde oldugu goriilmektedir. 20 volt
ve 120 volt kiyaslandiginda nano tiiplerin 20 voltta
olustugu fakat 120 wvoltta nano tiiplerin bozuldugu
goriilmektedir. Sekil 4 de 0.15M Hidroflorik asit
¢ozeltisinde  yapilan deneylerin EDX  sonuglari
goriilmektedir. Yapilan analizde 120 volt uygulanan
numunede TiO, tabakasinin 20 volta gore daha kalin
oldugu goriilmektedir. Yapilan analizde voltaj arttiginda
nano tiiplerin bozuldugu ve TiO, tabakasi olustugu
goriilmistiir [9, 10].
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Sekil 4: % Hidroflorik asit ¢ozeltisinde a) 20 V,
b) 120 V da 60 dk. siireyle anodik oksidasyon
uygulanmis numunelerin EDX analizi.

3.2 Elektrokimyasal Korozyon

Sekil 5, SBF elektrolit icindeki her numunenin
potansiyodinamik  polarizasyon egrisi analizlerinin
sonuglarini gostermektedir.

Tablo 2, SBF elektrolit igindeki her numuneden
elde edilen korozyon parametrelerini gostermektedir.
Her iki c¢ozelti icin de korozyon direnci
biitiin anodizasyon sartlarinda islemsiz numuneye gore
iyilesmistir. artmigtir. Korozyon direngleri dogrudan
oksit tabakasmnin yapisi ile iligkilidir. Etilen Glikol
cozeltisi ve 0.15M Hidroflorik asit ¢ozeltilerin de 20V
potansiyele kadar anodize edilmis numuneler daha soy
duruma dogru yaklasirken, 120V potansiyelde anodize
edilmis numuneler de yiizeyinde olusan go6zenekli
tabakadan dolay1 korozon direnci daha kotiidiir. Ciinkii
potansiyel artis1 ile beraber yiizeyde gozenek miktari
artmaktadir [8].

Her bir numunenin Icorr ve Rp degerleri,
sirastyla, 0.165 ila 1.460 pA / cm’ ve 105.7-577.4 kQ
arasinda degismektedir. Genel olarak, her iki ¢ozeeltide
de islemsiz numuneye gore, iyi bir korozyon direnci
gostermistir. En yiiksek korozyon direnci Etilen Glikol
cozeltisinde 20 V da yapilan anodizasyon isleminde elde
edilmistir. Ayrica her iki cozeltide de anodizasyon
voltaji arttikca (20 V’dan 120 V’a) korozyon direnci
diismektedir. Anodizasyon yapilmig numuneler arasinda
en yiiksek Icorr degeri 0.921 uA/cm® degerle Etilen
Glikol ¢ozeltisinde 120 V da anodizasyon isleminde elde
edilmistir. En yiiksek korozyon hiz1 407.5 x10” mpy ile
islemsiz numunede elde edilirken, En diisiik korozyon
hiz1 46.04 x10” mpy degeri ile Etilen Glikol ¢ozeltisinde
20 V da yapilan anodizasyon numunesinde -elde
edilmistir. Bu sonuglar hem korozyon akim yogunlugu
degeri (Icorr.), hem de korozyon direnci (Rp) ile
uyumludur.
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Tablo 2. Titanyum alasimumn Elektrokimyasal Deney
Sonuglart

Korozyonun|  Anodi- |Deney | icorr. |Corrosion| Rp
Yapildig: zasyonn |Metodu| (uA/cm?) Rate (kQ)
Cozelti Yapildig: x10?
Cozelti (mpy)
Islemsiz 1,460 407,5 1057
Etilen 20V 0,165 46,04 |205,8
SBF Glikol 120V | 0,921 256,1 | 1187
0.15M 20V 0,191 53,02 | 5774
Hidroflorik | 120 V | 0,204 56,62 | 126,1
asit
—&— Islemsiz
049" 20v60dc
—e— 120v-80dk
0,21
0.0+
>
E0o]
g
g 0.4+
0,6 1
081 a)
'1,0 T T LR | T T
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" | |+ 20v-80dk
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3
5}
w064
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_110 LS 22 ) R GRTNN I AR5 B R BB | LA L
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Sekil 5: a) Etilen Glikol, b) 0.15 M Hidroflorik
asit cozeltilerinde anodizasyon yapilmis numunelerinin
Tafel ekstrapolarizasyon egrileri.

4. SONUCLAR

Bir Ti alasiminin yiizeyinde iki farkli ¢ozeltide
yapilan anodik oksidasyon islemi ile farkli voltajlarda
TiO, nanotiipleri olusturuldu. Anodizasyon voltajinin
artig1 ile Etilen glikol ¢zeltisinde nano tiiplerin caplari
artmistir. Fakat 0.15 M Hidroflorik asit igerisinde ise
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voltajin  artmasiyla  nano  tiipler  bozulmustir.
Anodizasyon voltajinin artmasiyla Nano tiip morfolojisi
bozulmaktadir.

Korozyon direnci islemsiz numuneye gore biitiin
anodize edilmis numunelerde artmistir. En iyi korozyon
direnci Etilen Glikol c¢ozeltisinde 20 V yapilan
anodizasyon isleminde elde edilirken, en kotii korozyon
direnci ise Etilen Glikol c¢ozeltisinde 120 V yapilan
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anodizasyon isleminde elde edilmistir. Korozyon direnci
icin en 6nemli unsurun yiizey yapist oldugu goriilmiistiir.
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HTEA temelli risk degerlendirme: Insaat sektoriinde bir uygulama

Burak Efe"” Mustafa Kurt

Abstract: Is giivenligi son zamanlarda 6nemi artan bir konu olmaya baslamistir. Bu tez kapsaminda is giivenliginin
onemli bir konusu olan risk degerlendirme iizerinde durulmustur. Bu proje bir insaat firmast i¢in is saghgi ve giivenligi
politikast kurmay1 amaglamaktadir. Uygulama alam olarak insaat sektorii belirlenmistir. Insaat sektorii i¢in bina
yvapiminda demir isleriyle ilgili riskler belirlenmigtir. Risk degerlendirme icin hata tiirleri ve etkileri analizi (HTEA)
yontemi incelenmistir. Bu ¢alismada dogrusal programlama ve bulanik ¢ok kriterli karar verme metotlari, iiretim ve
hizmet sistemlerindeki muhtemel hatalar: belirlemek ve ortadan kaldirmak icin yaygin olarak kullanilan geleneksel
HTEA min eksikliklerinin iistesinden gelmek amaciyla HTEA'va uygulanir. Geleneksel HTEA da olasilik, siddet, ve
saptanabilirlik risk faktorlerinin degerleri ¢arpilarak elde edilen risk oncelik sayisi metodu birgok eksikliginden dolay:
literatiirde elestirilmektedir. Insaat sektoriinde demir isleriyle ilgili riskleri degerlendirmek icin TOPSIS metodunun
genisletilmisi olarak olabilirlik derecesi ve agirlikli geometrik Bonferroni ortalama operatorii temelli aralik tip-2
bulanik sayili (AT2BS) TOPSIS metodunu onerilmistir. Bu ¢alisma bir karsilastirma indeksi belirlemek i¢in mevcut
TOPSIS deki mesafe dlgiimleri yerine olabilirlik ortalama ve olabilirlik derecelerini kullanmaktadwr. TOPSIS
metodundaki kesin sayilara karsin bulanik TOPSIS metodunun faydast alternatifleri degerlendirmek igin bulanik
sayilart ele almaktr. Tip-1 bulamik sayilar, bulanik sayilart ifade etmek igin kesin iiyelik derecelerini incelemektedir.
Fakat AT2BS, tip-1 bulanik sayilarindan daha fazla belirsizligi ele almaktadir. AT2BS gercek hayat uygulamalarinda
belirsizligi ve bulamikligi anlatmak icin ilave bilgiyi bize saglamaktadir. Onerilen yaklagimlarin ve diger metotlarin
sonuglart karsilastirilmistir. Matematiksel programlama firmanin kaynaklarini ve hedeflerini optimize etmek igin
kullanilir.

Anahtar Kelimeler: TOPSIS, cok kriterli karar verme, HTEA, risk

1 GIRIS carpimi olan ROS ile hata tiirlerinin risk 6nceliklerini
belirler.
Hata tiirleri ve etkileri analizi (HTEA) ilk olarak
1960’larda havacilik endiistrisinde tasarim metodolojisi ROS =0xSxD (1)
olarak gelistirilmistir (Bowles ve Pelaez, 1995). HTEA, Genellikle, daha yiiksek ROS’lii hata tiirlerinin
potansiyel tehlikeleri degerlendiren ve onlar1 meydana daha onemli oldugu ve diizeltme igin daha yiiksek
gelmeden onleyen faydali ve gliglii bir aractir (Sankar ve oncelik verilecegi varsayilmaktadir.
Prabhu, 2001). HTEA imalat ve hizmet sistemlerindeki HTEA sistem, tasarim, siire¢ veya hizmetteki
potansiyel hatalar1 elimine etmek, tamimlamak igin gerceklesebilecek hatalar1  dnceden 6nleyebilen en
yaygmn olarak  kullamlan bir risk degerlendirme onemli erken Onleyici faaliyetlerden biridir. Maalesef,
yontemidir. Hata tiirli, tasarim amacint gerceklestirirken geleneksel HTEA gercek hayat problemlerinde
parcada, alt sistemde, sistemde, siirecte vb. potansiyel uygulandiginda  kesin ROS metodu bazi  6nemli
olarak  hatanin  olabilecegi  durumlar  olarak eksiklikler géstermektedir.
tanimlanmaktadir. Bir pargadaki hata tiirii baska bir (Liu vd., 2012; Sankar ve Prabhu, 2001; Wang
par¢ada hata tiiriintin sebebi olabilir (Wang vd., 2009). vd., 2009; Sharma vd., 2005). Elestirilerden bazilari
FMEA’nin diger risk degerlendirme araglarindan farki, asagida gosterilmektedir :
hata olduktan sonra bir ¢6ziim bulmak yerine sistemin « 0, S, D arasindaki énem dereceleri dikkate
onceden tespit etmesiyle baglantili olarak problemlerin alinmaz. Ug faktoriin esit énem derecesine sahip oldugu
yok edilmesidir. Bu durum karar vericilere mevcut kabul edilir. Bu gercek hayat problemlerine HTEA’nin
programlari diizeltmeye, hatalarin olabilirligini azaltmak uygulamasinda hatal1 sonuglar verebilir.
icin Onerilen faaliyetleri gergeklestirmeye ve tehlikeli «0, S, Dnin farkli degerleri ROS’tin aym
kazalardan sakinmaya yardim etmektedir. Giiniimiizde, degerini tam olarak verebilir fakat onlarin gizli riskleri
HTEA havacilik, otomotiv, niikleer, elektronik, kimya ve toplam olarak farkli olabilir. Ornegin 2 farkli durum igin
tip teknolojilerini kapsayan endiistrinin birgok alaninda 0, S, D sirastyla 2, 3, 2 ve 4, 1, 3 ise ROS degeri ayni ve
yaygin olarak kullanilmaktadir (Liu vd., 2012). 12°dir. Bu durum kaynak ve zaman israfina veya daha
Bir sistem, tasarim, stire¢ veya hizmet genellikle yiiksek riskli hata tiiriiniin belirlenememesine sebep
¢ok hata tiirli ve etkisine sahiptir. Bu durumda, her bir olabilir.
hata tird ve etkisini risk degerlerine  gore » Ug faktorii kesin olarak degerlendirmek cok
onceliklendirmek ve degerlendirmek gerekmektedir. zordur. HTEAda birgok bilgi genellikle belirsiz ve dilsel
Yiiksek riskli (veya en tehlikeli) hata tiirii en oncelikli olarak 6nemli, ¢ok yiiksek vb. ifadelerle agiklanir.
olarak diizeltilmelidir. Geleneksel HTEA risk 6ncelik Yukaridaki eksikliklerin iistesinden gelmek i¢in Tablo
sayist (ROS) metodunu kullanarak hata tiirlerinin risk I’de goriildiigii gibi literatiirde gesitli cahismalar
onceliklerini belirlemektedir. yapilmistir. HTEA literatiiriinde en popiiler kullanilan
Geleneksel HTEA bir hatamin meydana gelme yontemler bulanik kural temelli sistem, gri teori, maliyet

olasiligimin (O), siddetinin (S) ve saptanabilirliginin (D)
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temelli sistem, AHP/ANP ve dogrusal programlamadir
(Liu vd., 2013).

Tablo 1. HTEA ile ilgili ¢alismalar

Yaklasimlar Calismalar

Bulanik VIKOR Liu vd. (2012)

AHP, ANP Sachdeva vd. (2008), Carmignani (2009), Zammori and Gabbrielli
(2011)

Bulanik TOPSIS Song vd. (2013)

Kanit Teorisi

Yang vd. (2011)

Gri teori

Tan ve Du (2013), Sharma ve Sharma (2012), Geum vd. (2011)

DEMATEL

Seyed-Hosseini vd. (2006), Chang vd. (2013b)

Sezgisel bulanik kiime siralama teknigi

Chang vd. (2010a)

Bulanitk AHP-Bulanik kural temelli
sistem

Abdelgawad ve Fayek (2010)

Sezgisel bulanik kiime- DEMATEL

Chang ve Cheng (2010b)

Bulanik OWA operatori-DEMATEL

Chang ve Cheng (2011)

Bulanik AHP- Bulanik TOPSIS

Kutlu ve Ekmekgioglu (2012)

Sezgisel bulanik kiime- TOPSIS

Liu vd. (2015a)

Inang yapisi- TOPSIS

Vahdani vd. (2015)

Bulanik AHP- Entropi-Bulanik
VIKOR

Liu vd. (2015b)

Bulanik mantik- MULTIMOORA

Liu vd. (2014a)

Gri iligkisel analiz - DEMATEL

Chang vd. (2013a)

OWGA- GMO

Mentes ve Ozen (2015)

Literatiirde geleneksel HTEA’nin eksiklikleri
ortadan kaldirthirken bulanik mantik yaklagimindan
faydalanilmistir. Karar vericiler goriislerini dilsel olarak
ifade etmeleri kolay olacagi i¢in bulanik mantik
kullanilmistir.  Fakat  bulanik  mantik  kullanan
yontemlerin bazi eksiklikleri vardir:

* Bulanik say1 olarak ifade edilen hata tiirlerini
siralamak  i¢in  durulagtirma  yontemi  kullanilir.
Durulagtirma sonucu elde edilen deger gergcek hayat
uygulamalarinda dogru olmayabilir. Bu durum olasilik
dagilimlart i¢in sadece ortalama degere gore siralamaya
benzemektedir.

* Hata tiirlerini degerlendirmek igin Tip 1 bulanik
sayilart  kullanilmaktadir. Tip 1 bulamk sayilar
belirsizligi ifade etmede bazi eksikliklere sahiptir.
Bulanik saymin belirsizligini incelemek i¢in bu
calismada Aralik Tip 2 bulamik sayr kullanilacaktir.
Ayrica HTEA ile ilgili tekstil sektorii uygulamasinda
sezgisel bulanik say1 kullanilmustir.

2 INSAATTA RiSK DEGERLENDIRME

Bu calisma kapsaminda ilk olarak yapilacak HTEA
temelli risk degerlendirmesi ingaat sektoriinde bir firma
icin uygulanmustir. Insaat firmasindaki demir isleriyle
ilgili HTEA Tablo 2’de gosterilmistir. Bu c¢alisma
TOPSIS metodunun genisletilmisi olarak olabilirlik
derecesi ve agirlikli geometrik Bonferroni ortalama
operatorii temelli aralik tip-2 bulanik sayili (AT2BS)
TOPSIS metodunu 6nermistir. Ye ve Li (2014) liggensel
bulanik sayilar kullanarak olabilirlik teorisi temelli
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genisletilmis TOPSIS yontemini sunmuslardir. Chen ve
Lee (2010a) ve Chen ve Hong (2014) tip-1 bulanik
sayilarin eksikliklerinin iistesinden gelmek igin siralama
metotlu AT2BS TOPSIS yontemini incelemislerdir.
Chen (2015) olabilirlik temelli AT2BS’li TOPSIS
yontemini incelemislerdir.

TOPSIS metodundaki kesin sayilara karsin
bulanik TOPSIS metodunun faydasi alternatifleri
degerlendirmek i¢in bulanik sayilari ele almaktir. Tip-1
bulanik sayilar, bulanik sayilari ifade etmek icin kesin
iiyelik derecelerini incelemektedir. Fakat AT2BS, tip-1
bulanik sayilarindan daha fazla belirsizligi ele
almaktadir. AT2BS ger¢ek hayat uygulamalarinda
belirsizligi ve bulaniklig1 anlatmak i¢in ilave bilgiyi bize
saglamaktadir. Bu c¢alisma karmasik problemlerdeki
Oznel fikirlerin daha fazla belirsizligini modellemek i¢in
AT2BS kullanarak TOPSIS metodunu genisletmeyi
amaglamaktadir. Bu ¢alismanin amaci olabilirlik
ortalama degeri ve olabilirlik derecesi temelli yeni bir
AT2BS TOPSIS metodunu sunmaktir. Bu ¢alisma
alternatifleri degerlendirmek icin aralik tip-2 yamuksal
bulanik sayili yaklasik pozitif ve negatif ideal ¢oziimleri
kullanmaktadir. Bu c¢alisma bir karsilastirma indeksi
belirlemek icin mevcut TOPSIS’deki mesafe olgiimleri
yerine olabilirlik ortalama ve olabilirlik derecelerini
kullanmaktadir. Her bir alternatifin olabilirlik derecesi
temelli yakinlik katsayis1 yaklasik pozitif ve negatif ideal
¢oziimlere gore hesaplanmistir. Bu ¢alisma ayrica
kriterlerin 6nem derecelerini ve kriterler temelli
alternatifleri  belirlemede karar vericilerin  6znel
fikirlerini birlestirmek i¢in aralik tip-2 bulanik agirlikli



Bonferroni ortalama operatoriinii  kullanmaktadir. Bu
calismanin diger bir faydasi geleneksel HTEA’nin
eksikliklerinin  Ustesinden  gelmektir.  Geleneksel
HTEA’da O, $, ve S gibi risk faktorlerinin degerleri
carpilarak elde edilen ROS metodu bir¢ok eksikliginden
dolay1 literatiirde elestirilmektedir. Bu calismada ilk
olarak bu risk faktorlerinin agirliklarini belirlemek i¢in
aralik tip-2 bulanik agirlikli Bonferroni ortalama
operatorii kullanilarak karar vericilerin 6znel goriisleri
birlestirilmistir. Bu agirliklar riskleri siralamak igin
TOPSIS metodunda kullanilmistir. Onerilen model bir
ingaat yapimindaki demir isleriyle ilgili riskleri
degerlendirmek i¢in uygulanmistir.

3 UYGULAMA

Risk degerlendirme siireci; risk degerlendirmeyi yapacak
karar  vericilerin  belirlenmesi, hata tiirlerinin

belirlenmesi, degerlendirme asamasinda incelenen O,S,
ve S risk faktorlerini belirleme, risk faktorlerini
agirliklandirma ve hata tiirlerinin  degerlendirilmesi
asamalarindan olusmaktadir. Bina yapimindaki gergek
bir uygulama onerilen yaklagimin etkinligini gostermek
icin sunulmustur. Firma yoneticileri is saghigi ve
giivenligi acisindan bina yapimindaki demir isleriyle
ilgili hata tiirlerini elemek istemektedirler. Bu yiizden is
saglig1 ve giivenligi alaninda uzman olan bes kisilik bir
uzman komitesi atamislardir. ilk elemeden sonra onbir
hata tiirii ileri degerlendirme i¢in analiz edilmistir. E1,
E2, E3, E4, ve E5 olan bes kisilik bir uzman ekip bir
bina yapimi i¢in demir isleriyle ilgili en yiiksek riskli
hata tiiriinii belirlemek amaciyla bir ankete cevap
vermiglerdir. Bu hata tlirleri uzman goriisleri ve
literatiirdeki ¢aligmalar dikkate alinarak belirlenmis olup
Tablo 2’de verilmistir.

Tablo 2. Demir isleriyle ilgili hata tiirleri

HT1  Bag telinin ele batmasi

HT2  Demirlerin uygun istiflenmemesi

HT3  Temele indirilen demir yiiklerinin tek bir noktaya indirilmesi

HT4  Temel demir imalatimin hep ayni yénde yapilmasi

HTS  Yiik indiren ving operatdriiniin yiikii hizli sekilde vurdurarak indirmesi

HT6  iscinin talimatlara uymamasi

HT7  Temel demir 6rme isinde sehpalarin demire her baglanmasinda bag teli ile baglanmamasi

HT8  Beton igerisindeki demir parcalarmin ug kisimlarinin agikta durmasi

HT9  Demir vb. agir yiiklerin elle tasginmasi

HT10

Demir baginin bogdurulmadan yalnizca bag teli ile baglanarak tagimasi

HT11  Celik hasir ve sehpa tasinirken eksik zincirle tasimnmasi

Risk degerlendirmeyi etlileyen ii¢ risk kriteri hata
tirtiniin olasiligr (O), hata tiriiniin siddeti (S) ve hata
tirtiniin saptanabilirligidir (S). O ve S risk kriterleri
maliyet kriterlerini, S risk kriteri ise fayda kriterini
gostermektedir. Karar vericilerin 6nem dereceleri grup
karar verme probleminde onlarmm farkliliklarim
gostermek icin atanmugtir. E1, E2, E3, E4 ve E5 karar
vericilerinin 6nem dereceleri sirastyla (0.30, 0.20, 0.25,
0.15, 0.10) olarak belirlenmistir. Karar vericiler
kriterlerin ~ 6nem  derecelerini  belirlerken  6znel
goriislerini  dilsel ~ degiskenler  yardimiyla ifade
etmektedirler. Bu risk  kriterlerinin  agirliklarin
belirlemek icin karar vericilerin Oznel goriisleri

YAT2AGBM operatorii kullanilarak birlestirilmektedir.
AT2BS temelli TOPSIS asamasi kriterler temelli hata
tiirlerini siralamak igin kullanilir ve risk degerlendirme
sireci tamamlamir.  Onerilen  yaklasim HTEA
kullanilarak bir bina yapimindaki demir isleriyle ilgili
riskleri degerlendirmek igin uygulanmaktadir. Tablo 3’te
gosterilen dilsel 6l¢ek kullanilarak karar vericilerin 6znel
goriisleri kriterlerin dnceliklerini elde etmek i¢in ve hata
tiirlerini degerlendirmek i¢in kurulur. Bes karar verici
Tablo 4’te gosterildigi gibi kriterlerin 6nem derecelerini
kurmustur. YAT2AGBM operatorii karar vericilerin
onem dereceleri temelinde karar vericilerin 6znel
gorislerini birlestirmek i¢in kullanilir.

Tablo 3. AT2BS ve dilsel terimler arasindaki dontisiim

Dilsel terim

Yamuksal AT2BS

Cok diisiik (CD)  (0.08,0.11,0.15,0.18;0.8),(0.04,0.09,0.17,0.22;1)
Diisiik (D) (0.20,0.25,0.33,0.36;0.8),(0.17,0.22,0.38,0.43;1)
Orta (O) (0.40,0.45,0.54,0.57;0.8),(0.30,0.40,0.60,0.66;1)
Yiiksek (Y) (0.77,0.80,0.86,0.90:0.8),(0.72,0.75,0.90,0.95;1)

Cok yiiksek (CY)

(0.95,0.97,0.98,0.99,0.8),(0.92,0.96,0.99,1.00;1)




Tablo 4. Bes karar verici icin kriterlerin
onem dereceleri

Kriter Karar verici
El |E2 |E3 |E4 ES

0] 0 Y Y (0] Y

S Y CY |CY |Y CY

S 0 0 O Y 0

Tablo 5. Alternatifler icin degerlendirme verisi
El E2 E3 E4 E5
¢ G G ¢ G G ¢ G G ¢ G G o G G
HTI CY O D ¢y D D O D 0] 0] 0 O VD Y CY
HT2 Y VD ¢&Y O Y CY O D Y D D o O Y D
HT3 D (0] o D O Y O O Y o 0O O VD O C(CY
HT4 D (0] (0] D (0] Y D (0] Y VD VD VD VD O C(CY
HT5 Y CY VD D CY Y O CY CY O D CY O Y CY
HT6 CY Y Y ¢Y Y Y O Y Y 0 0 Y D O CY
HT7 0] o O CYy O O O CY Y 0 D CY VD Y CY
HTS8 O VD O (0] Y Y D Y Y Y D Y VD O CY
HT9Y Y D CY Y Y O O O Y CY O CY Y O CY
HT10 Y Y Y O Y O Y Y CY Y O CY Y Y CY
HT1l Y Y Y O Y O O Y Y Y Y CY O Y CY
Kriter temelli alternatiflerin her bir uzmana gére degeri isleriyle ilgili en yiiksek riskli hata tiirii olarak

Tablo 5’te gosterilmistir. Onbir hata tiirlinlin olabilirlik
derecesi temelli yakinlik katsayilari azalan siraya gore
siralanmig ve Tablo 6°da gosterilmistir. HT7 (Temel
demir 6rme isinde sehpalarin demire her baglanmasinda
bag teli ile baglanmamasi) bina yapimindaki demir

degerlerine gore belirlenmis ve ilk olarak elenmesi
gereken risk oldugu tespit edilmistir. Diger hata
tirlerinin siralamasi HT3, HT8, HT1, HT4, HT2, HTS5,
HT9, HT6, HT11 ve HT10 olarak belirlenmistir.

Tablo 6. Olabilirlik derecesi temelli yakinlik katsayilari

HT1 HT2 HT3 HT4 HT5 HT6 HT7 HT8 HT9 HTI0O HTII
PCi 0324 0364 0296 0329 0371 0395 0285 0309 0.389 0425 0.418
Sira 4 6 2 5 7 9 1 3 8 11 10
Geleneksel HTEA, bulanik VIKOR, sezgisel bulanik gri siralama  sonuglari bu metotlar kullanilarak elde

iliskisel analiz (SBGIA) metotlar1 6nerilen modelin
etkinligini gdstermek i¢in incelenmistir. 11 hata tiiriiniin

edilmistir ve sonuglar Tablo 7°de gosterilmistir.

Tablo 7. Karsilastirma sonuglari

HT1 HT2 HT3 HT4 HT5 HT6 HT7 HT8 HT9 HTI0 HTII
Onerilen yaklagim 4 6 2 5 7 9 1 3 8 11 10
Geleneksel FMEA 5 8 3 4 11 9 1 2 7 6 10
FVIKOR 3 10 1 5 11 7 2 4 8 6 9
IFGRA 4 8 5 1 11 9 3 2 7 6 10

Firma yoneticileri bazi sartlar1 igeren bir is saghgi
politikasi belirlemiglerdir. Yoneticiler HTEA
sonuglarinin is saglhgr ve giivenligi politikasi olusturmak
icin yetersiz oldugunu belirtmislerdir. Ciinkii HTEA
metodunun firmanin kapasitelerini goéz ardi ettigini
belirtmiglerdir. Ayrica, Onerilen metot ve karsilagtirlan
metotlarin sonuglar1 farklidir. Bu durum uzun dénemde
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bazi problemlere sebep olabilir. Bu tezde bu kisitlamalar:
ortadan kaldirmak igin dogrusal programlama yaklagimi
Onerilmistir. Firma is sagligi ve giivenligi politikasina
gore biitge kisiti, zaman kisit1 ve diizeltebilecegi risk
sayist kisitint sunmustur. Firma 17500-22500 TL’lik
biitge, 6-12 hafta aras1 zaman ve 5-8 diizeltilebilir risk
sayisini kisit olarak belirlemistir. 17500, 20000 ve 22500



TL olmak tizere 3 farkli biitge belirlenmistir. 6, 9 ve 12
hafta olmak iizere 3 farkli zaman belirlenmistir. 5, 6, 7
ve 8 olmak tizere 4 farkli diizeltilebilir risk sayisi
belirlenmistir. Toplam olarak 36 farkli durum
belirlenmistir ve kendisi i¢in en uygun durumu se¢mesi
icin firmaya sunulmustur. Yakinlik katsayisi temelli
dogrusal programlama GAMS yazilim programlamada
kodlanmistir. Insaattaki demir isleriyle ilgili hata
tirlerinin maliyet ve zaman verisi Tablo 8’de
sunulmaktadir.

Matematiksel model ve kullanilan notasyonlar asagida
sunulmustur:

Notasyonlar

x; : Ikili degisken, hata tiirii i diizeltilirse 1’¢ esit

CC; :Tablo 6’daki hata tiiri i’nin yakinlik katsayisi
degeri

¢; :Diizeltici olaydan sonraki toplam maliyet

b; :Diizeltici olay olmaksizin toplam maliyet

t; : Hata tiirli i’yi diizeltmek i¢in gerekli zaman

Amag fonksiyonu
n
min Y CC,.x; 2)
i=1
Kisitlar
n
Y ¢ix; +b.(1-x; ) < budget (3)
i=1
n
2. t.x; < time 4
i=1
n
> x; <number of correctablerisk 5)
i=1
X, +x, +x,22 (6)
Tablo 8. Insaat firmasindaki ek veriler
Hata ¢; (TL) b; (TL) t; (Hafta)
tiirleri
HTI 500 800 0.5
HT2 700 1000 1
HT3 1000 1500 1
HT4 1100 2000 1.5
HT5 1000 1500 1
HT6 1500 3000 2.5
HT7 800 1500 0.5
HTS8 1250 2500 1.5
HT9 1400 2750 2
HTI10 1100 2250 1
HT11 1750 3000 2

Tablo 9. Dogrusal programlama sonuglari

Biitge | Zaman | DRS | DR

17500 | 6 5 5,7,8,10,11
17500 | 6 6 1,3,5,7,10,11
17500 | 6 7 1,3,5,7,10,11
17500 | 6 8 1,3,5,7,10,11
17500 | 9 5 3,6,8,10,11

(2]
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[1]

17500 | 9 6 3,5,6,8,10,11
17500 | 9 7 2,5,7,8,9,10,11
17500 | 9 8 1,2,3,5,7,9,10,11
17500 | 12 5 3,6,8,10,11
17500 | 12 6 3,6,8,9,10,11
17500 | 12 7 3,5,6, 8,9,10,11
17500 | 12 8 2,3,5,6,8,9,10,11
20000 | 6 5 5,7,8,10,11
20000 | 6 6 2,3,4,5,7,10
20000 | 6 7 1,3,5,7,10,11
20000 | 6 8 1,3,5,7,10,11
20000 | 9 5 3,6, 8,10,11
20000 | 9 6 3,5,6, 8,10,11
20000 | 9 7 2,5,7,89,10,11
20000 | 9 8 1,2,3,5,7,9,10,11
20000 | 12 5 3,6, 8,10,11
20000 | 12 6 3,6, 8,9,10,11
20000 | 12 7 3,5,6, 8,9,10,11
20000 | 12 8 2,3,5,6,8,9,10,11
22500 | 6 5 5,7,8,10,11
22500 | 6 6 2,3,4,5,7,10
22500 | 6 7 1,3,5,7,10,11
22500 | 6 8 1,3,5,7,10,11
22500 | 9 5 3,6,8,10,11
22500 | 9 6 3,5,6,8,10,11
22500 | 9 7 2,5,7,8,9,10,11
22500 | 9 8 1,2,3,5,7,9,10,11
22500 | 12 5 3,6,8,10,11
22500 | 12 6 3,6,8,9,10,11
22500 | 12 7 3,5,6,8,9,10,11
22500 | 12 8 2,3,5,6,8,9,10,11

Matematiksel model ¢6ziildiikten sonra elde edilen
sonuglar Tablo 9’da sunulmustur. Tablo 9’daki sonuglar
yardimiyla firma kendisine en uygun is sagligi ve
giivenligi politikasini belirleyebilir. Hata tiirii 3, 7 ve 8§,
IT2F TOPSIS metodunun sonucuna gore ilk ii¢ hata
tiriinden biri olmasma ragmen matematiksel modelin
sonucuna gore is saghgr ve giivenligi politikalarinin
higbirinde birlikte ele alinmamustir.

REFERENCES

Abdelgawad, M., Fayek, A. R. (2010). Risk
management in the construction industry using
combined fuzzy FMEA and fuzzy AHP. Journal of
Construction Engineering and Management, 136,
1028-1036.

Bowles, J. B., Pelaez, C. E. (1995). Fuzzy logic
prioritization of failures in a system failure mode,
effects and criticality analysis. Reliability
Engineering & System Safety, 50(2), 203-213.
Carmignani, G. (2009). An integrated structural
framework to cost-based FMECA: The priority-
cost FMECA. Reliability Engineering and Systems
Safety, 94, 861-871.

Chang, K. H., Chang, Y. C, Tsai, I. T. (2013a).
Enhancing FMEA assessment by integrating grey
relational analysis and the decision making trial



(3]

(7]

(9]

[10]

[11]

[13]

[14]

[16]

[17]

and evaluation laboratory approach. Eng. Fail.
Anal., 31,211-224.

Chang, K. H., Liaw, C.-S., Chang, T.-Y., Chang,
Y.-C. (2013b). FMEA-based @ DEMATEL
apportionment approach. Chung Cheng Ling
Hsueh Pao/Journal of Chung Cheng Institute of
Technology, 42(1), 41-58.

Chang, K. H., Cheng, C. H., Chang, Y. C. (2010a).
Reprioritization of failures in a silane supply
system using an intuitionistic fuzzy set ranking
technique. Soft Computing, 14, 285-298.

Chang K.H., Cheng C.H. (2010b). A risk
assessment methodology using intuitionistic fuzzy
set in FMEA. International Journal of Systems
Science, 41(12), 1457-1471.

Chang, K. H., Cheng, C. H. (2011). Evaluating the
risk of failure using the fuzzy OWA and
DEMATEL method. Journal of Intelligent
Manufacturing, 22, 113-129.

Chen, S.M., Hong, J. A. (2014). Fuzzy multiple
attributes group decision-making based on ranking
interval type-2 fuzzy sets and the TOPSIS method.
IEEE Transactions on Systems, Man, and
Cybernetics: Systems, 44 (12), 1665-1673.

Chen, S.M., Lee, L.W. (2010a). Fuzzy multiple
attributes group decision-making based on the
interval type-2 TOPSIS method. Expert Systems
with Applications, 37(4), 2790-2798.

Chen, T. Y. (2015). An interval type-2 fuzzy
technique for order preference by similarity to
ideal  solutions using a likelihood-based
comparison approach for multiple criteria decision
analysis. Computers and Industrial Engineering,
85, 57-72.

Geum, Y., Cho, Y., Park, Y. (2011). A systematic
approach for diagnosing service failure: Service-
specific  FMEA and grey relational analysis
approach. Mathematical and Computer Modelling,
54,3126-3142.

Kutlu, A. C., Ekmekgioglu, M. (2012). Fuzzy
failure modes and effects analysis by using fuzzy
TOPSIS-based fuzzy AHP. Expert Systems with
Applications, 39, 61-67.

Liu, H.C., Fan, X.J., Li, P., Chen, Y.Z. (2014a).
Evaluating the risk of failure modes withextended
MULTIMOORA method under fuzzy
environment.  Engineering  Applications  of
Artificial Intelligence, 34, 168—177.

Liu, H.C., Liu, L., Liu, N. (2013). Risk evaluation
approaches in failure mode and effects analysis: A
literature  review. Expert Systems  with
Applications, 40, 828—838.

Liu, H.C,, Liu, L., Liu, N., Mao, L.X. (2012). Risk
evaluation in failure mode and effects analysis
with extended VIKOR method wunder fuzzy
environment. Expert Systems with Applications,
39(17), 12926-12934.

Liu H. C,, You J. X., Shan M. M., Shao L. N.
(2015a). Failure mode and effects analysis using
intuitionistic fuzzy hybrid TOPSIS approach. Soft
Computing, 19(4), 1085-1098.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

56

Liu H. C., You J. X,, You X. Y., Shan M. M.
(2015b). A novel approach for failure mode and
effects analysis using combination weighting and
fuzzy VIKOR method. Applied Soft Computing,
28, 579-588.

Mentes, A., Ozen, E. (2015). A hybrid risk
analysis method for a yacht fuel system safety.
Safety Science, 79, 94-104.

Sachdeva, A., Kumar, D., Kumar, P. (2008). A
methodology to determine maintenance criticality
using AHP. International Journal of Productivity
and Quality Management, 3(4), 396—412.

Sankar, N. R., Prabhu, B. S. (2001). Modified
approach for prioritization of failures in a system
failure mode and effects analysis. International
Journal of Quality & Reliability Management,
18(3), 324-336.

Seyed-Hosseini, S.M., Safaei, N., Asgharpour,
M.J. (2006). Reprioritization of failures in a
system failure mode and effects analysis by
decision making trial and evaluation laboratory
technique. Reliability Engineering and System
Safety, 91(8), 872-881.

Sharma, R. K., Kumar, D., Kumar, P. (2005).
Systematic failure mode effect analysis (FMEA)
using fuzzy linguistic modelling. International
Journal of Quality & Reliability Management,
22(9), 986—1004.

Sharma, R., Sharma, P. (2012). Integrated
framework to optimize RAM and cost decisions in
a process plant. Journal of Loss Prevention in the
Process Industries, 25(6), 883-904.

Song, W., Ming, X., Wu, Z., Zhu, B. (2013).
Failure modes and effects analysis using integrated
weight-based fuzzy TOPSIS. International Journal
of Computer Integrated Manufacturing, 26(12),
1172-118e.

Tan, Z. D., Du, Z. F. (2013). Failure Mode and
Effects Analysis of Equipment Based on Grey
Theory. Applied Mechanics and Materials, 313-
314, 763-766.

Vahdani B., Salimi M., Charkhchian M. (2015). A
new FMEA method by integrating fuzzy belief
structure and TOPSIS to improve risk evaluation
process. The International Journal of Advanced
Manufacturing Technology, 77(1-4) 357-368.
Wang Y. M., Chin K. S., Poon G. K. K., Yang J.
B. (2009). Risk evaluation in failure mode and
effects analysis using fuzzy weighted geometric
mean. Expert Systems with Applications, 36,
1195-1207.

Yang, J., Huang, H. Z., He, L. P., Zhu, S. P., Wen,
D. (2011). Risk evaluation in failure mode and
effects analysis of aircraft turbine rotor blades
using Dempster— Shafer evidence theory under
uncertainty. Engineering Failure Analysis, 18,
2084-2092.

Ye, F., Li, Y. (2014). An extended TOPSIS model
based on the Possibility theory under fuzzy
environment. Knowledge-Based Systems, 67, 263-
269.



[31] Zammori, F., Gabbrielli, R. (2011). ANP/RPN: A Yazar adresleri
multi criteria evaluation of the risk priority
number. Quality and Reliability Engineering 2 Endiistri Miihendisligi Boliimii, Miihendislik Falkiiltesi,
International, 28, 85-104. Gazi Universitesi, Tiirkiye
"burakefe@gazi.edu.tr, *mkurt@gazi.edu.tr

Sorumlu yazar

“Endiistri Miihendisligi Boliimii, Miihendislik Fakiiltesi,
Gazi Universitesi, Tiirkiye

"burakefe@gazi.edu.tr,

57



Bulamik PROMETHEE yaklasimim1 kullanarak yenilenebilir enerji politikasi
secimi

Mehmet Akif Yerlikayal, Burak Efe2 ", Omer Faruk E fe3

Ozet: Son yillarda ¢evre ve ekonomik gelisimi etkileyen uygun yenilenebilir enerji politikast segimi ¢ok onemli bir
konudur. Yenilenebilir enerjiler fosil yakitlar: azaltmak i¢in alternatif olarak ¢esitli iilkeler tarafindan kullanilmaktadr.
Yenilenebilir enerjiler iiretim maliyetlerini, ¢evre kirliligini ve hava kirliligini azaltabilir. Birgok kriter altinda en uygun
alternatifi se¢mek uzun donem planlart igin bircok iilkede enerji uzmanlarina yardimct olabilir. Yenilenebilir enerji
olmayan fosil yakitlar ¢evre kirliligi gibi bazi ¢evresel problemler meydana getirebilir. Bu ¢alismada, Mousavi vd.
(2017) tarafindan yapilan yenilenebilir enerji politika secimi uygulama ¢alismast ele alinmistir. Bu ¢alismada bulanik
PROMETHEE (Preference Ranking Organization Method for Enrichment Evaluation) yaklasimi kullanilmistir.
Biyokiitle enerji, jeotermal enerji, hidroelektrik enerji, giines enerji ve riizgar enerji olmak iizere bes alternatif
arasindan yenilenebilir enerji politikast se¢imi yapilmigtir. Teknolojik, ¢evresel, sosyal ve ekonomik kriter olmak tizere
dort kriter iizerinden degerlendirme yapumistir. Uc farkli uzman goriisii ele alnmustir. Kriterlerin agurliklarin
belirlemek igin her bir kriterin her bir uzmana goére agirligi dilsel degiskenlerle belirlenmistir. PROMETHEE
metodunun ¢ok yaygin olarak basarili bir sekilde kullaniimasinin temelinde matematiksel ézellikleri ve kolay kullanimi
gelmektedir. Ancak, yontemde kullanilan girdi degerleri karar vericilerin diisiince ve tecriibelerine dayandigi ve
dolayiswyla dilsel terimlerle ifade edildigi zaman olusan belirsizlik ve bulanmikliktan otiirii yanls degerlendirmeler
yaparak yanlis sonuclara varma olasiligi ¢ok yiiksektir. Bu belirsizligin yol agabilecegi sorunlarin oniine ge¢mek
amacyla, bulanitk sayilar ve PROMETHEE ydnteminin bir kombinasyonu olan Bulamik PROMETHEE (B-
PROMETHEE) ydntemi gelistirilmistir.

Anahtar kelimeler: Yenilenebilir enerji politikast segimi, bulanik mantik, PROMETHEE, ¢ok kriterli karar verme

1 GIRiS Olgekte yenilenebilir enerji teknolojilerinin yayilmasi
icin bir plan1 degerlendirmek i¢in bulanik ortamda

Enerji kaynaklar iilkeler ve insanlar i¢in dnemli ELECTRE-III metodunu kullandi. Kaya ve Kahraman
konulardan birisidir. Son on yilda, yenilenebilir enerji (2010) riizgar tiirbinleri i¢cin en uygun alani segerken
kaynaklart fosil yakit tiiketimini azaltmak ic¢in ana biitinlesik  bulantkk ~ VIKOR- ~AHP  metodonu
alternative ve aday olarak cesitli iilkeler tarafindan uygulamiglardir. Topcu ve Ulengin (2004) elektrik
kullanilir. Yenilenebilir enerjiler sosyal ve ekonomik iretim sektoriinde en uygun elektrik tiretim alternatifini
gelisim Onemli rol oynar (Mousavi vd., 2017). secmek i¢in enerji kaynaklarmi degerlendiren ¢ok
Yenilenebilir enerji  kaynaklar1 fosil kaynaklarla olgiitlii karar verme temelli biitiinlesik bir karar destek
karsilastirlldiginda bazi avantajlara sahiptir. sagladi. Patlitzianas vd. (2007) yenilenebilir enerji
Yenilenebilir enerji kaynaklar: alternative enerji kaynagi iireticilerinin  ortamin1  degerlendirmek igin Avrupa
olarak da adlandirilir. Yerel kaynaklar1 kullanan Birligi'nin 14  iiyesini  incelemislerdir.  Onlar
yenilenebilir enerji kaynaklart sifir veya sifira yakin degerlendirme i¢in nitel goriiglerin OWA temelli
hava kirliligini saglar. Bagslica yenilenebilir enerji biitiinlesik ¢ok  kriterli karar verme yOntemini
kaynaklart su enerjisi, jeotermal enerji, giines enerjisi, onermislerdir. Afgan ve Carvalho (2002) ekonomik,
riizgar enerjisidir (Kahraman vd., 2009). Yenilenebilir cevre ve sosyal gostergeleri inceleyerek hibrid enerji
enerji kaynagi olmayan fosil yakit kullanimi g¢evre sistemlerinin kalite degerlendirmesi icin siirdiiriilebilir
kirliligi gibi bazi g¢evresel meseleler olusturabilir. degerlendirme metodu 6nermislerdir. Meixner (2009) en
Celisen kriterler altinda en uygun enerji adayini segme iyi enerji kaynag alternatifini segmek i¢in bulanik AHP
enerji tilketimi, lretimi, tedariki i¢in uzun donemde yontemini incelemislerdir. Kahraman vd. (2009) en
enerji karar vericilerine yardim edebilir(Mousavi vd., uygun yenilenebilir enerji alternatifini se¢cmek icin
2017). bulamik AHP ve bulanik aksiyomatik tasarim olmak
Keeney vd. (1987) kriterlerin hiyerarsik yapisini kurdu iizere iki yaklasim Onerdi. Heo vd. (2010) secilen
ve Bati Almanya’nin gelecek enerji sistemlerini yenilenebilir enerji faktdrlerinin 6nemini degerlendirmek
degerlendirmek amaciyla birlesik deger agacinda onlar1 i¢in bulanik AHP uygulamislardir. Haddad vd. (2017)
birlestirdi. Hamalainen ve Karjalainen(1992) elektrik sistemi igin yenilenebilir enerjileri siralarken
Finlandiya’nmin enerji politikalarinin ~ degerlendirme AHP yaklasimmi incelemislerdir.  Sindhu (2017)

kriterlerinin goreceli agirliklarini belirlemek icin AHP biitiinlesik AHP-TOPSIS yaklagimin1 kullanarak giines
kullandi. Mavrotas vd. (1999) ¢ok amagli dogrusal ciftlikleri i¢in uygunluk ¢aligmasi yapmuglardir.
programlama modeli sundu ve Yunanistan -elektrik Bu ¢alismada Mousavi vd. (2017) calismasindaki veriler
uretim sektoriine uyguladi. Beccali vd. (2003) bolgesel ele alinmistir. En uygun enerji se¢imi ic¢in bulanik
PROMETHEE yaklagimi onerilmisti. PROMETHEE
metodunun ¢ok yaygin olarak bagarili bir sekilde
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kullanilmasinin temelinde matematiksel ozellikleri ve
kolay kullanim: gelmektedir. Ancak, yontemde
kullanilan girdi degerleri karar vericilerin diisiince ve
tecriibelerine dayandigi ve dolayisiyla dilsel terimlerle
ifade edildigi zaman olusan belirsizlik ve bulanikliktan
otlirii yanlis degerlendirmeler yaparak yanlis sonuglara
varma olasiligi ¢ok yiiksektir (Efe vd., 2016). Bu
belirsizligin yol acabilecegi sorunlarin Oniine ge¢mek
amaciyla, bulanik sayilar ve PROMETHEE yo6nteminin
bir kombinasyonu olan Bulamk PROMETHEE (B-
PROMETHEE) yontemi gelistirilmistir.

2 YONTEM

PROMETHEE yontemi, Brans tarafindan 1986 yilinda
gelistirilmis fayda fonksiyonlar1 ile kiyaslanamazlik
problemini agabilen ¢ok kriterli karar verme teknigidir.
Dilsel degiskenler ve. PROMETHEE yo6nteminin bir
kombinasyonu olan Bulantkk PROMETHEE yo6ntemi ise
ilk kez Lé Teno ve Mareschal (1998) tarafindan 6ne
stiriilmiistiir. Goumas ve Lygerou (2000) c¢alismasinda
bir algak 1s1da jeotermal alana ait enerji sogurma planlari
alternatiflerinin siralanmasi ve degerlendirilmesi i¢in B-
PROMETHEE kullanmistir. Bilsel vd. (2006) hastane
web sitelerinin performanslarin1 degerlendiren kalite

modeli  gelistirmigler ve bu performanslari B-
PROMETHEE yontemi ile analiz etmislerdir. Liu ve
Guan (2009) calismalarinda demiryollar1  yolcu

hizmetleri kalitesini belirlemek amaciyla, yamuksal
bulanik sayilar kullanarak dilsel verileri bulanik sayilara
doniistiirmiis, alternatifler arasindaki bulanik iligkileri ve
bulanik akislar1 yine bu sayilar yardimu ile hesaplayarak,
PROMETHEE 1I siirecini bulaniklagtirmislardir. Ho
(2006) galismasinda ERP (Enterprise Resource Planning
— Kurumsal Kaynak Planlama) sistemlerinin gelistirilme
yontemleri ve kurulum stratejilerini degerlendirmek i¢in
bulanik mantik ve CKKV’yi birlestirerek bulanik
VIKOR (uzlagik siralama yontemi) ve bulanik
PROMETHEE yontemlerini uygulamistir. Liu ve Guan
(2009) calismalarinda demiryollart yolcu hizmetleri
kalitesini belirlemek amaciyla, yamuksal bulanik sayilar
kullanarak dilsel verileri bulanik sayilara doniistiirmiis,
alternatifler arasindaki bulanik iligkileri ve bulanik
akiglar1 yine bu sayilar yardimi ile hesaplayarak,
PROMETHEE 1I siirecini bulaniklagtirmiglardir. Liao
(2009)’nun otomatik yazilim gelistirmede karsilasilan
secim problemleri konusunda, karar verme siirecindeki
catigmalar1 gidermek ve karar vermeyi sistematik olarak
matematiksellestirmek amactyla PROMETHEE yontemi
bulanik kiime teorisi ile uygulanmigtir. Dadzie vd.
(2015), caligmalarinda kamu girisimcilik sermayesi
alaninda B-Promethee yontemini kullanarak en 1iyi
isletmeyi se¢mislerdir.

Bu c¢aligmada B-PROMETHEE metodu Goumas ve
Lygerou (2000), Le Teno ve Mareschal (1998) ve Bilsel
vd. (2006) tarafindan Onerilen sekilde uygulanmustir.
Dolayisiyla PROMETHEE yontemindeki tiim islemler
ve hesaplamalar bulanik sayilarla gerceklestirilecek olup,
tercih esik degerleri (q ve p) ve agurliklar kesin sayi
olarak kalacaktir. q ve p, bir bulanik sayimnin esnetilmis
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bi¢iminden dolay1 yapilacak degerlendirmelerin belirsiz
olmasinin engellenmesi i¢in bulanik say1 degildir. Ayni
sekilde agirliklar, PROMETHEE metodunda agirliklar
toplammin 1 olmas1 gerektiginden dolayr islem
¢Oziimiinde bulanik say1 olarak kullanilamaz (Yilmaz ve
Dagdeviren, 2010).

Uygulamada tercih  fonksiyonlarinin  belirlenmesi
asamasinda B-PROMETHEE uygulamalarinda en sik
kullanilan ve problemin karakteristi§ine en uygun olan
dogrusal tercih fonksiyonu (5. Tip) se¢ilmis ve Es. (2)’de
gosterilmistir.

P(a,b)=0, x<q

P(a,b)= (x-@)/(p-q), q<x<p

2

P(a,b) = 1, X>p

B-PROMETHEE kullanildiginda Es. (2)’de bulunan a ve
B eylemlerinin performanslart arasindaki fark d, (n,c,d)
bulanik sayisi olarak ifade edilecek ve Es. (3)’teki gibi
olacaktir.

P(a,b)=0, n-c<q

(n,c,d)—q
r-q

P(a,b) = q<n-cven+d < p (3

P(a,b)=1, ntd>p

3 UYGULAMA

Bu calismada en uygun enerji se¢imi i¢in Bulanik
PROMETHEE yontemi 6nerilmistir. Mousavi vd. (2017)
yapmis oldugu calismadaki veriler ele alinmistir. Bes
alternatif (A1, A2,..., A5) ve dort enerji degerlendirme
kriteri (K1, K2, K3, K4) ele alinmistir. Karar siireci ii¢
karar verici (KV1, KV2, KV3) tarafindan yiirGitiilmiistiir.
Karar vercilerin 6nem dereceleri esit Kabul edilmistir.
Alternatifler; biyokiitle enerji (Al), jeotermal enerji
(A2), su giicli (A3), giines enerjisi (A4) ve riizgar
enerjisi (A5) olarak belirlenmistir. Kriterler; teknoloji
(K1), Cevre (K2), sosyal (K3) ve ekonomik (K4) olarak
belirlenmistir. Bu ¢alisma 6nem derecelerini belirlemek
icin Tablo 1’deki dilsel degiskenleri kullanmistir. Bu
caligmada bulantkk PROMETHEE yontemi igin
kullanilacak olan bulanik degerler Tablo 2’de verilmistir.

Tablo 1. Kriter agirliklar: igin sézel ifadeler ve bulanik
tiggen sayt olarak karsiliklar:

Sozel Ifadeler Ucgen Bulanik Say1 Karsilig:
Cok yiiksek (CY) (3.50,4.00,4.50)

Yiiksek (Y) (2.50,3.00,3.50)

Orta (O) (1.50,2.00,2.50)

Diusiik (D) (0.60,1.00,1.50)

Cok diisiik (CD)  (0.1,0.20,0.30)




Tablo 2. Bulanik PROMETHEE i¢in sézel ifadeler ve Karar vericilerin kriterlerle ilgili goriisleri Tablo 3’te

bulanik ii¢gen sayi olarak karsiliklar: gosterilmistir. Tablo 4, her bir karar vericiye gore kriter
Sozel Ifadeler Uggen Bulanik Say1 Karsiligt temelli alternatiflerin degerini gostermektedir.
Cok gok yiiksek  (0,9; 15 1) o e
(CCY) Tablo 3. Karar vericilerin kriterler hakkindaki goriisleri
ok Yiiksek (CY 0,8;1;1 .
iﬁksek ™ ©Y) EO, 55 0,8); 0 Kriterler - Kara; \$;iciler -
Orta Yiksek (OY) (0,5; 0,65;0.8) < % v v
Orta (O) (0,3; 0,5; 0,65) ¢
— K2 0] Y D

Orta Diigiik (OD)  (0,15;0,3; 0,5) G v o o
Diisiik (D) (0; 0,15; 0,3)

Cok Diigiik (CD) _ (0; 0; 0,15) K4 CY Y 9%

Tablo 4. Karar vericilerin kriter temelli alternatifler hakkindaki gériisleri

Kriterler Alternatifler Karar vericiler
KV1 KV2 KV3
K1 Al CCY Y oy
A2 oy 0] 0
A3 CYy CCY Y
A4 CD OD D
A5 o D oy
K2 Al o oy Y
A2 OD oy Y
A3 (0)' Y CY
A4 CD D CDh
A5 D 0] 0O
K3 Al CD 0] 0]
A2 (0] D OD
A3 (0] CD D
A4 CcYy CCYy CY
A5 oYy 0] oy
K4 Al (0] o Y
A2 o o (0]
A3 o Y 0]
A4 oD CD CD
A5 o OD D

Bulantkk PROMETHEE yonteminde esik degerleri Alternatiflerin siralamasi A3>A1>A2>A5>A4

onemlidir. Bu nedenle uzman goriislerini birlestirmek seklindedir. Bu sonuglara gdre yenilenebilir enerji
problem olusturabilir. Bu g¢alismada her bir uzmanin kaynagi olarak ele alinmasi gereken ilk enerji kaynagi su
goriisleri ayr1 ayr1 degerlendirilir. Bulunan degerler giicli iken en son ele alinmasi gereken enerji kaynagi
birlestirilir ve Tablo 5’teki sonuglar elde edilir. giines enerjisi olarak belirlenmistir.

Tablo 5. Bulanik PROMETHEE sonuglari

Alternatif 1 2 3 4 5 Pozitif net Tiim net
1 0 0.3438 0.2552 0.6834 0.4169 0.4248 0.2901

2 0.0833 0.0000 0.0000 0.5415 0.2781 0.2257 -0.0394
3 0.1667 0.3892 0.0000 0.6834 0.5836 0.4557 0.3100

4 0.2054 0.2054 0.2054 0.0000 0.1263 0.1857 -0.3758
5 0.0833 0.1221 0.1221 0.3374 0.0000 0.1662 -0.1850
Negatif net 0.1347 0.2651 0.1457 0.5614 0.3512
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4 SONUC

En uygun yenilenebilir enerji politikasini
belirlemek enerji sektoriinde karmasik bir karar verme
siireci olarak digiiniiliir. Bu karar1 verebilmek igin
celiskili kriterler belirsiz bir ortamda en iyi yenilenebilir
enerji kaynagimmi se¢cmek icin degerlendirilir. Bununla
basa ¢ikabilmek i¢in bu ¢aligma bulanik PROMETHEE
yaklagimint 6nermistir. Kriterlerin ikili karsilagtirma
matrisi {i¢ uzman goriisii tarafindan belirlenir. Bu
goriisler birlestirilir ve durulastirma ydntemiyle kriter
agirliklar: belirlenir. Kriter temelli alternatifler ii¢ uzman
goriisii tarafindan belirlenir ve bulanik PROMETHEE
yontemi  uygulanir. B-PROMETHEE yonteminde
kullanilan p ve q tercih esik degerleri farkli alindig:
zaman yenilenebilir enerji kaynaklarinin siralamasi farkl
olabilir. Bu durum 6nerilen yontemin eksikligi olabilir.
Gelecekteki calismalarda yenilenebilir enerji kaynaklart
degerlendirilmesi i¢in farkli ¢ok Olciitlii karar verme
tekniklerinin hibrid yaklagimlarindan yararlanilabilir.
Ayrica bu ¢alismada 6nerilen yaklagim personel segimi,
tedarik¢i se¢imi, yazilim se¢imi, tesis yer se¢imi gibi
farkli uygulama alanlarinda kullanilabilir.
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Kaba Kiime-ViKOR Biitiinlesik Yaklasim Ile Miisteri Odakh
Tedarikgi Se¢cimi
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Ozet: Giiniimiizde firmalar icin, artan rekabet kosullari ile birlikte miisteri odakli kaliteli iiriinler iiretmek ve pazar
payint arttirmak igin isletmeler arast uyum gittikce daha da 6nemli bir hale gelmeye baslamistir. Bu yiizden; bu
firmalarin Tedarik Zinciri Yonetimi(TZY) nin temel unsurlari olan gerek tedarikgiler ve gerekse miisteriler
arasindaki iligkilerini ve giivenlerini koordineli olarak yeniden yapilandirmalari biiyiik bir onem arz etmektedir.
Tedarikgilerle gelistirilen uyum, giiven ve karsilikli isbirliginin iiriin maliyetinin diisiiriilmesi, kalitenin arttirilmasi,
miisteri memnuniyetinin saglanmasi, teknolojik gelismeler ve inovasyona agik olunmasi gibi konular iizerinde pozitif
etkiler yapacagi goriilmektedir. Dolayisiyla, isletmeler i¢in Tedarik Zinciri Yonetimi’'nin temel konularindan olan
tedarik¢i segim problemi énemli faaliyetlerinden biridir. Bu ¢alismanin amaci, kimya sektoriinde faaliyet gésteren
bir isletme i¢in tedarik¢i secim modelini ele alarak diigiik maliyetli, miisteri odakli, yenilik¢i ve pazarlama alaninda
gelismis bir tedarik¢i secimi yapmaktir. Tedarik¢i secim probleminin degerlendirilmesi icin Kaba kiime ve VIKOR
biitiinlesik yaklasimdan yararlanimistir. Kaba kiime yontemi eldeki verinin sagladigi yararl bilginin miktarin
olemede kullaniimaktadir. VIKOR yontemi ise Kaba kiime ile elde edilen kriter agirliklar: ve tedarikgilere ait
verilerden yola ¢ikarak hangi tedarik¢inin segilmesi gerektigini belirlemek icin kullanilmigtir.

Anahtar Kelimeler: Cok Olgiitlii Karar Verme, Inovasyon, VIKOR, Tedarikci Segimi

mevcuttur. Problem ile ilgili mevcut ¢aligmalar,
kullandiklar1 yontemler itibariyle; ¢cok kriterli karar
verme (CKKYV) teknikleri, Matematiksel
Programlama ve Melez Yaklagimlar olmak {iizere ii¢
ana baglikta toplanabilir [1]. Literatiirde, dogrusal
programlama ve AHP, AHP ve Hedef Programlama,

1. GIRiS

Gilintimiizde firmalar igin, artan rekabet
kosullar1 ile birlikte miisteri odakli kaliteli triinler

iretmek ve pazar payimi a.r.ttlrmgk .i(;in isletmeler AHP ve ELECTRE, Analitik Ag Prosesi ve Hedef
arasi uyum glttlk(;e"daha da dnemli bir halel gelr.neyf? Programlama, Bulanik Hedef Programlama ve
baslamistir. Bu yiizden; firmalarin Tedarik Zinciri PROMETHEE melez yaklagimlari ile probleme

Yonetimi(TZY) nin temel unsurlart olan gerek
tedarikgiler ve gerekse miisteriler arasindaki
iligkilerini ve giivenlerini koordineli olarak yeniden
yapilandirmalart biiyiik bir 6nem arz etmektedir.
Tedarikgilerle gelistirilen uyum, giiven ve karsilikli

¢Oziim getiren pek ¢ok calisma olmakla beraber Kaba
kiime ve VIKOR yontemlerini beraberce kullanan
yalnizca bir ¢alisma mevcuttur. Agirgiin(2012),
bulanik kaba kiimeler ile gelistirilmis Analitik
hiyerarsi siirecinden (AHS) elde edilen agirliklarla,

igbirliginin urun ma}liyetinin dlZisﬁr'iil‘mesi, Vkalitenin klasik AHS’den elde edilen agirliklar1 birlestirerek
arttirllmasi, miisteri memnuniyetinin saglanmasi, VIKOR yontemi ile tedarikgileri siralamstir.
yonetimsel gelismeler ve inovasyona agik olunmast

gibi konular iizerinde pozitif etkiler yapacagi
goriilmektedir. Dolayisiyla, isletmeler i¢in Tedarik
Zinciri Yonetimi’nin temel konularindan olan
tedarik¢i se¢im problemi Onemli faaliyetlerinden

biridir.

Bu c¢aligmanin amaci, kimya sektoriinde faaliyet
gosteren bir igletme i¢in tedarik¢i se¢im modelini ele
alarak diigiik maliyetli, miisteri odakl1 ve yenilik¢i bir
tedarik¢i se¢imi yapmaktir. Bunun i¢in, miisteri ve
yonetim sorunlar1 ele alarak Kaba Kiime ve VIKOR

ontemleri ile en wuygun tedarik¢i sec¢iminde
Literatlirde 1960°dan giinliimiize tedarik¢i se¢imi ve 4 e ¢ ¢

degerlendirme problemi ile ilgili pek cok calisma

biitiinlesik bir yaklagim kullanilmigtir. Kaba Kiime tedarikgilere ait verileri kullanarak tedarikgiler igin
yontemi  kriter  agirliklarimi  belirlemek  igin bir siralama elde edilmistir.

kullanilmigtir. VIKOR yéntemi ise bu agirhiklart ve
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2. YONTEMLER

2.1. Kaba Kiime Yontemi

Kaba kiime teorisi, bulanik c¢alisma ve
belirsizlik problemleri igin Pawlak[3] tarafindan
onerilen yaygin ve kabul géren matematiksel bir
aragtir. Belli kosullar altinda nesne siniflandirmasini
belirlemek icin bilginin kullanilmasint miimkiin
kilan, az miktarda degismeyen kiimenin (¢ekirdek) ve
biyilk verilerde asgari bir kural kiimesinin
(basitlestirilmesi) ¢oziilmesine iligkin teoriyi kapsar.
Bu yontemde ek ve on bilgiye ihtiyag yoktur. 6
islemden olusmaktadir[4]:

1. S = (U, A V, F) bir bilgi sistemi olarak
tamimlansin. U: bos olmayan sonlu kiimenin bir
nesnesi. A: kriterlerin bos olmayan sonlu bir
kiimesi, A = CUD, CnD = @. C: kosul kriter kiimesi.
D: karar kriter kiimesi. V = UagAVa, Va: a’nin
araligi; f:U x A — V : her kriter igin her nesneye bir
mesaj degeri veren bir bilgi fonksiyonudur. VagA,
xeU, f(x, a)eVa

2.B(B&A)’nin bos olmayan bir alt kiimesinin her
birine IND(B) denklik iligkisi vardir. IND(B) =
{(x.y)/(x,y €U x U, VbeB(b(x) = b(y) )}

3.U/IND(B) = (X1, X2, ....... , Xn) ifadesini temsil
eden IND(B) U nesnesini olusturur. Burada A, farkli
denklik siniflari i¢indir.

4PCA, HP) = -YI-, P(Xi)log2 P(Xi) ic¢in bilgi
entropisine ait kriterlerin alt kiimesidir. Burada P(Xi)

= |Xi] / U], U]IND(p) = { X1, X2, ....... , Xn },
i=1,2,....n.
5P(U[IND(P)) = {X1, X2,.....Xn} entropisi

iizerinde Q(U|IND(Q)) = {Y1, Y2,.....,Ym} kosul
kriterlerinin ~ bir alt kimesi H(Q|P) = -
Yiz1 P(Xi) XL, P(Yj|Xi) log2 P(Yj|Xi) dir. Burada,
P(Yj|Xi) kosullu olasiliktir, i=1,2,....,n, j=1,2,....,m.

6.S = (U, A V, f) bir bilgi sistemidir. Bununla
birlikte, A = CUD, CnD = @, EEC. A’nin 6nem
derecesi SGF(a, E, D) = H(D|E) - H(D|E U{a})’dir.
Belirli bir kriter alt kiimesi E i¢in, SGF(a, E, D)
degeri ne kadar biiylikse karar D i¢in o kadar
onemlidir.

64

2.2. VIKOR Yéntemi

Serafim Opricovic tarafindan ilk kez ortaya atilan
VIKOR yontemi, 2004 yilinda Opricovic ve Tzeng
tarafindan yapilan calisma ile birlikte ¢ok kriterli
karar verme problemlerinin ¢éziimiinde kullanilmaya
baglanmistir.  Yontemin temelinde, alternatifler
1s181inda ve degerlendirme kriterleri kapsaminda bir
uzlasik ¢Oziimiin tespit edilmesi vardir. Bu uzlasik
¢ozlim, ideal ¢oziime en yakin ¢oziim olarak ortaya
cikmaktadir. Uzlasik ¢oziim ifadesiyle, alternatifler
icin ¢ok kriterli siralama indeksi olusturarak, belirli
kosullar kapsaminda ideal ¢oziime en yakin kararin
verilmesi anlasilmaktadir. Her alternatifin, karar
verme kriterleri bazinda degerlendirildigi varsayimi
altinda, ideal alternatife  yakinlik  degerleri
karsilastirilarak uzlasik siralamaya ulasilir. VIKOR
yontemi 6 adimdan olugmaktadir| ].

1. Tim kriter i¢in alternatiflerin aldig1 en iyi ve en
kotii degerlerin belirlenir.

2. Her bir alternatif i¢in ortalama ve en kotii skorlar
degerlerinin hesaplanir.

3. Her alternatif veya degerlendirme birimi igin
maksimum grup faydasinin hesaplanir.

4. Elde edilen ortalama, en kotii skor ve maksimum
grup faydasi degerlerleri kiigiikten biiyiige olacak
sekilde siralanir. Burada, en kiigiik grup faydasi
degerine sahip alternatif en iyi alternatiftir.

5. 4. Adimdaki siralamaya gore karar vericiler i¢in
kabul edilebilir avantaj ve kabul edilebilir
istikrar kiimeleri belirlenir.

3. UYGULAMA

Bu boliimde, miisteri odakli en iyi tedarikgi segimi
icin, karar matrisinde olusan celiskilerden dolay1
probleme daha iyi yon vereceginden Kaba Kiime ve
kiyaslanmazlik problemini pratik olarak asabildigi
igin VIKOR yontemleri uygulanmigtir. Kaba Kiime
yontemi tedarikgilere ait kriter agirligini belirlemek
icin kullanmilmistir. Firma ydneticilerinin de oldugu
uzman ekip tarafindan belirlenen kriterler; maliyet,
teslimat siiresi, kalite, modern yonetim anlayigi ve
inovasyondur. VIKOR yéntemi ise Kaba Kiime ile
elde edilen kriter agirliklar1 ve tedarikgilere ait
verilerden yola ¢ikarak hangi tedarik¢inin segilmesi
gerektigini belirlemek i¢in kullanilmigtir. Biitlinlesik
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yaklasim atik su analizinde test kiti lireten 4 tedarikgi
firma yoneticilerinden alman gercek verilerle
calistirilmustir.

Tedarik¢i se¢imi ve degerlendirilmesinde kullanilan
kriterlerin kisaca tanimlart ve Ozellikleri soyledir:
Maliyet kriteri; bir kutu test kitinin Euro cinsinden
satig fiyatidir. Kalite kriteri, hatali {iretim orani olarak
ifade edilmektedir ve karar matrisinde % sapma ile
ifade edilmistir. Teslimat siiresi Kriteri; tiriinlerin
miisterilere ulastirilma siiresinin uygunluk diizeyidir.
Bu kriter 1-10 arasinda puanlandirma yapilarak
degerlendirilmistir. Modern yonetim ve inovasyon
kriteri; yeni yonetim anlayisi ve yeniliklere uyum
diizeyidir. Bu kriter de teslimat siiresi Kriterinde
oldugu gibi 1-10 arasinda puanlandirma yapilarak
degerlendirilmistir.

3.1. Kaba Kiime yiéntemi ile Kriter Agwrliklarinin
Belirlenmesi

Tedarik¢i secim problemine ait karar matrisi
iizerinde gerceklestirilen Kaba Kiime yoOntemi
adimlart ile kriter agirliklart biyiikten kiiclige
sirastyla; maliyet kriteri %37.2, teslimat siiresi kriteri
%25.6, kalite kriteri %18.6 ve modern yonetim ve
inovasyon kriteri %18.6 olarak elde edilmistir.

3.2. VIKOR Yontemi ile En Iyi Tedarik¢inin
Belirlenmesi

VIKOR Yontemi ile miigteri ihtiyac1 temelinde test
kiti iireten 4 tedarik¢i firmanin belirlenen kriterler
nazarinda Oncelik siralamast yapilmistir. Miisteri
odakli tedarik¢i se¢imi i¢in olusturulan modelin
VIKOR yéntemine gore 6 adimdan olusan ¢dziimii
Microsoft Office Excel 2013 kullanilarak yapilmigtir.
Kriterler bazinda alternatif destek programlarina ait
sayisal veriler tedarik¢i firma yoneticilerden elde
edilmis ve Tablo-1"de karar matrisinde gosterilmistir.
Karar matrisindeki kriter agirliklar1 Kaba kiime
yontemi ¢iktilaridir.

Kaba Kiime-VIKOR yontemi sonucu Tablo-2’de
maksimum grup faydasi degerleri kiigiikten biiyiige
sirali olarak verilmistir. Belirtilen sira, her bir
tedarik¢inin Oncelik sirasini gostermektedir. Buna
gore en iyi alternatif ilk sirada yer alan Tedarikgi-
1’dir.

Tablo 1. Karar Matrisi

. Kalite Modern
Kriterler— Maliyet (£) (Ysapma) Teslimat siiresi yﬁnetim ve
inovasyon
Kriter Agirliklari— 0.372 0.186 0.256 0.186
Alternatifler|
Tedarikei 1 50 %2 2 8
Tedarikgi 2 80 %5 4 7
Tedarikei 3 75 %3 5 6
Tedarikgi 4 70 %1 7 7
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Tablo 2. Tedarikgilerin ortalama, en kétii skor ve maksimum grup faydasi degerleri

S(j) R(j) Qfj)
Alternatifler|
Tedarikei 1 0.30264264 | 0.25615215 | 0.033083
Tedarikei 4 0.34093027 | 0.24794929 | 0.038142
Tedarikei 3 0.69134041 | 0.30993661 | 0.637214
Tedarikei 2 0.80455816 | 0.37192393 1
4. SONUC REFERANSLAR

Kiiresellesen diinyada isletmeler i¢in daha
rekabetci sartlarin  saglanabilmesi igin kaliteli,
yenilik¢i ve miigteri isteklerine uygun iretim siirecine
sahip olmalar1 gerekir. Bu yiizden, miisteri istegine
uygun {iretim agisindan tedarikcilerden alinan
malzeme ve hammaddelerin Kalitesi, maliyeti ve
giivenilirligi isletmeler i¢in her zaman Onemli
olmustur. Dolayisiyla, isletmeler i¢in miisteri odakli
etkin bir tedarik zinciri yonetimi kurulmasi isletmeler
arasi rekabette avantaj saglayacaktir. Tedarik zinciri
yonetimin en 6nemli konularindan biri de tedarikgi
secimidir.

Bu caligmada modern yonetim ve yenilige
yonelik c¢aligmalarimi  da iginde barindiran bir
isletmenin iretimde misteri odakli faaliyetlerine
uygun olarak tedarik¢i secim siirecine bir uygulama
yapilmigtir. Kaba kiime yonteminden elde edilen
sonuglara gore, tedarikgilerin degerlendirilmesinde
maliyet ve teslimat siiresi kriterleri biiyiik rol
oynamaktadir. Karar matrisi incelendiginde bu iKi
kriter i¢in tedarikgilere ait wverilerde farkliliklar
gbzlemlenmistir. Kalite ve modern
yonetim&inovasyon kriterleri ise tedarikgilerin
degerlendirilmesinde ¢ok az etkili olabilmektedir.

Ciinkli karar matrisinde bu kriterlere ait verilerde
ayriklik(celigki) daha fazla oldugundan daha az bilgi
vermektedir. VIKOR yonteminde en iyi alternatifin
Tedarik¢i-1 olmasinda en yiiksek agirliga sahip
maliyet kriterinin 6nemli Olglide etkisi oldugu
goriilmiistiir. Dolayisiyla, uygulamanin yapildig:
isletmenin tedarikgi-1’1 tercih etmesi gerektigi ve
tedarik¢i seciminde bu isletme i¢in maliyet ve
modern  yonetim&inovasyon  Kriterlerinin  daha
onemli oldugu sonucuna ulagilmistir.
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KRITIK-TOPSIS Biitiinlesik Yaklasimi ile Akreditasyon-Temelli Tedarikgi
Secimi

Mehmet Akif YERLIKAYA® - Feyzan ARIKAN?

Ozet: Giiniimiiz diinyasinda cevresel siirdiiriilebilirlik konusu tedarik zinciri icerisinde artan bir 6nem kazanmigstir.
Bir tedarik zincirinin c¢evresel siirdiiriilebilirligi, tedarik zinciri tiyelerinin satin alma stratejisine baghdir.
Geleneksel satin alma stratejileri maliyet, kalite, teslim siiresi miisteri memnuniyeti gibi kriterleri tedarik¢i
segiminde on plana ¢ikarmistir. Ancak, son zamanlarda gevresel siirdiiriilebilirligi vurgulayan, yasal uygulamalarla
cergevesi belirlenmis kriterler; ozellikle dogayi tehdit eden Kimyasal atiklar olusturan firmalarin akredite
olabilmesinde kritik hale gelmistir. Kimyasal analiz iceren bir iiretim siirecinde iiretimin aksamamasi i¢in
maliyetleri diigiik tutmak agisindan akredite edilmiy etkin bir tedarik zinciri kurulmalidir. Dolayisiyla bu ¢alismada,
kimya endiistrisinde yer alan bir firma i¢in, atik suyun saghg: tehdit edip etmedigini ol¢timleyen test kiti iireten
tedarikciler arasindan secim problemi ele alimmustir. Problemin ¢oziimii icin KRITIK ve TOPSIS yontemleri
biitiinlesik olarak kullamimistir. KRITIK yontemi ile kriterler agwrliklar: belirlenmistir. Dikkate alinan Kriterler;
maliyet, bilgi ve beceri, kalite, kalibrasyon, yonetim sistemi ve teknoloji kriterleridir. Calismada veriler,
tedarikgilerden birebir goriismeli anket calismasi ile elde edilmistir. TOPSIS yénteminin sonucunda kimya
sektortindeki bahsi gegen firma icin en etkin tedarikgi belirlenmigtir.

Anahtar Kelimeler: KRITIK, Akreditasyon, TOPSIS, Tedarik¢i Secimi

1. GIRiS Literatirde 1960’dan giiniimiize tedarikgi
secimi ve degerlendirme problemi ile ilgili pek ¢ok
galisma mevcuttur. Problem ile ilgili mevcut

Giiniimiizde  degisen pazar kosullariyla calismalar, kullandiklar1 yontemler itibariyle; ¢ok
beraber bir sirketin pazar paym kaybetmemesi i¢in kriterli karar verme (CKKV) teknikleri, Matematiksel
bu kosullara uyum saglamasi gerekmektedir. Hizla Programlama ve Melez Yaklasimlar olmak iizere ii¢
gelisen teknoloji, inovasyon ve Kkalite standartlar ana baglkta toplanabilir [1]. Genel tedarikgi se¢imi
alanindaki gelismeler sayesinde {iretim siireci daha ve degerlendirmesi ¢aligmalari ile ilgili tam bir resim
hizli ve verimli, iiretilen {riinler daha Kkaliteli elde etmek igin, tablo-1’de verilen genel literatiir
olabilmekte ve iiriin gesitliligi saglanabilmektedir. aragtirmast  incelenebilir  [2]. Bu  calismalara
Biitiin bu gelismelerin sonucu olarak da giderek bakildiginda tedarikgi segiminde. COKV yo6ntemi
rekabet artmis ve pazar genislemistir. Artan iiriin ve olarak daha ¢ok AHP, ANP, TOPSIS, PROMETHEE
tretici gesitliligi ile birlikte teknolojik gelismeler ve ve ELECTRE yontemleri kullanilmustir. Literatiirde,
kalite standartlarina uyum da goz Oniine alinarak tek KRITIK ve TOPSIS yoéntemlerini bir arada kullanan
tedarikgiyle ¢alismak sirketin biitiin ihtiyaglarini caligma mevcut degildir.

karsilamaya yetmemektedir. Ozellikle cevresel
politikalardan dolay1, kimyasal analiz igeren bir

iretim  slirecinde ise iiretimin  aksamamasi, Bu c¢alisma, c¢evresel politikalar agisindan
maliyetleri diisiik tutmak agisindan akredite edilmis birden ¢ok karar alternatifi bulunan ve birgok kisinin
etkin bir tedarik zinciri kurulmalidir. Ayni sekilde karar vermesi gereken gercek hayattaki kosullarda,
sitket ile tedarik¢i arasindaki uyum ve tedarik alternatifler arasindan akreditasyon temelli en iyi
zincirinin verimli igleyebilmesi i¢in tedarikgilerin tedarik¢iyi se¢meyi amaglamaktadir. Bunun igin,
birbirleriyle uyumu biiyiik 6nem arz etmektedir. Bu akreditasyon ve teknolojik sorunlar1 ele alarak
noktada da tedarikgi segimi oldukga stratejik ve ciddi KRITIK ve TOPSIS yontemleri ile en uygun
bir karar olarak ortaya ¢ikmaktadir. tedarik¢i  seciminde  biitiinlesik  bir  yaklagim
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bu agirliklar1 ve tedarikgilere ait verileri kullanarak
tedarikgiler igin bir siralama elde edilmistir.

No Yazar(lar) Yil Yontem(ler) Uygulama Alani
1 Nydick ve Hill 1992 AHP
2 Ghodsypour ve O'Brien| 1998 AHP+LP 170 Ureticisi
3 Boer vd. 1998 ELECTRE |
4 Yahya ve Kingsman | 1999 AHP Girigimei Geligtirme Programi
5 Dagdeviren ve Eren | 2001 AHP+0-1 GP
b Tam ve Tummala 2001 AHP Telekomiinikasyon Endiistrisi
7 Chan ve Chan 2004 AHP {leri Teknoloji Endiistrisi
8 Wang vd. 2004 AHP+PGP Varsayimsal Otomobil Ureticisi
9 Dagdeviren vd. 2005 ANP
10 Yang ve Chen 2006 | AHP+Grilligkisel Analiz | Dizis til Bilgisayar Ureticisi
11 Seydel 2006 VZA, SMART FBK Endilstrisi
12 Akman ve Alkan 2006 Bulanik AHP Otomativ Yan Sanayii
13 Paksoy ve Giiles 2006 AHP Teks til Ureticisi
14 Chen vd. 2006 Bulanik TOPSIS Yiiksek Teknoloji Ureticisi
15 Chan ve Kumar 2007 Bulanik AHP Uretim Isletmesi
16 Xia ve Wu 2007 AHP+MOMIP Varsayimsal Ornek
17 Secme ve Ozdemir | 2008 Bulanik AHP Mobilya Ureticisi
18 Chan vd. 2008 Bulanik AHP Uretim Isletmesi
19 Chou ve Cheng 2008 Bulanik SMART Bilgi Teknolojileri Endiistrisi
20 Dagdeviren ve Eraslan| 2008 PROMETHEE Elektronik Sektdri
21 Ecer ve Kiigiik 2008 AHP Magazalar Zinciri
22 Mendoza vd. 2008 AHP+PGP Uretim Igletmesi
23 Kirytopoulos vd. 2008 ANP {lag Endiistrisi
24 Wang vd. 2009 | Bulanik Hiyerarsik TOPSIS Batarya Ureticisi
25 Boran, Geng vd. 2009 | Sezgisel Bulanik TOPSIS Otomativ Sanayii
26 Lin 2009 Bulanik ANP+MOLP
27 Ku vd. 2010 Bulanik (AHP+GP) Elektronik Sektoril
28 Lin vd. 2010 ANP+TOPSIS+LP Elektronik Sektoril
29 Bagheri ve Tarokh | 2010 AHP+Bulanik TOPSIS Otomativ Sanayii
30 Ozdemir 2010 AHP Otomativ Sanayii
31 Chamodrakas vd. 2010 Bulanik (AHP+Prog.) Elektronik Pazaryeri
32 Sevkli 2010 | ELECTRE, Bulanik ELECTRE Otomativ Yan Sanayii
33 Sanayei vd. 2010 Bulanik VIKOR Otomativ Yan Sanayii
34 Fazlollahtabarvd. | 2011 | AHP+TOPSIS+MONLP Elektronik Market
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2. YONTEMLER

2.1. KRITIK Yontemi

Diakoulaki vd. (1995), sekiz adet Yunan
eczacillik  firmasinin  performansin1  dlgtiikleri
calismada kullandiklart {i¢ degerlendirme kriterini
agirliklandirmak amaciyla CRITIC, Standart Sapma
(SD) ve Ortalama Agirliklar (MW) yontemlerini
geligtirmistir. CRITIC yonteminde, karar matrisi
analitik olarak incelenerek degerlendirme
kriterlerinde bulunan bilginin cikarilmasi
amaclanmaktadir. CRITIC Yo6ntemi’nin algoritmasi
asagida gosterildigi gibidir[3].

e Adim 1. Karar Matrisinin Normalize
Edilmesi

o Adim 2. Korelasyon Katsay1 Matrisinin
Olusturulmasi

e  Adim 3. Degerlendirme kriterlerinde
bulunan zitlik yogunlugu (contrast intensity)
ve ¢eliskilerden (conflicts) probleme ait
toplam bilginin hesaplanmast

e Adim 4. Kriter agirliklarinin hesaplanmasi

2.2. TOPSIS Yiontemi

TOPSIS Yontemi uzlagik ¢oziim kavramina
dayali olarak en iyi alternatifi segmek amaciyla
Hwang ve Yoon (1981) tarafindan gelistirilen bir
CKKYV teknigidir. TOPSIS Yonteminin temel ilkesi,
uygulama sonucu segilen alternatifin pozitif ideal
coziimden en kisa Oklid mesafesinde, negatif ideal
¢oziimden ise en uzak Oklid mesafesinde olmasidur.
Pozitif ideal ¢oziim, ele alinan problemle ilgili
toplam faydayr maksimize ederken ayni zamanda
toplam maliyeti minimize eden ¢oziimdiir. Tersine
olarak, negatif ideal ¢6ziim fayday1 minimize ederken
toplam maliyeti maksimize eden ¢dziimdiir. TOPSIS
Yontemi 5 adimdan olusmaktadir [4]:

e  Adim 1. Karar Matrisinin Normalize
Edilmesi.

e Adim 2. Agirliklandirilmig normalize
matrisin diizenlenmesi.

e Adim 3. Pozitif ve negatif ideal ¢6ziim
noktalarinin hesaplanmas.
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e Adim 4. Pozitif ve negatif ideal ¢6ziim
noktalaria olan uzakliklarin hesaplanmasi.

e Adim 5. Ideal ¢6ziim noktasina olan géreli
yakinligin hesaplanmasi.

e Adim 6. Alternatiflerin siralanmasi.

3. UYGULAMA

Bu boliimde, akreditasyon temelli en 1iyi
tedarik¢i se¢imi i¢in, karar matrisinde olusan
celiskilerden dolaytr probleme daha iyi yon
vereceginden KRITIK ve kiyaslanmazlik problemini
asabildigi icin TOPSIS yéntemleri uygulannustir.
KRITIK yoéntemi tedarikgilere ait kriter agirligini
belirlemek i¢in kullanilmistir. Firma ydneticilerinin
de oldugu uzman ekip tarafindan belirlenen kriterler;
maliyet, bilgi ve beceri, kalite, kalibrasyon, yonetim
sistemi ve teknolojidir. TOPSIS yéntemi ise KRITIK
ile elde edilen kriter agirliklar1 ve tedarikgilere ait
verilerden yola ¢ikarak hangi tedarik¢inin segilmesi
gerektigini belirlemek icin kullanilmistir. Biitiinlesik
yaklasim atik su analizinde test kiti {ireten 4 tedarikgi

firma yoneticilerinden aliman gercek verilerle
calistirilmgtir.
Tedarik¢i se¢imi  ve degerlendirilmesinde

kullanilan kriterlerin kisaca tanimlart ve &zellikleri
sOyledir: Maliyet kriteri; bir kutu test kitinin satis
fiyatidir. Bilgi ve beceri kriteri, ilgili tedarikgi
firmada test kiti iretimi ve analizinde gorevli
personel ya da personellerin bilgi seviyesi ve
uygulama becerisidir. Bu kriter bazinda tedarikgiler
1-10 arasinda puanlandirma yapilarak
degerlendirilmistir. Kalite kriteri, hatali tiretim oram
olarak ifade edilmektedir. Kalibrasyon Kkriteri;
dogrulugundan emin olunan referans Ol¢iim ile
dogrulugundan emin olunmayan bir dl¢limiiniin
mukayese edilmesiyle elde edilen test kiti giivenirlik
oramidir [5]. Yénetim sistemi kriteri; tedarikgi
firmanin satis ve pazarlamada etkisi, modern yonetim
anlayis1 ve kalite standartlarma uyum diizeyidir. Bu
kriter de bilgi ve beceri kriterinde oldugu gibi 1-10
arasinda puanlandirma yapilarak degerlendirilmistir.
Teknoloji kriteri; tedarik¢i firmanin kullanmig oldugu
Olciim cihazlari, laboratuvar malzemeleri ve
bilgisayar programlarinin teknolojik gelismelere
uyum diizeyidir [6]. Bu kriter bazinda tedarikgiler 1-5
arasinda puanlandirma yapilarak degerlendirilmistir.
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3.1. KRITIK yéntemi ile Kriter Agwliklarinin
Belirlenmesi

Tedarikgi se¢im problemine ait karar matrisi
lizerinde gerceklestirilen KRITIK yéntemi adimlar
ile kriter agirliklart biiylkten kiigige sirasiyla;
teknoloji %24, yonetim sistemi %19, kalibrasyon
%16, maliyet %216, bilgi ve beceri %13 ve kalite
%12 olarak elde edilmistir.

3.2. TOPSIS Yintemi ile En lIyi Tedarik¢inin
Belirlenmesi

TOPSIS Yontemi ile Akreditasyon temelinde
test kiti {ireten 4 tedarik¢i firmanin belirlenen
kriterler nazarinda oOncelik siralamasi yapilmistir.
Akreditasyon temelli tedarik¢i se¢imi i¢in olusturulan
modelin TOPSIS yoéntemine gore 6 adimdan olusan

¢Oziimii Microsoft Office Excel 2013 kullanilarak
yapilmustir.  Kriterler bazinda alternatif destek
programlarina ait sayisal veriler tedarik¢i firma
yoneticilerden elde edilmis ve Tablo-1’de karar
matrisinde gosterilmigtir. Karar matrisindeki Kkriter
agirhklart KRITIK yontemi g¢iktilaridir. KRITIK-
TOPSIS yontemi sonucu Tablo-2’de Ideal ¢dziime
gore yakinlik degerleri biiylikten kiiglige sirali olarak
verilmistir. Belirtilen sira, her bir tedarik¢inin 6ncelik
sirasint gostermektedir. Buna gore en iyi alternatif ilk
sirada yer alan Tedarikgi-1’dir.

Tablo 1. Karar matrisi

. . Bilgi Ve Kalite Kalibrasyon | (... .. . . -
Kriterler— | Maliyet (£) Beceri (Yosapma) | (Ygiiven) Yonetim Sistemi | Teknoloji
Kriter
Agirhiklan— 0,16 0,13 0,12 0,16 0,19 0,24
Alternatifler|
Tedarikgi 1 50 8 %2 %96,5 7 2
Tedarikgi 2 80 5 %5 %96 8 4
Tedarikgi 3 75 6 %3 %98,5 6 4
Tedarikgi 4 70 9 %1 %98 7 3

Tablo 2. Tedarikgilerin net akis degerleri
fepd cpt Ideal Coziime Goreli
Sira Alternatifler P021t1f"Ide"a 1.. Negatlled?a{ Yakinligin
Ayrim Olgiisii Ayrim Olgiisii
Hesaplanmasi
1 Tedarikgi 1 0.075641909 0.08864538 0.5395754
2 Tedarikei 2 0.08976604 0.09220383 0.50669834
3 Tedarikei 3 0.095065445 0.05971372 0.38579945
4 Tedarikgi 4 0.104871914 0.0380428 0.26619233
giivenilirligi isletmeler i¢in her zaman Onemli
olmustur. Ancak, son zamanlarda gelisen teknoloji,
4. SONUC cevre yonetimi ve globallesme ile birlikte kalite
. o ) standartlar1 ve akreditasyon c¢alismalar: gittikge 6nem
5 Isletmeler i¢in daha  rekabetci ’saftlafln kazanmaya baslamustir. Ozellikle, atik maddelerin
S?glar’labllmem’ igin kaliteli ve 1st'1krar11 bir uretim aritilmasi gibi ¢evresel politikalardan dolay: kimyasal
siirecine  sahip olmalar  gerekir. Bu yiizden, analizlerin oldugu bir laboratuvara sahip igletmelerin,
tedarikgilerden alinan malzeme ve hammaddelerin {iretim  siirecinin aksamamas1 i¢in akreditasyon
kalitesi, ~maliyeti, ~standartlara uygunlugu ve caligmalari olmazsa olmazlar arasindadir.
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Dolayisiyla, isletmeler i¢in akredite edilmis etkin bir
tedarik zinciri yonetimi kurulmasi igletmeler arasi
rekabette avantaj saglayacaktir. Tedarik zinciri
yonetimin en 6nemli konularindan biri de tedarikgi
secimidir.

Bu caligmada laboratuvar ¢aligmalarini i¢inde
barindiran bir isletmenin akreditasyon faaliyetlerine
uygun olarak tedarik¢i segim siirecine bir uygulama
yapilmigtir. Uygulamada CKKV yontemlerinden
KRITIK ve TOPSIS yéntemleri kullanilmistir.
KRITIK yontemi ile ikili karsilastirma matrisi
kullanilarak  kriter agirliklart  elde  edilmistir.
Tedarik¢i se¢iminde kullanilacak olan kriterler, bir
akreditasyon siirecinde olmas1 gereken kriterler
olmak {izere uzman bir ekip tarafindan belirlenmistir.
TOPSIS yéntemi ile de kriter agirhiklart kullanilarak
alternatiflerin pozitif ideal, negatif ideal ve ideal
¢Oziim degerlerine gore siralamasi olusturulmustur.
Elde edilen siralamaya gore tedarik¢i-1 tercih
edilmesi gerekmektedir.
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Restoration Proposal of a Traditional Ottoman House
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Abstract The aim of this study is to understand restoration process of traditional Ottoman house. This study examines
the case study of “ErdillerEvi” in Kula historic site. This study mentions about aspects to be considered prior to
restoration like values, attributes, problems, potentials, conservation approach and also intervention decisions
throughout the restoration process. In addition, this paper refers characteristics of a traditional Ottoman house and Kula

historic site both at the urban scale and a building scale.

Keywords: Restoration, Kula historic site, Erdiller Evi, traditional ottoman

1 INTRODUCTION

"Erdiller Evi” in Kula historic site is three-storey
house. The ground floor has three closed spaces and the
sofa and courtyard. In first floor, there are three rooms
and sofa. These rooms have a window on street-side. In
second floor, there are three rooms that are more
embellished than other floors and open sofa. Height of
second floor is more than other floors. This floor is used

a summer floor.

1.1 Values and attributes

“Erdiller Evi” has a lot of values that are aesthetic
value, artistic value, authenticity value, environmental
value, economic value, rarity value, memory value, age
value, cultural value, architectural value and document
value.

1.1.1  Aesthetic value

It means quality and craftsmanship of a building or
an artwork that is integral to the building. Experts and/or
tourists hold it. Architectural elements in “Erdiller Evi”
like cupboards, fireplaces, top windows, ceiling
coverings etc. are considered as attributes.

Figure 1. Embellished fireplace
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Figure 2. Embellished ceiling covering

Figure 3. "Direklik" (decorated element between seki alti
and seki {istii that includes timber posts, ornamented
false arch and timber balustrade)

1.1.2  Artistic value

It means quality of the craftsmanship or a directly to
artwork that is integral to the building. Experts and/or



tourists hold it. Architectural elements in “Erdiller Evi”
like cupboards, fireplaces, top windows, ceiling
coverings etc. and woodworking on architectural
elements like “kiindekari technique” and the tradition of
applying technique, also being a part of the culture are
considered as attributes.

Figure 4. Projection

Figure 5. Embellished ceiling covering

Figure 6. Single winged wooden embellished door

1.1.3  Authenticity value

Authenticity judgements may be linked to the worth
of a great variety of sources of information. Aspects of
the sources may include form and design, materials and
substance, use and function, traditions and techniques,
location and setting and other internal and external
factors. Experts and/or tourists hold it.Attributes are
materials and substance (material usage and technique),
location and setting (the building itself in Kula
conservation — area), traditions and  techniques
(ornamentations on architectural elements, construction
techniques), form and design (sofa — room relations,
service spaces and courtyard relationship, street — lot —
building relationship).

1.1.4  Environmental value

It means being whole with its original totality,
landscape, buildings, planning style, roads and lifestyle.
Experts and/or tourists hold it. The building itself in
Kula conservation area and street — lot — building
relationship can be considered as attribute.

Figure 7.Generel view of Erdiller Evi from south

Figure 8. Location of Erdiller Evi in site plan



1.1.5  Economic value

It means the monetary value of property as real
estate. Local people and municipality hold it. The
building itself in Kula conservation area and total lot
area are attributes.

1.1.6  Rarity value

It can relate to the occurance of a building type or
technique in an area where it is not commonly found.
Attributes are number of storeys and spatial wideness of
building.

1.1.7  Memory value

People who use or visit buildings may feel an
emotional attachment to them or may be moved by the
buildings as a sense of wonder and respect ar the artistic
achievements in design and craftsmanship. The building
itself in Kula conservation area is an attribute.

1.1.8 Age value

It means since the passage of time inevitably sees the
loss of historic structures, the older a structure is, the
more value is likely to be attached to it.Experts and/or
tourists hold it. Patina on architectural elements
(cupboards, fireplaces,”’sergen”,”direklik”, top windows,
ceiling coverings, shutters, window balustrades), Spatial
characteristics and design principles (service spaces and
courtyard relationship, street - lot - building relationship,
sofa and rooms relations) are attributes.

Figure 9. Physically deteriorated building elements

2“1}(‘ [ \E . !
Figure 10. Physically deteriorated building elements

1.1.9  Cultural value
Buildings provide information on various aspects of a

past period, from lifestyle to the use of materials, crafts
and techniques used in their construction. They may
continue to play a role in current cultural traditions.
Spatial characteristics and design principles (service
spaces and courtyard relationship, street - lot - building
relationship, sofa and rooms relations), reflecting life
style and family structure in terms of usage of spaces
(“gustilhane”, closed sofa, division into two of building)
are attributes.

Figure 12. Closed sofa

1.1.10 Architectural value

It means the exemplary qualities of design and
proportion and the contribution that the architecture of a
building has made to the quality of everyday experience
is its architectural value. Experts and/or tourists hold it.
Spatial characteristics (service spaces and courtyard
relationship, street - lot - building relationship, sofa and
rooms relations), structural system and construction
technique (stone masonry and timber frame walls, usage
and application of mud plaster - lime plaster,
freestanding roof system, stone slate covering in ground
floor and wood covering in the upper floors.
architectural elements in Erdiller Evi (cupboards,
fireplaces,”sergen”,”direklik”, top windows, ceiling
coverings, shutters, window balustrades..) are attributes.

1.1.11 Document value

Significance of cultural property in understanding the
social, economic and technical aspects of post
civilizations by analyzing the construction system,
material use. Experts hold it. Attributes are Spatial
characteristics and design principles(service spaces and
courtyard relationship, street - lot - building relationship,



sofa androoms relations), structural system and
construction techniques (stone masonry and timber
frame walls, usage and application of mud plaster - lime
plaster, freestanding roof system, stone slate covering in
ground floor and wood covering in the upper floors.
Architectural elements in  ErdillerEvi(cupboards,
fireplaces,”sergen”,”direklik”, top windows, ceiling
coverings, shutters, window balustrades,
projection,”’dikme”,”gdzenek”),reflecting life style and
family structure in terms of usage of spaces
(“gusiilhane”, closed sofa).

1.2 Problems

1.2.1  Urban scale

Narrow streets causing vehicle and pedestrian traffic,
prevent vehicles such as fire truck approaching the site,
migrating from historic site (abandonment) because of
abandonment, deteriorations of buildings, municipality’s
approach to the historic site(evaluate the area for
economic and tourism potential), some alterations that
causes the loosing values of building, Kula does not have
enough tourism potential although a lot of tourism
attractions around, local people are not considered
during decision making process , houses do not carry out
the requirements of today’s living standards.

1.2.2  Building scale

Structural ~ problems, material  deteriorations,
restitution problem(restitution does not based on reliable
sources), incompatible interventions, lack  of
maintenance, because of abandonment, alterations
(additions, missings, removals, conversions),

municipality’s approach to the Erdiller evi that is
proposed to be a boutique hotel.

1.3 Potentials

1.3.1 Urban scale

Locating in Kula historic site and still protecting
urban fabric, narrow streets and not heavy traffic around.
1.3.2  Building scale

Location of building, close to the center, well
preserved spatial characteristics and architectural
elements of the building, spatial richness, the building

has a variety of spaces with different spatial
characteristics.

1.4 Conservation approach

Erdiller Evi represents characteristics of traditional
Ottoman House to a great extent although it experienced
some alterations in the course of time. Those changes
from the qualified additions do not disturb the
characteristics of the building. Thus, it is proposed to
conserve the building with qualified additions.
Unqualified additions will be removed. The building
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should be re-functioned with a compatible use. The
necessities of the proposed function should be solved
with minimum intervention.

1.5 Intervention decisions

1.5.1  For alteration

Qualified additions which bears characteristics of the
period will be preserved. Unqualified mass additions
which are inharmonious with the original characteristics
will be removed. Unqualified element additions which
are inharmonious with the original characteristics will
be removed. Unqualified floor covering additions which
are inharmonious with the original characteristics will
be removed. Missing will be interfered according to the
reliability degrees of restitution. Removals will be
interfered according to the reliability degrees of
restitution. Conversions will be transformed to original
according to reliability degree of restitution.

1.5.2  For reliability degrees of restoration

The building parts that is 1st and 2nd degree reliable
degree will be reconstructed according to restitution
proposal (with the same material, construction technique,
dimension, detail, form...)

The elements or building parts with intermediate and
low knowledge of reliability (3th and 4th degree)will not
be completed according to the restitution information,
they will be completed with modern materials and
techniques to be compatible with the structure or
preserved as it is now.

Additions for functional and structural necessity.
They will be made with modern materials and these will
be in harmony with the building and should have
minimum impact to the building. Also they will be
identifiable.

1.5.3  For structural failures

The structural condition of the building should be
analyzed with a civil engineer and the interventions
should be decided accordingly. The intervention
decisions should be in harmony with existing structural
system and should not disturb the values of building.
walls; For cracks; hydraulic lime mortar will be applied.
For out of plumb; further investigation is necessary
within the expert. If the problem will go ahead, the
building will be fixed. If it is not a problem, it will be
protected in this state. floors; The sagging will be
interfered according to the result of the static report.
roofs; The condition of the roof will be investigated.The
structural timber elements of the roof which are rotted
will be replaced with the same detail as the same type of
wood.Timber elements of roof which are available to use
will be cleaned, precautions should be taken against the
insects.The roof, which is partly collapsed, must be
intervened with the same material and technique.



1.5.4  For material deteriorations

The material deteriorations of the building should be
analyzed with a specialist on material and the
interventions should be decided accordingly.The
intervention decisions should be in harmony with
existing materials and should not disturb the values of
building.
timber; Loss of wooden material will be completed with
the same type of wood. Cracks; will be replaced with
using the same kind of material. Rotting; rotting wooden
elements will replaced with using same kind of material.
Abrasion of timber
surfaces can be as “patina” which means aging of the
exposed surface of materials. Discolorations originate
from dust accumulation will be cleaned and originated
from aging of material will be preserved.
plaster; Detachment and disintegration of plaster will be
replaced with using same kind of material and technique
(double layered mudbrick plaster) after blasitng.
stone; Plant growths will be cleaned from the
surfaces.The courtyard will be cleaned. Cracks; If the
cracks don’t have any effect to the structural
characteristics of the material, they will be preserved as
“patina”. If the materials are not fulfilling their functions
anymore because of the crack they will be replaced with
using the same kind of material. If the stone paces under
the “dikme”, it will be protected.
glass; Broken or missing glass will be replaced.
metal; Rust will be cleaned by sandblasting and antipas
will be applied.
1.5.5 For function
“Community Center”
Working for Public Benefit
Reviving old crafts, based on production

It is established to contribute to the education and
cultural development of the people.

This center will contribute to strengthening the
relationships among people living Kula and will always
be open to incoming guests at the same time in terms of
solidarity and experiencing traditional ottoman house.
Community Center will serve to a local people and
visitors. Service personnel (1 for lobby,1 for eating area,
2 for general cleaning, 1 for library and audiovisual
room) will be from Kula or from nearby villages.

Program of the building

Administration

(lobby, manager room)

“lobby” is the area that is close to entrance area on
ground floor also the place to people be welcomed.
“manager room” is one of the rooms on ground floor that
is closest to entrance area.

Service spaces

(toilet, cafe, storage)

Service spaces will be located on the ground floor.
“cafe” will be for people’s snack food and drink needs.
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“mechanical room” will be room provided with
heating,electric and water system.

Social spaces

(resting area, audiovisual room, exhibition
area,courtyard) “courtyard” will be place that gathering
people. “audiovisual room” will be a room for the
building present itself. In this room, people will be
informed about all the changes that the building pass
through untill today.

“resting areas” will be places that people will use when
taking a break.

“exhibition area” will be place that is the part of the
material that represents as the result of the active
learning process.

Study spaces

(gathering space, cinicilik, kececilik, halicilik, active
learning will be the part where more practice-based work
is done.

“halicilik” will be place provided training with small
carpet weaving looms.

“kececilik” will be place where the felts are delivered to
the finished product.

“cinicilik” will be the place where the tile process is
made

passive learning will be the part where more theoretical
knowledge is given.

“theory classes” will be classes in which the theoretical
knowledge about the studies is given.

“gathering room” will be place that people meet there for
educational

purpose or relaxing.

—

Figure 13. Halicilik
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Sisen Zeminlerde Katki Malzemesi Kullanilmasiyla Mikroyapidaki Degisiklikler
(Changes in Microstructure by Using Additives in Swelling Soils)

Nazile URAL

Abstract: Swelling soils emerged as problematics soils during construction of roads, shallow foundations, water
channels, pipeline and airports. In this study effects of additives investigated on microstructure in the swelling clay.
Standart compaction, swelling tests and scanning electron microscopy analyses conducted in scope of this study.

Keywords: Swelling, clay, additives, microstructure

1 GIRiS

Sisen zeminler ozellikle ulasim yollari, su
kanallar1 ve boru hatlar1 gibi yiizeye yakin ve hafif
yapilarin yapiminda karsimiza zemin problemi olarak
¢ikmaktadir. Bu tip geoteknik problemlerinde genellikle,
zemin iyilestirme yontemleri kullanilmaktadir. Zemin
iyilestirme  yontemlerinden ise  genellikle  katk
malzemesi kullanilarak yapilan iyilestirme ydntemi
uygulanmaktadir. Cimento, kireg, ugucu kiil vaya bazi
atik malzemeler kullanilarak zeminin iyilestirilmesi
saglanmakta ve boylelikle dayanimin arttirilmasi, sisme
potansiyelinin azaltilmas1 vb gibi geoteknik 6zelliklerin
iyilestirilmesi saglanmaktadir. Sigme davranisinin katki
malzemeleriyle iyilestirilmesi konusunda c¢aligmalar bir
hayli ¢oktur [1-5]. Bu ¢alismada likit limiti yiiksek kilin,
kire¢ ve ¢imento ile iyilestirilmesinden sonra geoteknik
ozellikleri ile mikroyapidaki degisiklikler incelenmistir.
Standart kompaksiyon ve sisme basmci deneyleri ile
taramali electron mikroskopi (SEM) analizi yapilmustir.

2 MALZEME VE YONTEM

Bu c¢aligmada, sisme basinct 157kPa olan yiiksek
plastisiteli kil kullanilmistir. Sekil 1.” de kilin dane
dagilimi verilmistir. Kilin sigme 6zelliklerini iyilestirmek
amactyla %4 oraninda ¢imento ve kire¢ ilave edilmistir.
Cimento ve kirecin X-Ray Difraksiyon (XRD) analiz
Sekil. 2” de verilmistir. Kil ve karigimlarin optimum su
muhtevast (OSM) ve maximum kuru birim hacim
agirligt (Yamax) Tablo 1.” de verilmistir [6]. Kirec ilavesi
ile OSM artmis, ygmax @zalirken, ¢imento ilavesi ile OSM
Ve Ydmax azalmistir.

0.01
Dane ¢ap1 dagihm, mm

0.1 1
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Sekil. 2 Cimento ve Kirecin XRD analizi sonucu

Table 1. Standart kompaksiyon denyi sonucu ve spesifik
yiizey alani

OSM | vamax Spesifik
Yiizey alani
Kil 27 14.30 36.91
Kil+%4Cimento | 23 13.80 17.70
Kil+%4Kireg 30 13.23 29.30
ASTM D-4546[7] ‘da sisme davramiglarimi ve

parametrelerini belirlemek igin 3 6dometre yontemi
onerilmeltedir. Bu c¢alismada, hazirlanan numuneler
iizerinde sisme basimnct Metot C* ye gore yapilmustir.
Odometre halkasina alinan numunenin sabit yiikseklikte
kalmasin1 sagliyacak yiikleme yapilir. Yiiklemede
kullanilan  agirliklar  hesaplanarak sisme  basinci
hesaplanmaktadir. Kilin ve karisimlarin kiirstiz ve 28
giinliilk kiir sonrast sigme basinglart Sekil 3.” de
verilmigtir. Ayrica kil ve karigimlarin kiirsliz spesifik
yiizey alanlar1 Tablo 1.” de verilmistir Kilin, spesifik
yiizey alam1 katki malzemeleri sonrasi azalmustir.
Cimentolu karisimin spesifik yiizey alanm kiregli
karigimin spesifik yiizey alanina gére daha diisiik bir
degerdedir.
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Kil+4Cimento
Sekil 5. 28 giinliik kiirde bekletilmis katki malzemeli
karigimlarin SEM fotograflar: (x10000 biiyiitmeli)

Sekil 4. ve 5. de kil ve karisimlarin kiirsiiz ve 28
giinliik kiir sonrast SEM analizi sonucunda elde edilen
SEM fotograflart (x10000) verilmistir. Kilin, kiirsiiz
¢imento katkili numunede pulsu yapmin biraz azaldig:
goriilmektedir.  Horpibulsak vd. 2010 yilindaki
calismasindaki bulgularla paralellik gostermektedir.
Aymi sekilde kiirsiiz, kire¢ katkili numunede pulsu
yapmin azaldig goriilmektedir. 28 giinliik kiir sonrast,
¢imento katkili numunede flokiilasyon sebebiyle pulsu

yapt igerisinde bosluklar olugsmus ve topaklanma
gorilmiistiir. 28 giinliikk kiir sonrasi, kire¢ katkili
numunede flokiilasyon daha belirgin bir sekilde

goriilmektedir. Cimento ve kire¢ katkilariyla olusan
reaksiyon birbirine benzemekle birlikte zemin/¢imento
karigimli numunelerde reaksiyonun gerceklesmesi igin
daha uzun siire gerekmektedir.

3 SONUCLAR

Bu calismada, likit limiti yiiksek kilin kire¢ ve ¢imento
ile iyilestirilmesinden sonra geoteknik Ozellikleri ile
mikroyapidaki degisiklikler incelenmistir. Standart
kompaksiyon ve sisme basinct deneyleri yapilmistir.
Ayrica spesifik yiizey alan1 i¢in BET analizi ve SEM
analizi yapilmistir. Sisme basinc1 katki malzemeleri
sonrasind, kiirsiiz numunelerdea sisme basinci yaklasik
%45 oraninda azalirken, 28 giinliik kiir sonrasinda sisme

basmcinda  yaklasik % 56 oraminda  azaldig:
goriilmektedir.  Kilin, spesifik yiizey alami katki
malzemeleri  sonrast  azalmistir.  Ayrica SEM

fotograflarindan, ¢imento ve kireg katkist ile kilin pulsu
tabaka iceren icyapisinda flokiilasyon go6zlenmistir.
Cimento ve kire¢ katkistyla, kilin sisme basincinda ve
icyapisinda iyilesme goriillmiistiir.
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Siltli Zeminlerin Mikroyapisinda Kilin Etkisi
(Effects of Clay on Microstructure Silty Soils)

Nazile URAL
Abstract: It is known that microstucture effects mechanical properties of soils. Silty soils often emerges as low
resistance. Silty and different clay percentages mixed to prepare samples for laboratory. In this study standart
compaction and mercury intrusion porosimetry test analyses conducted for effects of clay investigated on
microstructure of silty soils.

Keywords: Clay, silt, microstructure

1 GIRIS

100

Geoteknik miihendisliginde kil ¢ok 6nemli bir
malzemedir. Kil zemin, c¢akil, kum ve silt ile 80 -
karigtirildiginda zeminlerin fiziksel, mekanik ve fiziko-
kimyasal 6zelliklerini degistirmektedir. Bununla birlikte
killerin mineral yapisinin farkliligindan dolayr zemin
ozelliklerinde meydana getirdikleri degisiklikler farkli

60 -

Gecen, %
B
o

olmaktadir. Ornegin likit limiti gok yiiksek bir kil ile likit 20 -

limiti diistik olan iki farkli kil ayn1 zemine eklendiginde

fiziksel, mekanik ve fiziko-kimyasal O6zellikleri ¢ok 0 - i i

farkli olacaktir. Kil minerallerinin elektrokimyasal 0,001 0,01 0,1 1
olarak cok aktif olmasi onlarin spesifik ylizey alanim Dane capi dagilimi, mm

dogrudan etkilemektedir [1]. Kil minerallerinin spesifik
ylizey alani ise zeminin flokulasyon veya dispersiyon
olup olmamasini etkilemektedir. Killerin bu 6zellikleri
zeminin geoteknik 6zelliklerini dogrudan etkilemektedir.
Ayrica, zeminlerin geoteknik ozelliklerini bosluk c¢api
dagilimi, pH, (¢-potansiyeli gibi  fiziko-kimyasal
ozelliklerde etkilemektedir. Gegmis yillarda zeminin S N
mikroyapisina killerin etkisi ile ilgili c¢aligmalar -
yapilmstir [2-5]. Bu ¢aligmada, siltli bir zemine %10 ve

%20 oranlarinda likit limiti yiiksek (CH) olan Kkilli

zeminin Karigtirilmasiyla zeminin mikroyapisindaki

degisiklikler incelenecektir.

Sekil 1. Siltin dane ¢apt dagilimi

Silt

------ Silt+%10Kil

2 MALZEME VE YONTEM

=== Silt+9%20Kil

Bu c¢alismada, likit limiti 32, plastisite indisi
nonplastik olan diisiik plastisiteli silt (ML) ve likit limiti

103, plastisite indisi 65 olan kil (CH) kullanilmistir. W
Sekil 1.’de siltin dane ¢ap1 dagilimi verilmistir. Kil silte

%10 ve %20 oranlarinda karigtirilmistir. Elde edilen WW%M)\W

karisimlar tizerinde standart kompaksiyon deneyi [6] 6 ® @ B A L0 & o & 0
yapilarak numuneler hazirlanmistir. Tablo 1.” de kil ve

karisimlarin optimum su muhtevasi (OSM) ve maximum
kuru birim hacim agirlif1 (Ygmax) verilmistir. Kil ytizdesi
arttikca, OSM artmis, Ygmax azalmustir. Sekil 2.’de silt ve

Sekil 2. Karisimlarin XRD analiz sonuglar

karigimlarin X-Ray Difraksiyon (XRD) analiz sonuglari Tablo 1. Karisimlarin standart kompaksiyon deney
verilmistir. Ayrica, bosluk cap1 dapilimini belirlemek sonugalri

i¢in civali porozimetre deneyi yapilmistir. Tablo 2.” de OSM Ydmax
toplam bosluk orant ve Sekil 3.” de bosluk ¢ap1 dagilimi Silt 12.25 16.63
verilmigtir. Kil ylizdesi arttica toplam bosluk oram Silt+%10Kil 13.50 16.55
artmistir. Ayrica karisimlarin SEM fotograflar1 (x1000) Silt+%20Kil 18.50 16.45

Sekil 4. te verilmistir.
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Tablo 2. Karisumlarin toplam bosluk orani

Toplam bosluk orani, m°/g
Silt 3.711
Silt+%10Kil 9.070
Silt+%20Kil 11.350
0,012
—Silt
0,010 - ——Silt+%10Kil
— Silt+%20Kil
~ 0,008 -
20
—
=]
= 0,006 -
2
T
> 0,004 -
o
0,002 -
0,000 :
0001 001 01 1 10 100
Bosluk ¢ap1 dapilimi (mm)
Sekil 3. Bosluk ¢apt dagilimi

Silt+%10Kil

Silt+%20Kil

1000

Sekil 4.SEM fotograflar: (x1000)

3 SONUCLAR

Bu ¢alismada, siltli zemine %10 ve %20 oranlarinda likit
limiti ytiksek olan killi zeminin karistirilmastyla zeminin
mikroyapisindaki degisiklikler incelenmistir. Bu amagcla,
standart  kompaksiyon  deneyi ile  numuneler
hazirlanmistir. Hazirlanan numuneler iizerinde, XRD
analizi, civali porozimetre deneyi ve SEM analizi
yapitlmistir. Civali porozimetri deneyinden, silte kil
eklenmesiyle toplam bosluk oraninin arttig1 gozlenmistir.
Ayrica SEM fotograflarindan kil yilizdesinin artmasiyla
zeminin yapisinda flokiilasyon gézlenmektedir. Sonugta,
kilin mineralojisi ve yiizdesi silt zeminin mikroyapisin
etkilemistir.
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Biyomalzemelerde Biyouyumluluk Test ve Yontemlerinin Analizi

Ayhan Erol*-Ahmet Yonetken®-Okan Aytug Kuloglu®

Ozet

Bilindigi lizere bir malzemenin biyomalzeme olarak smiflandirilabilmesi i¢in biyouyumlu olmasi gerekmektedir.
Malzemelerin biyouyumlu olmasi i¢in de in vivo ve in vitro testlerden gegmelidir. Aginma, basma, ¢ekme,
korozyon dayanimi gibi mekanik ve kimyasal testlerin yani sira viicut-malzeme uyumu, malzemenin viicut
iginde davranislar1 bu testlerin kapsamindadir. Bu ¢alismada biyouyumluluk testleri olan in vivo ve in vitro

testleri teorik olarak irdelenmistir.

Anahtar Kelimeler: Biyouyumluluk, Biyomalzeme, In Vivo, in Vitro.

1. GIiRiS

Biyouyumluluk, bir materyalin uygulandigi bolgede
uygun biyolojik cevabi olusturabilmesi olarak
tanimlanir. Biyouyumluluk konusundaki geleneksel
Yaklagim, materyalin viicut dokular1 iizerinde
6nemli yan etkiler olusturmamasi olarak ifade
edilebilir. Daha dogru yaklagim ise “gevreleyen
biyolojik ortamla uyumlu bir etkilesim sergileyecek
kimyasal yapidaki materyallerin secilmesi veya
tiretilmesidir [1].

Biyolojik testler i¢cin farkli basamaklar ve bunlara
uygun test yontemleri tanimlanmistir. Baslangi¢
deneyleri, hemoliz, hiicresel ve sistemik toksisite
yontemleriyle materyalin toksik profilini ortaya
koymaktadir. ikincil testler, in vivo implantasyon
calismalari, oral mukdéz membran iritasyon veya
sensitizasyon testlerini icermektedir. Son asamada
materyalin  asil  kullanim  alanindaki  klinik
performansi degerlendirilmektedir [1].

Materyallerin ~ biyolojik  ozelliklerinin ~ test
edilmesine  genellikle  hiicre  kiiltiirlerinin
kullanildigi basit in vitro test yontemleri ile
baglanir. Degerlendirmelere hayvan testleri ile
devam edilir, bu testlerden istenilen sonuglar elde
edildiginde  kullanim  testleri ( in  vivo
degerlendirme) gibi daha kapsamli caligmalar
yapilmalidir [2].

2. BiYOMALZEMELERIN
SINIFLANDIRILMASI

2.1 Metaller
Metaller, kuvvete karst yiiksek mukavemet

gostermeleri, yiiksek yorulma direncleri ve kirilma
oncesinde plastik deformasyona ugramamalari,

ayrica iyi elektrik ve 1s1 iletkenlikleri ve mekanik
ozelliklerinden dolayr en yaygin olarak kullanilan
biyomalzemelerdir. Bazi metaller miikemmel
mekanik  dayanimlar1 ve  korozyona olan
direnglerinden dolay1 total kalca ve diz eklemleri,
kemik kiriklarmin iyilestirilmesinde kullanilan plak
ve vidalar, omurga fiksasyon aletleri ve dental
implantlar gibi sert doku tedavilerinde pasif
substitiitif olarak kullanilmaktadir. Ayrica bazi
metal alagimlar1 da vaskiiler stent, kateter guide teli,
ortodontik ark teli ve kohlea implantlarinda

kullanilmaktadir. Metalik implantlarin
biyouyumluluklar1 olduk¢a tartismalidir. Ciinkii bu
implantlar viicut iginde korozyona

ugrayabilmektedir. Korozyonun sonucunda implant
materyali kendiliginden bozunmakta ve korozyonun
zararli iirlinleri ¢evredeki doku ve organlara etki
etmektedir. [3]

a. Cerrahi Paslanmaz Celikler

Cerrahi amagh paslanmaz ¢elikler Fe-Cr-Ni
alasgimlaridir. Krom hem korozyon direncini arttirir
hem de 1sil direng¢ kazandirir. Daha &nceleri
kullanilan 18/8 ¢eliginin yerini bugiin daha ¢ok
kullanilan  316L  alasgtmi  almistir.  Implant
malzemesi olarak yaygin bicimde kullanilan 316 ve
316L alagimlarinin igyapist Ostenittir. 316L daha az
karbon igermektedir. Karbon oram1 azaltilarak
korozyon direnci iyilestirilmistir. Yiizeyde olusan
kromoksit tabakasi pasiflesmeyi saglayarak, bu
celigin kullanilabilirligini yiikseltmektedir.
Yiizeyde olusan pasif tabaka, titanyum ve kobalt
alagimlarindaki kadar kuvvetli degildir.[4]

b. Titanyum Bazh Alasimlar

Titanyum, 316L paslanmaz c¢elik ve kobalt
alagimlarina gore daha hafiftir. En ¢ok Ti6Al4V
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alasitmi  kullanilmaktadir. Titanyumun biyolojik
uygunlugu, korozyon direncinin yiiksek olusu ve
elastisite modiiliiniin kemigin elastisite modiiliine
yakin olmasi sebebi ile uzun Omiirlii implantlara
imkan saglamaktadir. Yogunluklar1 disiiktiir (4.5
g/cm3) Isil islemle ozellikleri iyilestirilebilir.[4]

C. Kobalt Bazh Alasimlar

Bu alasimlar, kobalt-krom ve kobalt-krom-nikel-
molibden alagimlaridir. Agirlikca % 65 kobalt
igerirler. Molibden ince taneli bir yapi saglayarak
mekanik ozellikleri iyilestirmektedir. Co-Cr-Ni-Mo
ve Co-Cr alasimi, Diz ve kalga gibi daha ¢ok yiik
tasiyan eklem yerlerindeki protezlerde
kullanilmaktadir.  Elastisite modiilii paslanmaz
¢elikten daha biiyiiktiir. Co-Cr-Mo alagimi dokiim
alagimidir, daha ince taneli bir igyap: elde etmek
i¢in molibden ilave edilmistir. Molibden ilavesi ile
dayanimi yiikseltilmistir. Krom da, kati g¢ozelti

yaparak dayanimi arttirir.  Sicak  doviilerek
sekillendirilen Co-Cr-Ni-Mo alagimmin iistiin
asinma, yorulma ve ¢ekme dayanimi vardir.

Yorulma dayanmmi da Ti 550 alagimindan daha
stiindiir. Dokme ve dovme alasimlar1 yliksek
korozyon direncine sahiptir.[4]

d. Tantal Bazh Alasimlar

Tantalin elastiklik modiili kemigin elastiklik
modiiliine yakindir. Korozyona direnci ve biyolojik
uyumu ¢ok iyidir. Asir1 derecede gozenekli yapida
kullanilan bir implant malzemesidir. Mekanik
dayanimi  diisiiktiir. Alagimlama ile mekanik
ozellikleri  artirllabilmektedir.  Yogunlugunun
yiiksek olmast kullanimini  kisitlamaktadir. En
onemli uygulamasi plastik cerrahisinde ameliyat
ipligi olarak kullanimidir.[4]

e. Dental Amalgam

Amalgam, bilesenlerinden biri civa olan alasimdir.
Dis dolgu malzemesi olarak kullanilir. Digerleri;
altin, platin ve nikel-titanyum alagimidir. Altin soy
bir metal olup, korozyon direnci yiiksektir.
Alasimlama ile mekanik Ozellikleri
yiikseltilmektedir. Discilikte kaplama malzemesi
olarak kullanilir.  Platinin. korozyon direnci
yiiksektir, ama mekanik 6zellikleri diigtiktiir. Platin
ve diger soy metaller kalpte atinimlarin baglamasini
uyaran otonom merkezde elektrod olarak
kullanilmaktadir. Ni-Ti alasimlari, sekil hafizali
alasimdir.  Dis  kopriileri,  kafatas1  damar
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baglantilarinda, yapay kalp kasi ve ortopedik
protezlerde kullanilir.[4]

2.2. Polimerler

Biyomalzemelerin en ©nemli grubu polimerik
biyomalzemelerdir. Polimerler, protez malzemeleri,

dental malzemeler, ortii materyalleri, implant, ilag
salim sistemleri ve doku miihendisligi triinleri gibi

birgok medikal uygulamada olduk¢a sik
kullanilmaktadir. [3]

a. Polietilen (PE)

Tibbi  uygulamalarda  ¢ogunlukla  yiiksek-

yogunluklu polietilen (HDPE) kullanilir. Bunun
nedeni sterilizasyon sirasinda olusan sicakligin
diisik yogunluklu polietileni eritmesidir. PE,
plastik cerrahide, kateterlerde ve yapay kalca
protezlerinde kullanilir. Diisiik maliyetli ve yaglara
kars1 direnglidir.[5]

b. Polipropilen (PP)

Polietilen ile benzer 6zellikler gosterir. Daha sert
bir polimerdir, polietilenin kullanildigr bir¢ok
uygulamada polipropilenden faydalanilabilir.[5]

c. Polimetil metakrilat (PMMA)

Hidrofobik bir polimerdir. Oda sicakliginda camsi
halde bulunur. Lucite ve Plexiglas ticari isimleri ile
taninir. Isik gegirgenligi ve kararliligi nedeniyle
gozigi lensler ve kontakt lenslerin iretiminde
kullanilir. Cesitli islemler ile caprazbag iceren
hidrojel formu elde edilir. Bu form bozunmaya
direnglidir ve viicut tarafindan emilmez.[5]

d. Polivinilkloriir (PVC)

Tibbi olarak kan nakli, diyaliz ve beslenme amach
uygulamalarda tiip formunda kullanilir.[5]

e. Poliiiretan (PU)

Kan ile yiiksek uyumluluk gosterirler bu nedenle
yapay kalp ve damar uygulamalarinda tercih
edilir.[5]

f. Polikarbonat (PC)

Bisfenol A ve Fosgenin polimerizasyonu sonucu
sentezlenir. Sert bir malzeme olmasi nedeniyle
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yiikksek dayanima sahiptir. Gozlik camlarinda,
kalp-akciger makinelerinde ve solunum
cihazlarinda kullanilir.[5]

g. Politetrafloroetilen (PTFE)

Daha ¢ok ticari adi ile taninir: teflon. Oldukca
kararli, iglenmesi zor ve hidrofobik bir malzemedir.
Yiiksek kayganliga sahiptir. Gore-Tex olarak
bilinen formu damar protezlerinde kullanilir.[5]

h. Polilaktik Asit (PLA)

Yar1 kristalin ya da amorf yapida olan, rijit
termoplastik ve alifatik polimerlerdir. Biyo ¢oziiniir
yapay tendon pargast olarak kullanildigi gibi bag
doku, tendon yapilari, vaskiiler ve iirolojik cerrahi
i¢in olan stent uygulamalarinda da kullanilir.[5]

2.3. Seramikler

Klinik uygulamalarda biyoseramiklerin kontrolli
implantasyonu 18.yy’da dis kronlarinda porselenin
kullanilmasiyla baslamis ve 19.yy’da ortopedide
kemik doldurmak igin al¢1 ya da algitaginmm
kullanilmasiyla devam etmistir. 20.yy’da seramik
teknolojisindeki ilerleme ile medikal uygulamalarda
kullanilan daha ileri teknoloji seramikleri mevcut
hale gelmistir. Biyoseramikler genellikle ‘biyoaktif’
(kalsiyum fosfat, cam, seramik vb.) ve ‘biyoinert’
(alimina, zirkonya, pirolitik karbon vb.) olmak
tizere iki gruba ayrilmaktadir.[3]

a. Aliimina

Yiiksek yogunluk ve yiiksek safliga (>%99.5) sahip
aliimina, korozyon direnci, yiiksek dayanimi ve iyi
biyouyumluluk  6zelliginden  dolayi,  kalga
protezlerinde ve dis implantlarinda yaygin
kullanima sahiptir. Bu uygulamalarda kullanilan
aliimina, iri tane yapisina sahip

polikristalin alfa-Al,05’iin, 1600-1700°C sicaklikta
sinterlenmesi sonucu elde edilir. Aliimina, 20 yili
askin stiredir ortopedik uygulamalarda
kullanilmaktadir.[6]

b. Zirkonya

Zirkonya da, aliimina gibi bulundugu fiziksel ortam
iizerinde inert etki gosterir. Cok daha yiiksek
catlama ve biikiilme direncine sahip olan zirkonya,
uyluk kemigi protezlerinde basart yla kullanm
Imaktadir. Ancak uygulamalarinda {ii¢ Onemli
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problemle kars ilasilmaktad ir; Fizyolojik sivilar
nedeniyle zamanla gerilme direncinin azalmasi,
kaplama ozelliklerinin zayif olusu ve potansiyel
radyoaktif = malzemeler  icermesi.  Zirkonya
icerisinde yart lanma Omrii ¢ok wuzun olan
radyoaktif elementler bulunur (uranyum, toryum,
vb). Bu elementleri yapidan ayirmak c¢ok zor ve
pahali islemler gerektirir. Radyoaktivite alfa ve
gama etkilesimi olarak ortaya ¢ikar ve alfa
pargaciklari, yiiksek iyonlastirma kapasitesine sahip
olduklarindan, yumusak ve sert doku hiicrelerini
tahrip etme olas 1ligina sahiptir. Radyoaktivite
diizeyi diisiik oldugunda da bu etkinin uzun siireli
sonuglarmim incelenmesi gerekmektedir.[6]

c. Kalsiyum-Fosfat (Ca-P) Seramikler

Kalsiyum ve fosfat atomlarinim ¢oklu oksitleri
seklindeki yapilardir. Hidroksiapatit (HA:Cao(PO,)
6(OH),), Trikalsiyum fosfat (Ca3(PO,),) ve
Oktakalsiyum fosfat (CaH(PO,4);.20H) bu yapilara
ornek  verilebilir.  Kalsiyum  fosfat  bazl
biyoseramikler, tipta ve discilikte 20 yildan beri
kullanilmaktadir. Bu  malzemeler, ortopedik
kaplamalar ve dis implantlarinda, yiiz kemiklerinde,
kulak kemiklerinde, kalga ve diz protezlerinde
“kemik tozu” olarak kullanilmaktadir. Kalsiyum
fosfat seramiklerin sinterlenmesi, genellikle 1000-
1500°C’de gerceklesir ve bunu istenilen geometride
sikistirilmast Tim  kalsiyum  fosfat
seramikleri, degisen hizlarda biyolojik olarak
bozunurlar. Hidroksiapatit biyoseramiklerin bir
diger kullanom alan1 ise okiiller implant
uygulamasidir. Biyouygunluk ve toksik olmama
gibi  Ozellikler, hidroksiapatiti okiiler implant
uygulamasit  i¢in  ideal bir  biyomalzeme
yapmaktadir.[6]

izler.

d. Cam ve cam-seramikler

Camlar, silika (SiO,) bazli malzemelerdir. Cam
seramikler, Lityum/Aliiminyum veya
Magnezyum/Aliiminyum kristalleri iceren
camlardir. Biyocamdaysa, silika gruplarinin bazilari
kalsiyum, fosfor veya sodyumla yer degistirmistir
(Si0,, Na,O, CaO, P,0s). Boylece doku-implant
arasinda kimyasal baglanma gercgeklesir. Biyoaktif
camlar ilk kez Hench ve arkadaslari tarafindan
gelistirilmistir.[6]
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3. TESTLER

Gegmiste materyallerin biyouyumluluk
degerlendirmelerinde insanlar {izerinde yapilan
testler kullanilmigtir. Ama giliniimiizde yeni bir
materyalin insanlarda uygulanmadan once genis
kapsamli testler ile biyouyumlulugunun
degerlendirilmesi  gereckmektedir. Materyallerin
biyolojik &zelliklerinin test edilmesine genellikle
hiicre kiiltiirlerinin kullanildigr basit in vitro test
yontemleri ile baglanir. Degerlendirmelere daha
pahali ve uzun zaman gerektiren hayvan testleri ile
devam edilir. Bu testlerden istenilen sonuglar elde
edildiginde  kullanim  testleri ( in  vivo
degerlendirme) gibi daha kapsamli caligmalar
yapilmalidir. Uygulanan testlerin avantaj ve
dezavantajlar1 Tablo 1’ de gosterilmektedir. [2]

Tablo 1. Biyouyumluluk test yontemlerinin avantaj
ve dezavantajlar [2].
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Test | Avantaj Dezavantaj
in vitro | Hizli uygulama Tn vivo ortamia Iiskisi
Uuz tartssmalids
| Standardize edilebilir
| Deney ortaminin kontrol(
| kolaydur

| Genig bir skalada
| dederlendirme yapilir

Hayvan Karmasik sistemik Kullanidan materyalle
testleri etkllesimier tespit edilebilir lickisi tartrsmahds
In vitro testlere ¢ aha | Pahal
genls kapsamh ve daha Etk acidan
gercekgidi tartsmalids
Kontroiu zor
Sonuglann
dederlendiriimesi
zordur
Cok pahahdi
Kullanmim Kullanidan materyalin Daha fazla zaman
testlerl dokularia lliskis! belirlenir Etk acidan daha fazia

3.1 Hiicre Kiiltiirii

Hiicre kiiltiiri yonteminin temel ilkesi, canl
dokulardan alinan pargalarin in vitro kosullarda
yasama ve Uremelerini saglamaktir. Tip, sise gibi
laboratuvar gereglerinde uygun besleyici sivilarin
iginde tretilerek kullanilan canli dokulardir. Bu
amagla cesitli canlilarin (insan, maymun, fare,
tavsan gibi) ¢esitli dokular1 (bobrek, akciger, timor,
amniyon zarlar1) Once parcalanarak tek tek
hiicrelere ayrilirlar. Bu hiicreler ¢esitli tuzlar,
tampon maddeleri, amino asitler, vitaminler, dana
veya at serumu iceren besleyici sivilarda siispanse
ederek steril tiip veya siselere koyulur. Bu hiicre
siispansiyonu 36 °C’de bekletildiginde hiicreler

kabin geperine yapisarak iirerler. Ureme sonucunda
olusan yapiya hiicre kiiltiirii denir [2].

Hiicre Kkiiltiiri  ¢alismalarinda iki tip hiicre
kullanilir. Bunlar primer hiicreler ve devamli hiicre
hatlaridir. Primer hiicre kiiltiirleri doku ve
organlardan ayrilan hiicrelerin 24 saatten daha uzun
stire kiiltlir edilmesiyle elde edilir. Dis eti ve pulpa
fibroblastlar1, primer kiiltiir hiicrelerine ornektir.
Primer hiicre kiiltiirlerinde ¢ogalan hiicreler
buradan almip baska kiiltiirlere ekilebilir ve
cogaltilabilir. Bu sekilde elde edilen ilk alt
kiiltiirlere sekonder hiicre kiiltiirleri denir ve bir seri
kiiltiir islemlerinden sonra hiicre hatlar1 elde edilir.
Fakat primer kiiltiirlerin insandan izole edilmesi ve
kiiltirintin ~ yapilmas1 oldukg¢a zordur. Primer
kiiltiirler farkli bireylerden alindigi igin fonksiyonel
durumlart yansitmast farklidir. Devamli hiicre
hatlar1  siiresiz  ¢ogalabilme o6zelligine sahip
transformasyona ugramig primer hiicrelerdir ve
daha stabil bir fenotipe sahiptir. Devamli hiicreler
meydana gelen transformasyondan dolay1 in vivo
ozelliklerinin tiimiinii koruyamazlar. Devamli hiicre
hatlar1  kolaylikla ¢ogaltilabilir.  Caligmalarda
siklikla kullanilan devamli hiicre hatlar1 fare
fibroblastlart ~ (L-929, 3T3) wveya insan
epitelyalhiicreleridir (HeLa). Ayrica caligmalarda
insan ve hayvan pulpa hiicreleri, insan THP-1
monositleri ile immortalizefare odontoblast hiicre
hatlarida kullanilmaktadir [2].

3.2. Sitotoksisite

Uygulanan materyalin hiicrenin yasamina olan
etkisi  biyouyumlulugu  belirleyici  etkendir.
Sitotoksisite molekiiler olaylar sonucu gesitli
makromolekiilerin sentezlenmesinin engellenmesi
ve buna baglh olarak hiicrenin fonksiyonlarinda ve
yapisinda belirgin hasarlar meydana gelmesi olarak
tanimlanir. Sitotoksisite testlerinde hiicre kiiltiirleri
kullanilarak olasi toksikolojik reaksiyonlar in-vitro
olarak degerlendirilmektedir. Sitotoksite testleri[2]:

. Hiicre canlilig1 ve 6liimii

. Hiicre membrani

. Hiicre organelleri

. Protein veya DNA sentezi

. Hiicre boliinmesi ile ilgili detayli bilgiler
verir.
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Test edilecek materyalin fiziksel ozelligi ve
hiicreler ile temas yontemi onemlidir. Hiicre ile
materyalin temasi1 direkt, indirekt veya ekstrakt
yolu ile gerceklesebilir. Testlerin belirli standartlara
uygun olarak yapilabilmesi i¢in ISO, baz1 kriterler
belirlemistir. ISO 7405, dis hekimliginde kullanilan
medikal materyallerin klinik dncesi biyouyumluluk
degerlendirmesi igin Onerilen test protokollerinden
bir tanesidir. Bu protokolde agar difiizyon ve filtre
diflizyon metotlar1 detayli olarak anlatilmaktir. ISO
10993, medikal iriinlerin  biyolojik  olarak
degerlendirilmesi igin farkli metotlarin 6nerildigi
diger bir test protokoliidiir. Bu standardin asil amaci
belirttigi yontemlerle insanlarin korunmasidir. ISO
10993-5 in vitro sitotoksite testleri i¢in Gnerilen
genel bir test protokolidiir. Kontak siiresi
uygulanan testler i¢in d6nemlidir ve ISO 10993
tarafindan 24 saatten daha kisa siireler sinirh
kontakt, 24 saat-30 giin arasi uzatilmig kontakt ve
30 giinden daha uzun olanlar ise siirekli kontakt
olarak tanmmlanmstir. In sitotoksisite
degerlendirmelerinde ISO standartlarinda gegen test
metotlar1 ile birlikte Onerilen test metotlar
sunlardir[2]:

vitro

a. Direkt hiicre Kkiiltiirii

Direkt temas testinde dental materyal veya
bilesenlerinin  dogrudan  kiiltiir  igerisindeki
hiicrelerin  lizerine kisa siirelerde(> 24 saat)
uygulanmasidir. Direkt temas yoluyla yapilan testte
materyal hiicreler ile veya kiiltir medyumu ile
fiziksel bir temas halindedir. Suda ¢oziinebilen
materyaller medyum igerisinde c¢oziinebilirler ve
bdylece ¢ok iyi bir materyal hiicre temasi saglanir.
Suda ¢oziinmeyen materyallerde ise birkag yolla
hiicreler ile direkt temas saglanabilir. Bu temas[2]:

1. Test  Orneginin  hiicrelere  miimkiin
oldugunca yakin yerlestirilmesi ile,
2. Test orneginin kullanilan hiicrelerin tam

tizerine uygulanmasi ile,

3. Test Orneginin  hiicre kiiltiir kabinin
tabanina yerlestirilmesi ve hiicre siispansiyonunun

ornek tizerine uygulanmasi ile,

4, Hiicrelerin direkt olarak ornekler {izerine
yerlestirilerek kiiltiir edilmesi metotlar ile saglanir.

Ekstrakt yolu ile temas testinde bir sivi ¢oziicii
icerisinde  materyalden  ¢oziinen  bilesenlerin
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hiicreler ile temas ettirilereck  sitotoksisitesi
incelenmektedir.  Ekstraktsiyon  sivis1  olarak
adlandirilan bu sivi  ¢oziicliler serum igeren

medyum, serum i¢ermeyen medyum, fizyolojik tuz
solusyonu veya diger uygun c¢oziiciilerden biri
olabilir[2].

Ekstraksiyon ortami, materyalin toksikolojik
riskinin dogru belirlenebilmesi i¢in materyalin
klinik kullanim ortamin taklit etmesi ve bu ortamin
materyalin kimyasal yapisinda 6nemli degisiklikler
yapmamast  gerekmektedir.  Ekstrakt  iginde
maddelerin konsantrasyonu ve hiicrelere temas
edecek materyalden salinacak bilesenlerin orani

ekstrakti alinan materyalin; yiizey alanina,
ektraksiyon sivismin hacmine, materyalin pH’sina,
kimyasal c¢oziilebilirligine, diflizyon oranina,

osmolaritesine, 1sitya, zamana ve diger faktorlere
baglidir. Onerilen ekstraksiyon ortamlari:

a) 24 saatten az olmamak lizere 3742 °C

b) 7242 saat 50+2 °C

C) 2442 saat 70+2 °C

d) 1+0.2 saat 12142 °C

b. Bariyer test metodu

Agiz ortaminda dentin, kaviteye uygulanan
materyal ile pulpa arasinda bariyer gorevini

iistlendigi i¢in direkt materyal-hiicre temasi testleri
klinik durumu taklit etmemektedirler. Bu nedenle
bariyer test metodunda dentini taklit eden ve dentin
gibi test materyali bilesenlerinin diflizyonuna izin
veren cesitli maddeler bariyer olarak kullanilirlar.
Son yillarda gelistirilen ve ticari olarak pazarlanan
hiicre kiiltiir insert sistemleri bariyer olarak
kullanilmaktadir. Bu sistemde materyal insert igine
yerlestirilerek asili bir sekilde medyum iginde
tutulur. Bariyer goérevi goren ve insertin alt
kisminda bulunan por6z bir membran materyalden
¢oziinen bilesenlerin gecisine olanak saglayarak
medyum tabaninda bulunan hiicrelerle temas
etmesini saglar[2].

C. Agar Difiizyon Testi

Agar difiizyon testi, toksisite deneylerinde en uzun
siredir kullanilan bariyer test yontemidir. Bu
yontem ile fare fibroblast (L929) hiicrelerinin
izerini orten % 1,5” luk agar besiyerinden diflize
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olan test materyalleri bilesenlerinin toksisitesi
incelenir. 24 saatlik inkiibasyon siires i sonucu
notral kirmizi boyanin, hiicre membranmdaki
gecirgenligine bagli olarak, lizozomlarda birikme
miktarma gore hiicre aktivitesini degerlendiren bir
test metodudur. Hiicrelerdeki dekolorizasyon ve
liziz degerlendirilerek materyallere karsi gelisen
yanitlar incelenir. Basit ve ucuz bir ydntem
olmasina ragmen agarda ¢oziinemeyen veya diflize
olamayan test materyali veya bilesenleri hiicreler
iizerinde her hangi bir etki gdsteremezler[2].

d. Milipor Filtre Difiizyon Testi

Milipor filtre metodunda filtre olarak seliiloz asetat
kullanilir. Filtrenin bir tarafina primer hiicreler
yerlestirilirken filtrenin diger tarafina test materyali
yerlestirilir. Hiicrelerde meydana gelen hasarlar
dekolorizasyon alanmmn Olglilmesi ile veya
boyanma yogunlugunun incelenmesi ile tespit
edilir. Test materyallerin, hiicre iizerinde sitotoksik
etki gdstermesi icin test materyalinden salinan
bilesenlerin 0.45 pm filtreden difuze olmalari
gerekmektedir[2].

e. Dentin Bariyer Testi

Sitotoksisite testlerinde bariyer olarak farkh
materyaller kullanilmigtir. Dentin bariyer testlerinin
gelistirilmesi sitotoksisite testlerini tamamlayan bir
metotdur. 1974 yilinda gelistirdikleri boliimli oda
(split chamber) aleti ile dentinin gecirgenlik
ozelligini incelemisler ve materyallerin biyolojik
uyumluluklarmin  degerlendirilmesinde  dentinin
gecirgenlik  Ozelliginden yararlanilmasi  fikrini
ortaya atmiglardir. Arastiricilar gelistirdikleri dentin
bariyer test cihazlar1 ile materyallerin biyolojik
ozelliklerini incelemislerdir. Test cihazlarinmn farkl

materyallerden yapilmasi ve farkli boyutlarda
olmasi ayrica ticari olarak satilmamalar1 bu
cihazlarin standart test uygulamalarinda

kullanilmasimi engelleyen faktérlerdir. Bu nedenle
dental materyallerin sitotoksisite
degerlendirmelerinde kullanmak i¢in hiicre kiiltiir
testlerinde kullanilan perfiizyon cihazinda bazi
degisiklikler ~yapmiglardir.  Orjinal perfiizyon
odasindaki membran  yerine dentin  diski
kullanmusglardir. Kullanilan dentin diski insan veya

sigir dislerinden kesilerek hazirlanmis farkli
kalinliklardaki dentin disklerinden olusabilir. Bu
dentin diskinin pulpaya bakan tarafi asitle

daglanmistir. Dentin diski boliimli odaya biyolojik
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olarak uyumlu paslanmaz c¢elik bir tutucu ile
yerlestirilir[2].

Boylece bu oda dentin diski ile iki boliime ayrilir.
Hiicreler dentin diskinin asitle daglanmis tarafinda
iiretilir ve hiicrelerin {irettildigi bu kisim pulpa
tarafi (alt oda) olarak tanimlanir. Uygulanacak test
materyali silikon bir tiip iginde dentin diskinin iist
kismina uygulanir.

Materyalin uygulandigi bu kisim kavite boliimii
olarak tamimlanir. Cihazin pulpa bolimi bir
taraftan medyum sisesine bagh diger tarafi ise
peristaltik pompa ve atitk medyumun toplandigi
siseye baglidir[2].

3.3. Hayvan Deneyleri

Denek hayvanlarmm en sik olarak kullanildiklar:
bilimsel alanlar genetik, gelisim biyolojisi, davranig
bilimleri, uygulamali biyomedikal bilimler, yabanci
transplantasyon, ila¢ arastirmalari vb. alanlardir.
Ayrica bunlar haricinde hayvanlar egitimsel
amaglarla, rksal calismalarda, savunma
aragtirmalarinda da kullanilmaktadir. [7]

Biyouyumluluk testleri; sitotoksisite, malzeme ve
kimyasal karakterizasyon kapsamindaki testler ve
trombus olusumu hari¢ diger kan uyumlulugu
testlerinin disinda ¢ogunlukla hayvanlar iizerinde
yuriitiilmektedir.[8]

Bir malzemenin giivenli olup olmadiginin
tespitinde ve sonrasinda bir cihaz olarak
etkinliginin ~ saptanmasinda  zorunlu  olarak

hayvanlara implantasyon kullanilir. Eger denemeler
dogru  hayvan modelinde yapilmissa, bu
malzemelerin direk insanlarda kullanilabilecegi
ispatlanmistir. Diger tiirlerde olmasa da memeliler
siifinda hayati proseslerin ve hastaliga uyumun
fenomeni ayni olmasa da benzerdir. Biyolojik
olaylarin ¢ogu, bilhassa yara iyilesmesi de benzer
sekildedir. Sadece biiyiikliigiin ve zamanin spesifik
ozellikleri farklilik gosterir. [9]

Literatiirde ¢esitli malzemelerin ve cihazlarm
gelistirilmesi i¢in kullanilan hayvan modellerinin
aciklamalar1 oldukca fazladir. Fakat ne yazik ki
insanlara implante edilen malzemelerde veya
cihazlarda yapilan goézlemlerden elde edilen
patolojik veriler olduk¢a azdir. implantin varligi
hastanin  oliimiiyle iliskilendirilmediginden bu
verilerin az olmasi geri doniisiim ekonomisine ve
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histolojik gelisime baglidir. Yapilacak deneylerde
hayvan tiirlerinin se¢iminde de insanin durumuna
uygun hayvandansa fiyat ve bulunabilirligin daha
¢ok g6z Oniinde bulundurulmasi ayni derecede
onemli bir sebeptir. [9]
Ideal hayvan modeli insan
iizerinde kullanim yerine gore analojik veya
homolog durumlar1 simiile edebilecek, kalici
kopyas1 yapilabilir 6zelliklerde olmalidir. Hayvan
modeli se¢iminin bilimsel kriteri biyomalzemenin
hedeflenen uygulamasina gore yapilir. Anatomik,
fizyolojik, patolojik ve/veya psikolojik
karakteristikler de goz oniinde bulundurulmalidir.
Yillarca siire deneme-yanilma sonucunda veya
merakli gozlemler neticesinde ¢esitli hayvan
sistemlerinin insanla benzer sistemler icerdikleri
gozlemlenmistir. Hayvan modelinin segiminde
anatomik, patolojik ve fizyolojik benzerliklerin yani
sira pratikteki uygulamada, deneysel cerrahi de bir
takim kisitlamalar yaratabilir. Secilecek olan
hayvanmn boyutu ve uygunlugu Onemli bir
parametredir. Kiiciik hayvanlarin maliyeti diisiiktiir
ve kolaylikla elde tutulabilir. Buna karsin cerrahi
prosediirlerin biiyilk hayvanlara uygulanmas1 ise
cok daha kolaydir. [9]

biyomalzemenin

implantin uzun siire kalacagi durumlarda da
viicudun adaptasyonu énemlidir. Ornegin domuzlar
ve insan olmayan primatlar insanla benzer
kardiyovaskiiler sistemlere sahiptirler fakat uzun
stireli kateterizasyon ve siirekli gdzlem gerektiren
calismalarda segilecek hayvan modeli primatlar
olacaktir. implant arastirmalarinda deney hayvani
secimi enfeksiyon riskinden c¢ok gbéz Oniinde
bulundurulmasi1 gereken kriterlere gore yapilir.
Cinkii mikrobik komplikasyonlar agisindan bir
tirtin digerlerine gore daha uygun olabilecegine
dair higbir veri bulunmamaktadir. [9]

4. MALZEMENIN KONAKCIDA
OLUSTURABILECEGI ETKIiLER

4.1. Biyotolere Etki

Biyomalzeme uygulandigi bélgede, sinirhi fibroz
doku ile cevreleniyorsa biyotolere etkiden s6z

edilir. Giiniimiizde kullanilan ¢ogu biyomalzemede
bu durum gortilmektedir.[10]
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4.2, Biyoinert Etki

Biyomalzeme, uygulandigi kemik dokuyla, arada
sinirli fibroz bir doku olmadan birlesir. Cogu zaman
biyomalzemeler uygulandiklar1 dokuyu, dokularda
kendilerine  uygulanan  metaryali  etkilemek
cabasindadirlar. Biyoinert etki, bu tiir etkilesimlerin
goriilmedigi biyomalzeme-doku iligkisine verilen
addir. Cok sayida arastirmaci gergekte biyoinert bir
biyomalzeme olmadigina inanmaktadir.[10]

4.3. Biyoaktif Etki

Biyomalzeme, uygulandigi  dokuda, benzer

hiicrelerin olusumunu yardim ediyorsa biyoaktif
etkiden soz edilebilir.[10]

4.4, Toksik etki
Ortopedi ve travmatolojide kullanilan
biyomalzemeler bir ¢ok testten gectikten ve

biyouyumlulugu onandiktan sonra kullanim alanina
girmektedirler. Tim bu testlere ragmen
biyomalzemelerin allerjik, immiin, nonimmiin,
mutajenik, kanserojenik ve inflamatuar etkileri
olabilir. Bu yiizden, kullanilacak biyomalzemenin
test sonuclart ¢ok 6nemlidir. [10]

5, SONUCLAR

Genel olarak 6zetlemek gerekirse biyomalzemelerin
seciminde;  sekil  verilebilrne,  {iretilebilme,
biyouyumluluk, toksik etki, kullanimda etki edecek
gerilmelere-gerinmelere dayanim, viicut sivilarinin
korozif etkilerine dayanim vb gibi 6zellikleri 6ne
cikmaktadir. Ozellikle 20.YY. basindan itibaren
biyomedikal alanda biiyilk gelismeler olmustur.
Insan viicuduna uyumlu yapay bircok malzeme
gelistirilmistir. Biyouyumlu malzeme se¢imi igin,
malzemelerin biyouyumluluklar1 hakkinda yukarida
verilen bilgiler géz 6niine almmahdir. Ilk olarak
kullanim yerine gore yeteli dayanima sahip
malzeme secilmelidir. Daha sonra uygulamadan
once, kisinin kullanilacak malzemelere karsi alerjik
yapisi, uzman doktorlar tarafindan c¢esitli alerji
testleriyle incelenmelidir. Kullanilacak
biyomalzemelerin, korozyon agisindan kisinin
biyolojik yapisina uygunlugu, viicut sivilarindan
almacak numuneler i¢inde veya buna ¢ok yakin
bilesimde hazirlanacak ¢ozeltiler iginde test
edilmelidir. Viicut i¢indeki dokular genelde; sert
dokular ve yumusak dokular diye iki gruba ayrilir.
Sert dokulara o6rnek olarak kemikler, disler 6rnek
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verilebilirken yumusak dokulara 6érnek olarak kan
damarlari, deri, tendonlar 6rnek olarak verilebilir.
Yapisal uyumluluk géz 6niine alindiginda, metaller
, velve ya seramikler sert doku uygulamalart igin,
polimerlerse yumusak doku uygulamalar: igin
uygundur.
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Friction performance of brake linings containing alumina and cashew

Ilker Sugéziit™ Enver Cakir?

Abstract

Friction characteristics of eight brake friction materials containing different amounts of alumina (Al203) powders
were investigated by using a brake dynamometer. 5%, 10% and 15% alumina (Al203) powders were added to the
cashew-based powders and alumina reinforced cashew-based brake linings were produced (AC). In these specimens,
half of the samples (shown with H indices) were heat treated in 4 h at 180°C temperature. The composite was
developed for a non-asbestos organic based friction material for an automotive brake system and contained typical
ingredients for commercial brake friction materials. The influence of the ingredients on wear rate and friction
coefficient was examined using a brake dynamometer. The lining material with heat treatment application alumina
particles generated a stable friction film on the lining surface, which provided excellent friction stability with less lining

wear.
Keywords: friction, wear, alumina, cashew, tribology
1 INTRODUCTION

Non-asbestos organic friction materials are multi-
ingredient composites containing  binder,  fibers
(reinforcements), functional fillers (e.g., friction
modifiers such as solid lubricants, abrasives etc.) and
space fillers [1]. The performance of the friction material
is strongly affected by selection of the ingredients [2].
The abrasives in the brake friction materials play
important roles in determining the stopping distance,
counter disc wear and noise propensity [3-6]. Various
forms of oxides and silicates, such as zircon, alumina,
quartz, magnesia, etc., have been used in brake linings to
attain a desired level of friction, and their effectiveness is
highly dependent on the morphology and hardness of the
particles [7].

Several experimental works were performed
concerning the abrasives in the brake friction material
and their functions on brake performance [8]. Boz and
Kurt [9] studied the effect of Al,Os; on the friction
performance of automotive brake friction materials and
reported that the friction coefficient and wear resistance
of the samples increased with increasing the amount of
Al,03. Oztirk et al. [2] investigated the effects of
graphite and hexagonal boron nitride as solid lubricants
and aluminum oxide and boron carbide as abrasives on
brake friction performance. The results of their study
indicated that the friction coefficient and specific wear
rate of the composites increased with decreasing solid
lubricant and increasing abrasive content. Kim et al. [10]
investigated automotive brake friction materials with
four different abrasive particles viz. silicon carbide,
zircon, quartz and magnesia and they noticed that the
fracture toughness of the abrasives played a crucial role
in determining the friction level, wear debris formation
and stick-slip.

The current work aims to evaluate and investigate
the tribological performance of brake linings containing
alumina and cashew using a pad-on-disc type friction
tester according to TSE 555 [11]. The brake linings were
also characterized by measuring their hardness and
density.
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2 EXPERIMENTAL WORK

The fabrication of brake lining samples
containing eight ingredients was based on keeping parent
composition of 6 ingredients (53%, w/w) constant and
varying two ingredients, viz. alumina and barite (47%,
w/w) in complementary manner as shown in Table 1
based on a systematic increase in alumina (5, 10 and 15
wt.%).

The brake lining specimens were manufactured
by dry-mixing, pre-forming, hot pressing and post-
curing. All constituents were weighed with a sensitivity
of 0.1 mg and mixed in a blender. The mixing schedule
was of ten minutes duration. The mixing sequence and
time of mixing of each lot of ingredients lead to proper
uniformity in the mixture. If mixing time is low, proper
homogeneity cannot be achieved. If it is too high, it does
not improve the homogeneity further [12]. Hence, it has
to be optimized which was done in the laboratory in pre-
work. After the mixing operation, the mix was pre-
formed at room temperature under 8 MPa for 2 min and
hot pressed at 150°C and 10 MPa pressure for 10 min
and subsequently postcured. Two intermittent breathings
were also allowed during the initiation of curing to
remove volatiles and moisture. Postcuring operation was
carried out for 4 h at a constant temperature of 180°C
and atmospheric pressure. The size of the cylindrical
brake lining specimen was 325.4 mm x 10 mm.

The surface hardness of all brake lining samples
were measured using Brinell hardness tester with 62.5
kgf load and 2.5 mm diameter of indenter steel ball. The
density of the specimens was determined based on
Archimedean principle in water.

The friction and wear characteristics of the brake
lining samples were determined using a real brake disc-
type tester (schematic sketch as shown in Fig. 1) using
the brake lining quality test procedure as per TSE 555.
The tester device is fully computer controllable and
comprises of data acquisition software. Detailed
information about the friction testing machine and the
test procedure can be found in earlier work [8].



Table 1. The ingredients of the brake lining samples

(wt.%)
Function Raw Sample code
materials | AC5 | AC10 | AC15
Binder Phenolic | o, | 9 20
resin
Metal fiber | Stee! 5 5 5
wool
Brass
Functional particles 5 5 5
fillers Copper 8 8 8
particles
Solid .
lubricant Graphite 5 5 5
Friction Cashew
modifier dust 10 10 10
Abrasive Alumina 5 10 15
Space filler | Barite 42 37 32

Friction tests were carried out against grey cast
iron disc whose diameter and hardness were 280 mm and
116 HB, respectively. The disc temperature was
measured during the tests by using non-contacting
infrared (IR) thermometer. The thermometer is placed at
approximately 2 cm away from the trailing edge of the
brake lining samples. Three tests were run of each
specimen for each test conditions and average values
were reported here.

Manometer

Caliper - Electrical Motor
~ @ 1 Computer Monitor
Brake Disc 5
Electrical Heater — rl T
Loadcell
—_— Control Panel
o000
Hydraulic B
Unit — @
mee
- L

Fig. 1. Schematic of brake friction test equipment [13]

From the values of the normal load applied on the
pin f,, and the frictional force f; measured by tester
device, the friction coefficient p is calculated as follow:

ok
h
1)
The weight loss was determined by weighing the
samples before and after the wear test. The specific wear

rate was determined in accordance to TSE 555 [11]
standard by using the following equation:

V= 1 nmy — Ny
2.mR nf.p 2)
where V is the specific wear rate (cm®Nm), R is

the distance between centers of the sample and the
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rotating disc (m), m; and m; are the average specimen
weights before and after the test (g), respectively, n is the
rotating number of disk, p is the density of the brake
lining (g/cm?), and fs is the average frictional force (N).

3 RESULTS AND DISCUSSION

Change in a brake's coefficient of friction as a
function of sliding speed and/or applied pressure is a
very important issue because drivers expect the same
level of friction force at various braking conditions.
Change in the coefficient of friction is also related to
brake phenomena such as noise, anti-fade, and vibration
[14].

In this study, we investigated the effect of
alumina and cashew in the brake linings on the friction
properties. Brake linings containing three different
amount alumina were tested against grey cast iron disc.
Fig. 2 to 4 show the characteristic time dependences of
the coefficient of friction as detected in pin-on-disc type
tribometer for pre- and after sintering all samples.
Sample code called ACH represents sintering samples in
Fig. 2-4.
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Fig. 4. The change of friction coefficient as a function of
time for AC-15 and ACH-15 sample

As seen from the figures, the friction coefficients
show different features depending on the content. It is
seen from the figures sintering supplied the more
homogeneous braking pad structure. In addition, more
stabilized coefficient of friction was obtained due to
sintering.

Generally, the friction-coefficient value gradually
increases for all the samples until the 100 s and then
gradually decreases after the 300 s (Figures 2 to 4). The
reason of the increasing friction coefficient is the contact
of the metallic material with the disc surface.

As seen from these figures, it is understood that
all the heat-treated samples (ACH) have higher friction
coefficient values and more stable friction coefficients
than the others. The differences between the friction
coefficients of the AC samples and the ACH samples are
obvious especially at the beginning and after the 300 s.
The difference at the initial state shows a good fit of the
heat-treated samples to the surface.

Nonetheless, it should be noted that a good
stability of p is achieved using the samples under the
working condition considered. These results are
consistent with the behavior of the friction coefficients
of all the samples. Therefore, if a p value of 0.30-0.39 is
desired, additions of both Al,O3 and cashew can be used
in the brake pads in the amounts of 5-15 %.

Furthermore, with the increasing of temperature,
the ingredients in the braking pad affected each other
due to better diffusion. Therefore, it can be said that heat
treatment is essentially required in braking pads. It is
also known that hardness of specimens increases and
density decreases due to heat treatment and specific wear
ratio changes (Table 2). These results are consistent with
the early work (Jang et al., 2001; Chapman et al., 1999).
It is seen from these figures that heat treatment supplied
better friction coefficient that behavior (Figures 2-4). It
can be said that heat treatment supplied more
homogeneous structure and hence, microstructural
variations were minimized during the brake action.

Specific wear ratio of heat-treated and untreated
specimens was shown in Table 2 for Al,O; added
samples, respectively. It is seen from Table 2 that wear
generally decreased in heat treated specimens.

Table 2. Typical characteristics of the brake pad with
Al203 in this study

sample Spe_cific wiar Density Brinell Fric.tign
code ratio 3(x10 ) (glem?) hardness  coefficient
(cm3/Nm) (HB) (1)
AC-5 0,15 2,20 26 0,301
ACH-5 0,13 2,15 27 0,317
AC-10 0,17 2,21 28 0,316
ACH-10 0,16 2,16 29 0,359
AC-15 0,20 2,22 29 0,326
ACH-15 0,18 2,18 30 0,392

94

No wearing cannot be expected from brake
linings. Even if very high wear resistant materials are
used, this results in wear of the counter surface.
Therefore, a variation of the friction coefficient with the
temperatures is considered to be much more important
than the wear resistance in the friction materials.
Specific wear ratio of heat-treated and untreated
specimens was shown in Table 2 for Al,O; added
samples, respectively. It is seen from Table 2 that wear
generally decreased in heat treated specimens. However,
wear in the samples numbered as untreated increased.
The reason is that due to the coarse-grained copper
content. During the heat treatment, at the beginning grain
growth of copper positively affected the wear resistance.
In general, heat treatment supplied better wear resistance
comparing to untreated specimens. Maximum wear ratio
of the base friction material was found to be 0.20 x106
for AC-15 sample. This value isn’t very high for the
brake lining materials. This value was decreased to 0.18
x106 for ACH-15 sample.

4 CONCLUSIONS

From experimental studies of Al.Os; brake pad,
the following conclusions can be drawn;

Al;O5 additive was positively affected the braking
performance. It is known that during the heat treatment
of Al,O3 added samples. These samples supplied higher
and stable friction of coefficient.

With the increasing of Al,Os; into specimens,
friction coefficient also increased.

Heat treatment application changed the
microstructure of the brake lining, increased the hardness
and the density.

The heat treatment on Al,Os; added specimens,
the less wear ratio was obtained comparing to the un-
treatment ones.

It was observed that the addition of the Al.Os;
powder in the samples increased hardness.
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Tribological characteristics of automotive brake linings containing ZrSiO4

Ilker Sugéziit™ Enver Cakir?

Abstract

This work investigated the effect of zircon particle (Z) on the friction characteristics of brake lining materials. Three
different brake lining of commercially used zircon particles (nominally 5%, 10%, 15%) were used to produce non-steel
type lining materials. In these specimens, half of the samples (shown with H indices) were heat treated in 4 h at 180°C
temperature. We focused on the level of the friction coefficient and wear resistance of the linings and gray iron counter
disks were investigated with respect to the zircon particle by using a pad-on-disk type friction tester. Results showed
that the amounts of the zircon particles played a significant role in the formation of friction film, which was closely
related to the friction performance. Heat treatment-applied samples (ZH) have provided a higher and stable friction

coefficient.
Keywords: brake lining, friction, wear, zircon, tribology
1 INTRODUCTION

The brakes require the friction materials with
higher and stable friction coefficient, low wear rate, no
noise, low cost, and environment friendly. In order to
realize the requirements, the researches on the selection
of raw materials and optimization of friction
formulations have been done [1,2].

Types and relative amounts of ingredients have
been determined by empirical observations and the
ingredients comprise binder resin, reinforcing fibers,
solid lubricants, abrasives, fillers, and friction modifiers

[3].

Abrasive particles are included in the brake
linings to control the level of the friction force and to
remove pyrolized friction films at the sliding interface
[4-6]. Commercial brake linings typically contain
approximately 1-8 vol.% of abrasives. Various forms of
oxides and silicates, such as zircon, alumina, quartz,
magnesia, etc., have been used in brake linings to attain
a desired level of friction, and their effectiveness is
highly dependent on the morphology and hardness of the
particles [7].

Various tribological properties related to the
abrasives have been studied [8-10]. Ma et al. [8]
investigated the effects of ZrSiO4 in non-metallic brake
friction materials on friction performance. They found
that ZrSiO4 as an abrasive played a key role enhancing
the friction coefficient values, but decreased the wear
rate. Shin et al. [9] studied the friction characteristics of
friction materials containing zircon particles of three
different sizes using a reduced scale dynamometer. They
found that the friction material specimen with fine zircon
particles exhibited higher friction level and low contact
stiffness with excessive friction material wear. Cho et al.
[7] investigated the size effect of zircon particles on the
friction characteristics of brake lining materials and
found that the size of the zircon particle was a dominant
factor in determining the friction stability and amplitude
of the friction coefficient during sliding. Lee et al. [10]
studied the friction and wear properties according to the
type, size, and shape of abrasives in the friction material
using two different (coarse and fine) grades of zircon
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and quartz particles. They indicated that the size, shape,
and toughness of the abrasive particles could
significantly affect the wear of the friction material and
aggressiveness against gray iron counter discs.

In this study, the friction and wear properties of
automotive brake linings containing zircon (ZrSiOs)
particles of three different amounts (5, 10 and 15 wt %)
were investigated. Tribo-tests were carried out using a
pin-on-disc type friction tester. The brake lining samples
were also characterized by measuring their hardness and
density.

2 EXPERIMENTS

The relative amounts of raw materials used for
our experiments are listed in Table 1. The brake lining
samples comprise phenolic resin as a binder, steel wool
as a metal fiber, brass and copper particles as functional
fillers, graphite as a solid lubricant, cashew dust as a
friction modifier, zircon as an abrasive and barite as a
space filler.

The brake lining specimens were produced by
dry-mixing, pre-forming, hot pressing and post-curing.
All constituents were weighed with a sensitivity of 0.1
mg and mixed in a blender. The mixing schedule was of
ten minutes duration. After the mixing operation, the mix
was pre-formed at room temperature under 8 MPa for 2
min and hot pressed at 150°C and 10 MPa pressure for
10 min and subsequently postcured. Two intermittent
breathings were also allowed during the initiation of
curing to remove volatiles and moisture. Post-curing
operation was carried out for 4 h at a constant
temperature of 180°C and atmospheric pressure. The
cylindrical brake lining specimens in the size of ©¥25.4
mm X 10 mm were manufactured according to the
procedure given in Table 2.

Hardness of all brake lining samples were
measured using Brinell hardness tester with 62.5 kgf
load and 2.5 mm diameter of indenter steel ball. Three
repeated tests were conducted for each specimen and the
average value is displayed in Table 3. The density of the
specimens was determined based on Archimedean
principle in water.



The friction characteristics of the three brake
lining specimens were examined using a real brake disc-
type tester (schematic sketch as shown in Fig. 1) which
is fully computer controllable and comprises of data
acquisition software. Detailed information about the test
procedure can be found elsewhere [11].

Table 1. Raw material ingredients used to produce the
brake lining samples (wt.%)

e . . Sample code
Classification Ingredients 75 210 715
Binder Phenolic 20 20 20

resin
Metal fiber Steel wool 5 5 5
Brass
Functional particles 5 5 5
fillers Copper 8 8 8
particles
Solid .
lubricant Graphite 5 5 5
Friction Cashew
modifier dust 010 10
Abrasive ZrSiOy 5 10 15
Space filler Barite 42 37 32

Table 2. Manufacturing procedure for brake lining

samples
Conditions
Procedure Time Temperature Pressure
(min) (°C) (MPa)

Mixing 10 Room i

temperature
Pre-forming 2 Room

temperature
Molding 10 150°C 10
Post-curing 240 180°C -

Friction tests were carried out against grey cast
iron disc whose diameter and hardness were 280 mm and
116 HB, respectively. The disc temperature was
measured during the tests by using non-contacting
infrared (IR) thermometer. The thermometer is placed at
approximately 2 cm away from the trailing edge of the
brake lining samples. Three tests were run of each
specimen for each test conditions and average values
were reported here.

Manometer

Caliper Electrical Motor B
~ \ L. Computer Monitor
EEIL |
- L
Loadcell
- —~, Control Panel

Hydraulic
Unit —

4 T P

Fig. 1. Schematic of brake friction test equipment [12]
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From the values of the normal load applied on the
pin fn, and the frictional frictional force fs measured by
tester device, the friction coefficient p is calculated as
follow:

u=k
 fa
(€
The amount of wear of the samples were
determined by measuring the difference in weight after
the tests. The specific wear rate was determined in

accordance to TSE 555 [13] standard by using the
following equation:

V= 1 . myq — ny
" 2mR n.f.p 2)
where V is the specific wear rate (cm®Nm), R is
the distance between centers of the sample and the
rotating disc (m), m1 and m; are the average specimen
weights before and after the test (g), respectively, n is the
rotating number of disk, p is the density of the brake
lining (g/cm?), and f is the average frictional force (N).

3 RESULTS AND DISCUSSION

Friction-induced surface films, ranging from
about 0.5 to 5-pm thick are commonly observed on the
surfaces of friction brakes. Some authors claimed that
this can stabilize frictional behaviour, but their exact role
in braking is controversial [14, 15]. In fact, some
manufacturers add abrasive additives into frictional
materials to control friction film build-up on the
opposing rotor surface and to improve their “grip”.

When the coefficient of friction () is concerned,
it varies significantly at the initial stage of testing. This
can be attributed to the fact that the size of the contact
area increases and the friction layer is developed on the
surface. The variations of the friction coefficient with
test time are depicted in Figures 2-4. As seen from the
figures, the friction coefficients show different features
depending on the content.

The coefficient of friction of friction material
often varies as the sliding speed changes, and this
amount of coefficient of friction variation is highly
dependent on ingredients in the friction material [16].

It is seen from these figures that, the friction
coefficient gradually increases in all samples. The
friction coefficient value increases for all samples until
100th second and then decrease rapidly until 300th
second (Fig. 2, 3, 4). The reason of increasing friction
coefficient is contact of the metallic material to the disc
surface. The metallic materials in ingredient wear in the
time. Therefore, these metallic materials detach from
surface of brake pad, and the friction coefficient
decreases. This phenomenon is continuing until new
friction surfaces occur. Heavy increase in the friction
coefficient results in increase in temperature on the
surface of friction. This situation is very fluctuating, and
undesirable.



In all samples, after p increases first and then
maintained a constant value with slight fluctuations (Fig.
2,3,4).
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Wear mechanisms during wearing of friction
materials are extremely complex phenomena since
several interactions and mechanisms are simultaneously
operative during material removal/gain process from
both the surfaces. These are dynamic processes which in
turn depend on composition of contacting surfaces
including that of third phase (tribolayer), which in turn
depends on operating parameters such as load, speed and
especially interface temperature. No wearing cannot be
expected from brake linings. Even if very high wear
resistant materials are used, this results in wear of the
counter surface.

Table 3. Typical characteristics of the brake pad with
Al203 in this study

sample Spe_cific wgar Density Brinell Fric.tign
code ratlog(xlo ) (glem?) hardness  coefficient
(cm3/Nm) (HB) (1)
Z-5 17,4 2,31 26 0,27
ZH-5 10,8 2,19 29 0,32
Z-10 21,9 2,33 28 0,32
ZH-10 147 2,23 34 0,34
Z-15 22,3 2,35 30 0,34
ZH-15 16,5 2,26 38 0,40

Specific wear ratio of heat-treated and untreated
specimens was shown in Table 2 for zircon added
samples, respectively. It is seen from Table 2 that wear
generally decreased in heat treated specimens.

In general, heat treatment supplied better wear
resistance comparing to untreated specimens. Maximum
wear ratio of the base friction material was found to be
22,3 for Z-15 sample. This value isn’t very high for the
brake lining materials. This value was decreased to 16,5
for ZH-15 sample. Although this is a good result in
terms of wear resistance, this condition results in lower
friction coefficient values (Table 3).

CONCLUSIONS

The effects of Specific wear ratio, density,
hardness and friction coefficient for zircon under dry
sliding were studied. The conclusions from this study
and evaluation are summarized as follows:

With the increasing of zircon into specimens,
friction coefficient also increased.

Heat treatment supplied more homogeneous
structure and hence, micro-structural variations were
minimised during the brake action.

Heat treatment application changed the
microstructure of the brake lining, increased the hardness
and the density.

With the increasing of temperature, the
ingredients in the braking pad were affected other due to
faster diffusion. On the other hand, hardness of specimen
increases due to heat treatment and also specific wear
ratio changes.

The heat treatment on zircon added specimens,
the less wear ratio was obtained comparing to the un-
treatment ones.

The structure of such friction layer differs from
the bulk material formulation and also depends on the
environment and applied testing condition.

The frictional performance strongly depends on
friction layer generated on the friction surface and this
enhances the stability of friction coefficient at higher
contact temperature and hence improves the fade
resistance.
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The use of the drug delivery systems on the meso-porous silica particles

Alime Citak ', Tugce Giiner?, Gizem Akbiyik®

Abstract: In this review, meso-porous silica particles has focused on their use in drug delivery systems. For the being
used that controlled drug release of the meso-porous silica particles, and the purpose of enhancing the loading capacity
of the silica particles was mentioned. The structure of the meso-porous silica materials and metal loading on the meso-
porous materials, controlled drug delivery systems and the material advantages-disadvantages, and also, hydrophobic

drugs was reviewed.

Keywords: SBA-15, meso-porous materials, functionalized SBA-15, hydrophobic drugs, oscillation system drug.

1 INTRODUCTION

Controlled Drug Release Systems enable the
active substance to release locally or systematically at
pre-determined rates and at marked time intervals during
ilinesses. The main objective of controlled release
systems is to stabilize the amount of active substance in
the blood plasma concentration. The release of active
substance is related to the properties of the polymer used
in the dosage form. For this reason, the properties of the
material to be used must be examined in detail for the
suitability of the formulation. Controlled release
systems; PH, ionic forces, motility rate and enzymes.

(Horcajada et al., 2004).

2 ADVANTAGES AND DISADVANTAGES OF
CONTROLLED DRUG RELEASE

Benefits of controlled drug release are:

level of

e Continuous

protection of therapeutic
medication

Reduction of harmful effects due to targeting
Reducing the amount of drug needed

Reduce the dosage amount to improve patient
compliance with the recommended drug regimen
Facilitation of drug management for drugs with short
half-life (eg, proteins and peptide drugs) is affected

(Liversidge et al., 1995).

3 DRUG RELEASE SYSTEMS
Drug release systems have many advantages for
pharmaceuticals. Above all, the effect of drugs can be

improved for the treatment of diseases such as tumors
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using drug release systems. Second, drug delivery
systems (DDS) helps to improve the therapeutic effects
of Third,

biotechnological enhancements

important  drugs. drugs  containing

such as proteins,
plasmids or peptides do not reach certain types of tissues
or cells without carrier systems. Drug carrier systems are
used to ensure that drugs reach the desired tissue or cells.
Although the most commonly used drug consumption is
oral and injection, these systems are inefficient for some
treatments. In addition, distribution systems for low
solubility drugs and proteins are needed. To overcome
these problems, the field of nanotechnology represents
new materials at the nanoscale and is used for many
applications. In particular, silica-based nano-particles are
used for drug release systems (Horcajada ve ark., 2004;

Allen ve ark., 2004).

3.1. Polymeric Drug Release Systems
3.1.1. Diffusion-controlled drug release systems
Membrane systems

In these systems, the drug is stored in a reservoir
surrounded by a swollen or swollen polymeric layer.
Membrane systems can be prepared in various forms

such as sheet, film, capsule, microcapsule, hollow fiber.

Membran Sistemler

Polimerde dagtilmig ilag

e
°
Zaman=t

Zaman=0

Figure 3.1. Demonstration of membrane systems (Regi et
al., 2008)
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Matrix systems

In these systems, the drug is dissolved or dispersed in the
solid polymer. The fabrication of matrix systems is
and than membrane

easier cheaper

systems.

Matriks Sistemler

Polimerde dagtilmig ilag

-
Zaman=t

Zaman=0

Figure 3.2. Demonstration of matrix systems (Regi et al.,
2008)

3.1.1. Chemical controlled drug release systems
Body wear systems

In biodegradable systems, the drug is distributed
in the polymer as in matrices. Unlike matrix systems,
however, the polymer phase, which begins to erode with
the release of the drug in these systems, decreases and
disappears over time. Thanks to this feature, the use of
such implants does not require surgery. If the wear of the
polymer matrix is rather slow compared to the diffusion
of the drug, the release is controlled by diffusion. If
diffusion is slower than wear, drug release rate is
controlled by wear (Horcajada et al., 2004; Gezer et al.,
2013).

Biyolojik Asinabilir Sistemler
MEMBF’;AI‘-J

iLAG

Zaman=t

Zaman=0

Figure 3.3. Demonstration of biological portable

systems (Rengi et al., 2008)

4 HYDROPHOBIC DRUGS

Weak soluble drugs show low bioavailability. For
this reason, the use of low-water-solubility drugs is
limited (Liversidge et al., 1995).
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Disintegration is the first step for the advent of the drug.
In this way, undesirable or hydrophobic drugs in the
aqueous medium of the blood and gastrointestinal tract
result in undesirable pharmacokinetic effects, and the
therapeutic effects of the drug molecules are minimized.
Weak soluble drugs are eliminated from the digestive
tract before they are completely solubilized and
adsorbed. This can lead to poor bioavailability and poor
dosing. The drug is given to the body through the
bloodstream. Normally, it is given orally or
intravenously. However, most of the active molecules
spread before reaching the target and cause side effects.

Here, information will be given about the curcimin drug

that is predicted to inhibit the growth of cancer cells.

4.1. Curcumin

Zerdegal has been around for centuries; It is used
in cats and animals because of the medical effects of the
plant. This extraordinary plant has accepted itself all
over the world with its medical benefits. Turmeric is a
powerful antioxidant. Curcumin, C, E and B-carotene are
the main active ingredients. It is preferred because of its
anti-cancer, liver protective and anti-aging properties.
Turmeric, published in various studies, shows that
different types of cancer cells inhibit growth. It also
helps alleviate potent inflammation such as bursitis,
1995).

Curcumin is a drug with antioxidant, antiinflammatory,

arthritis and back pain (Liversidge et al.,

antiviral, anticarcinogenic and antifungal effects.
Studies have shown that curcumin is not toxic to

humans. Curcimin has an important role in

inflammation. It exhibits antiinflammatory activity by
inhibiting a number of different molecules (Das. Et al.,
2010).
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Curcumin (Curcrera Lornszer) etki alanlan
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Figure 4.1. Curcumin domains

(http://www.zerdecal.org/curcumin-etki-alanlari.php)

Curcumin activates and represses the genetic profile of
research done by Germany. In order to prevent many
diseases, some genes and enzymes have to be activated
in order to be able to treat certain genes and enzymes, ie
passive diseases. This is because the cancer can be
activated by P53 gene curcumin, which performs
apoptosis  on cells and fights

cancer cancer

cells.
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Figure 4.2. Curcumin Activated and Overprinted
Genotype Table (http://www.zerdecal.org/curcumin-etki-

alanlari.php)

Active Components

Its active ingredients are flavonoid curcumin

(diferuloylmethane) and various essential oils including
tumerone, atlantane and zingiberone. Other components
include sugars, proteins and resins. Curcumin is present

in the crude turmeric at a rate of 0.3-5.4%. The formula
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for curcumin below.

given

H,CO

HO
Figure 4.3. Chemical structure of curcumin

(http://www.sepenatural.com.tr/Turmeric-Zerdecal-
Zerdecop-Curcuma-Longa,DP-1126.html).

4.2. Applications Made to Hydrophobic Pesticide
Hydrophilic

Mesoporous silica particles are used for
controlled drug release, to increase the bioavailability of
drugs and to increase their capacity to load silica
particles. In order to increase the drug solubility, the
mesoporous silica fraction is used and the silica fraction
is loaded with chromium metal to increase the drug

activity (Giinaydin et al., 2014, Rosenholm et al., 2008).

5 MESOPOROUS MATERIALS

The pore size is defined by IUPAC as an
entangled mesoporous material ranging from 2-50 nm
(Wang, 2004). Although many mesoporous materials
have been described in the literature, most commonly
known mesoporous materials; M41S family, SBA-n,
HMS, MSU-n, MCF, FSM, KIT, TUD, CMK-n, FDU
and so on. (N =1, 2, ...) (Grieken et al., 2009). The
initials of the names of the people who make the
materials (abbreviations), the university or city where the
synthesis is carried out, and so on. They are named with
definitions. Such materials are especially preferred as
adsorbent, catalyst and catalyst support because of their
large pore sizes, especially when they have limited
diffusion limitations, facilitate mass transfer and have
high surface areas, and have a high active center ratio
per unit mass (Meynen et al. , 2009)

The synthesis of such materials is based on the
formation of the silica wall on the surface active
template and the removal of the surface active material

from the surface after synthesis. The surfactant and silica
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source used lead to differences in pore and wall
properties (Wang, 2009).
the MCM-41

material synthesized by Mobile Research Group in 1992,

Especially after MEesoporous
important studies have been carried out on this subject
(Meynen et al., 2009). Subsequently, in 1998, SBA-15
material, which is notable for its similarity to the MCM-
41 material, was synthesized using a triblock copolymer
as a surfactant. MCM-41 and SBA-15 among the
mesoporous materials frequently encountered in the
literature, surface active materials used in their synthesis,
silica sources, pH range and synthesis conditions are
given in Table 5.1. Materials are numbered differently
under the same name. Given that these numbers have no
physical meaning, they indicate the synthesis number
given during the entire synthesis work. In addition, Table
5.2 shows the physicochemical properties of SBA-15
and MCM-41 porous materials observed in the literature;
Surface areas, pore sizes and wall thicknesses are given
(Meynen et al., 2009).

5.1. Mesoporous Material Types
5.1.1. M41S
The M41S family,

materials, was synthesized in 1992 by researchers of the

among the mesoporous

Mobile Research and Development Partnership. These
materials, called MCM (Mobil Composition Matter),
have found to have pore size ranging from 4 to 30 nm,
large pore volume and high surface area (more than 1000
m2 / g). The main members of this family are MCM-41
(one-dimensional hexagonal structure), MCM-48 (three-
dimensional regular cubic structure) and MCM-50

(unstructured lamellar structure).

(a)

Figure 5.1. M41S family (a) MCM-41, (b) MCM-48,
(c) Structure of MCM-50 (Meynen et al., 2009)
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In literature, MCM-41 is generally synthesized in basic
medium and cetyl trimethyl ammonium bromide is
generally used as surfactant. Materials such as sodium
meta silicate, tetraethyl ortho silicate and tetra ethyl
ammonium hydroxide as silica source are often preferred
in the synthesis stage. The regular pore structure of
MCM-41 is a hexagonal mesoporous material with high
surface area (> 800 m2 / g) (Qye et al., 2001; Mohamed
and Khalil, 2007; Chew et al., 2010).

5.1.2. SBA (Santa Barbara Amorphous)

SBA-15: The SBA-15 mesoporous structure, a
major member of the SBA family, was first synthesized
in 1998 by researchers at the University of California
(Santa Barbara state). This organic material used as a
surfactant is poly (ethylene oxide) -poly (propylene
oxide) -poly (ethylene oxide) ((Cassiers et al., 2002))
which is an organic hexavalent mesoporous
organosilicate amphiphilic block copolymer. PEO-PPO-
PEO) structure and it is defined as a good material with
its amphilic character, cheap and biodegradable
properties. SBA-15 has two-dimensional (2D) hexagonal
(p6bmm) meso structure and thick silica walls (> 31 A)

(Zhao et al., 1998, Du et al., 2011).

mezogbzenek

(4-14 nm)

mikrogozenek

Figure 5.2. Before and after calcination, SBA-15
(Meynen et al., 2009)
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Table 5.1. Mesoporous materials (Meynen et al., 2009, Zhao et al., 1998)
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Table 5.2. Mean surface area, pore size and wall
thickness values of SBA-15 and MCM-41 (Meynen et al.,
2009)

Malzems , Bet Yizey Alam Cozewek Bovatu Duvar Kalinhg

Y (nm) (1m)
MOM~41 500 330 13
SBA-IS § 600 $100 3164

Figure 5.3. Pore demonstration of silica-based SBA-15
(Zhao et al., 1998).

6 CHROME METALLIC
6.1. Effects of chromium on human health

Chromium, which affects carbohydrate, water and
protein metabolism by providing insulin action in the
body, is a metal everywhere in nature and is> 0.1 pg / m®
in air and on average 1 pg / L in uncontaminated water.
In most soils there is a small amount of chromium (2 -
60 mg / kg), while in some uncontaminated soils this
up 4 g | kg (http:

www.mta.gov.tr/v2.0/default.php? Id = #chromium). It

value s to
was first produced in 1789 by French L. N. Vauquelin
and is called chromium, which means greek colors due
to its multicolouriness. Nowadays it is used especially as
an alloy element. The behavior of chromium in living
organisms, especially in the human body, depends on the
oxidation stage and the chemical properties of the
oxidation stage and the physical structure of the
environment. Average chromium uptake per day (in all

values) averages between 30 and 200 pg. There is no

104

toxicological effect of chromium in this area and it meets
the need of daily chromium in an adult person.
Chromium taken up to 250 pg per day has no harm to
body health. While approximately 0.5-3.0% of the
approximately taken Cr®* is adsorbed by the body, the
adsorption of the Cré* 5 times (about 3-6% Cr®*). The
chromium which is adsorbed is generally discarded as a
urea compound and the daily chromium is 0.5 - 1.5 pg,
which is approximately equal to the daily chromium.
The chrome in the solution is immediately adsorbed by
the skin and the kidneys are expelled and excreted
through the red blood cells (MTA, 2015).

The amount of chromium consumed per day is related to
the consumed nutrients. Meat, cereals, legumes and
spices are the best sources of chromium, dairy products,
and many vegetables and fruits contain a small amount
of chromium. Chromium deficiency in the human body
manifests itself as diabetes. While chromium deficiency
excessive Cr® in

increases the toxicity of lead,

biological systems causes different types of cancer.

Table 6.1. Daily doses of chromium that should be taken

in an adequate and safe dose (Richard, 1998)

Tavsive edilen
krom dozu

Yas

6 aydan daha kacuk bebekler 10-490 ug

6 ay ile as aras: bebekler 20-60 pg

»cuklar 20-80 ug
30-120 ug
aki cocuk-orta yas aras: S0-200 ug

Orta yas ve Qzeri SO ug

7 RESULTS AND DISCUSSION

Because of its unique properties, mesoporous
materials can be used in different areas. For example,
they can be used as active complexes in catalytic

applications due to their superior internal surface area



and tuning pore volume advantages. Due to the non-
toxic nature and hydrothermal strength of mesoporous
structures, scientists use silica mesoporous materials to
perform biomedical research such as disease treatment.
Adsorption is one of the major application areas of
mesoporous  structures. Large pore volume and
flexibility can be used to absorb gasses, liquids and
heavy metals. In addition to these application areas,
mesoporous materials can be modified or -easily
combined with different materials.

The main objective of this review is to provide
information to make hydrophobic drugs hydrophilic by
using mesoporous silica particles. Mesoporous support
material SBA-15 is much more effective than other
support materials in catalytic applications due to its
smooth structure and high surface area. At the same
time, damage to the body (enzymatic depletion, hormone
depletion, fat, protein depletion and muscle proliferation)
during the treatment of cancer cells by loading
It is a
that

chromium into SBA-15 will be minimized.

widespread use of curcumin, demonstrating

biocompatibility is poorly soluble in water and can be

used in non-toxic controlled drug delivery systems.
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Investigation of the Reaction Kinetic of Cordierite Ceramics Production by
Using Magnesite Filter Powder

Aysegiil Askin*!) flknur Tatarz, Sule thng3

Abstract: Different raw materials are used in the production of cordierite ceramics. In the production of cordierite
with optimum properties, the costs of the production should be considered. Firstly, the amount of energy required for
the formation of cordierite ceramics should be calculated. For this purpose, in this study, the reaction kinetics of the
production of cordierite ceramics was investigated. The raw magnesite and magnesite filter powder were used as MgO
source in cordierite formation. Activation energies and Arrhenius constants were calculated from DSC/TG analysis
data by Kissinger-Akahira-Sunose (KAS), Flynn—Wall-Ozawa (FWO) and Coats-Redfern methods. The activation
energy was found to be 112 kJ/mol for CW, 118 kJ/mol for CR according to the KAS method, 136 kJ/mol for CW, and
142 kJ/mol for CR according to the FWO method. The phase contents of the cordierite materials sintered at various
temperatures and heating rates were determined quantitatively by the Rietveld analysis.

Keywords: Cordierite, Kinetics, Rietveld, Kissinger Equation

1 INTRODUCTION

The cordierite with optimum properties is present
in the Mg,Al,SisO,g formula at a stoichiometric ratio of
2:2:5 and is magnesium alumina silicate from the oxides
of the MgO-Al,03-Si0, ternary phase system (Rohan et
al., 2004, Gokge et al., 2010). It contains 13.8% MgO,
34.8% Al,O; and 51.4% SiO, according to stoichiometric
calculations (Yilmaz and Kara, 2010). Cordierite, a high
thermal resistance material, is characterized by its high
thermal shock resistance and low thermal conductivity
due to its low coefficient of thermal expansion (Li et al.
2013; Xu et al., 2016). Besides, the other outstanding
properties of cordierite ceramics are low dielectric
constant, high refractoriness, excellent mechanical
property and good chemical durability (Li vd. 2013).

According to the orthorhombic and hexagonal
polymorphic structures of Mg2Al4Si5018 compound,
there are 3 accepted forms, a-cordierite, f-cordierite and
p-cordierite. The high temperature form of dimorphous
cordierite is indialite (a-cordierite) (Dimitrijevic and
Dondur, 2007) and hexagonal structure. It has a stable
structure at temperatures below 1450 °C (Pahari et al.,
2016). The inditalite lattice parameters are a=9.800,
¢=9.345 (Meagher and Gibbs, 1977) and the space group
is P6/mcc (Ebadzadeh and Lee, 1998).

Stable p-cordierite forms hydrothermally below
830 °C from glass or from the two other crystalline forms
and the lattice parameters of this orthorhombic structure
are a=17.10, b=9.78 and ¢=9.33. According to XRD, the
interplanar spacing of f-cordierite is very similar to a-
cordierite ~ (Karkhanavala and Hummel, 1953).
Furthermore, at temperatures below 1400 °C, the low
cordierite or f-cordierite, the space group Cccm with
orthorhombic structure, slowly turns into high cordierite,
a-cordierite. The u-cordierite is prepared with special
compositions such as fine glass powder (Pahari et al.,
2016) and is obtained by crystallization of this mixture at
low temperatures of 800 to 950 °C (Sumi et al., 1998).

106

In order to determine the formation temperatures
of cordierite, the kinetic parameters must be determined
in order to determine the amount of energy required for
formation. For this, non-isothermal methods for
determining the kinetic parameters of thermal
decomposition have many advantages (Pahari et al.,
2016). In this study, the activation energy and pre-
exponantial factor were determined in cordierite
formation by Kissinger-Akahira-Sunose (KAS), Flynn—
Wall-Ozawa (FWO) and Coats-Redfern methods.

1.1 Methods of determining kinetic parameters and
activation energy

While the cordierite ceramic material is sintering
at high temperatures, the amount of energy that must be
exceeded for activation of the chemical reaction is
calculated. For this, the thermogravimetric analysis
results and the KAS, FWO and Coats-Redfern Methods
were used. The activation energy was calculated by KAS
and FWO methods and pre-exponential factor (Arrhenius
constant) was calculated by Coats-Redfern method.

The conversion rate of the mass losses occurring
during phase transformation in CR and CW cordierite
samples was calculated according to Equation 1 (Pahari
et al., 2016). Here, x is the degree of conversion, m; is
initial sample mass, m; is final sample mass, and m, is

current sample mass at the moment ¢ during
thermogravimetric analysis.
m.
X = 1 ™Mt (1)
my— mg

The respective sample starting masses measured
for DSC/TG analysis at 10, 20 and 30 °C/min at each
heating rate are 28.5, 28.1 and 28.9 mg in CW cordierite
samples, and 24.67, 32.43, 36.77 mg in CR cordierite
samples.

1.1.1  Method of Kissinger-Akahira-Sunose (KAS)
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The KAS Method (Extended Kissinger Method)
is one of the most important approaches used in
determining kinetic parameters by thermal analysis. This
method is based on an experiment in which milligram
quantities of the reacting material are heat treated at
different heating rates while the exothermic peak is
recorded (Blaine and Kissinger, 2012). The KAS method
is a model-free approach. This non-isoconversional
method does not calculate Ea for each x conversion
value and assumes a constant Ea (Pahari vd., 2016). The
activation energy and the pre-exponential factor of the
thermal decomposition reaction are calculated according
to Equation 2 (Kissinger equation) (Ceylan and Topgu,
2014).

A Ea
REg(x]

In (f—z)= In - % )

Here, Ea is the activation energy (kJ/mol), R is
the universal gas constant (8.314 J/molK), S is the
heating rate (K/min), T is the maximum exothermic peak
temperature observed in the DSC curve (K) and A is the
pre-exponantial factor (Arrhenius constant) (Pahari et al.,
2016). In the plot of In(8/T°) versus 1/T, the slope gives -
Ea/R and the average activation energy can be
determined by calculation in a conversion range from 0
to 1 (Ceylan and Topgu, 2014). A first order reaction
order (n = 1) is usually assumed (Blaine ve Kissinger,
2012).

1.1.2  Method of Flynn—Wall-Ozawa (FWO)

Another method of thermal analysis is the model-
free FWO method. In this iso-conversional method, Ea is
determined by the following Equation 3 using the Doyle
approach (Pahari vd., 2016).

a

AE
log (F)=1og Py

~2,315- 0457 == (3)
) AT

In the plot of log (f) versus 1/T, the slope gives
-0.457Ea/R and the average activation energy can be

determined by calculation in a conversion range from 0
to 1 (Ceylan and Topgu, 2014).

1.1.3  Method of Coats-Redfern

The Coats-Redfern method is a model free
method derived from the Arrhenius equation. The KAS
and FWO methods are suitable for calculation of
activation energy, but Coats-Redfern method is used to
calculate the Arrhenius constant (A) and this equation is
given below (Ceylan and Topgu).

o Wmli-2, AR Ea
In{ — == y=1In c)_

According to Equation 4, in the plot of In(-(1-
x)/T°) versus 1/T, the slope gives -Ea/R, and breakpoint
gives In(AR/PE,) (Ceylan and Topgu, 2014).
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In the Coats-Redfern method, n is the parameter
of Avrami, the degree of reaction and it is chosen
according to Table 2. The Arrhenius constant (A) of the
KAS and FWO equations can be calculated by Coats-
Redfern method.

Table 1.The values of the n parameters for various crystallization
mechanisms (Erkmen, 2012)

Crystallization Mechanism Growth Dimension n
Volume crystallization in the 3D 3
condition of number of fixed ) >
cores (in which case the number
of cores is independent of the
heating rate) 1D 1
3D 3
Volume crystallization with
R X . 2D 2
increasing number of nuclei
1D 1
Surface Crystallization 1

2 EXPERIMENTAL PROCEDURE

In this study, raw magnesite, magnesite filter
powder, 74 micron quartz and kaolin were used as initial
raw materials in order to obtain cordierite phase. In our
previous paper (Askin et al., 2016) we have reported the
experimental procedure (the preparing method of the
CW and CR cordierite compositions and sintering
process (1250, 1300, 1325 °C)).

Figure 1 shows the particle size distrubution of
the samples. The grain size of dgy of CW and CR
cordierite powders are 16.95 and 12.07 um, respectively.

100 .
”
r'd
80 .
< 60 |
o
2 10 | = CR
< —_—CW
20 {
0 e
001 000 100 1000 10000 1.000.00

Particle size (um)

Fig. 1. Particle size distribution of CW and CR
cordierite samples

2.1 Thermal Characterization with DSC/TG Analysis

The loss in masses and peak temperatures
observed during the sintering of CR and CW cordierite
samples were recorded. Setaram Labsysevo thermal
analyzer was used for this purpose. The temperature
range was determined as 0-1200 °C and DSC
(Differential ~ Scanning  Calorimetry) and TG
(Thermogravimetric) analyses were carried out under
argon inert gas at a flow rate of 50 ml/min. With these
analyses, the endothermic and exothermic
decompositions and formations, peak values and mass
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losses, occurred during the reaction, were recorded in the
cordierite samples.

In the DSC/TG thermal analysis method two or
more basic analysis techniques are applied on a single
sample at the same time. In this thesis study, the effect of
temperature on cordierite powder material was
investigated with reference to alumina. Crystallization
activation energy and mass losses due to heat effect were
determined from DSC/TG analysis data obtained at
different heating rates of 10, 20, 30 °C/min.

2.2 Quantitative Analysis

The crystalline phases were identified by using an
X-ray diffractometer (Shimadzu XRD-6000 model) with
CuKao radiation (1.54 A) and the range of the scanning
angle was from 5° to 90° with a scanning speed of
2°/min.

Rietveld based quantitative analysis was
performed on each of the diffraction patterns using the
MAUD  (Material  Analysis Using Diffraction)
programme (Lutterotti, 2010; Lutterotti et al.,1997),
which is designed to simultaneously refine the material
structure and the microstructure through the Marquardt
least-squares method. (Palatinus et al., 2007).

3 RESULTS AND DISCUSSION

The Ea activation energies are determined by
using KAS and FWO methods, and A Arrhenius
constant is determined by using Coats-Redfern method.
For this purpose, the degree of conversion values are
calculated from Equation 1, the temperatures
corresponding to the conversion values in each 0-1 range
are determined.

The average activation energies calculated for the
conversion values according to the KAS and FWO
methods and the A Arrhenius constants calculated by the
Coats-Redfern method are given in Table 3 according
with the R” standard deviation rates.

Tablo 3. Ea and A values calculated for CW and CR cordierite
samples

Table 3. Ea and A values calculated for CW and CR cordierite samples

KAS FWO
Sample Coats- Coats-
P Ea R  Redfern Ea R®> Redfern
kJ/mol kJ/mol
A A
CMF 112.41 099 8E-11 118.63  0.99 2E-11
CM 136.24 095 6E-15 142.85 095 2E-15

In the CW cordierite sample, according to the
DSC/TG analysis, the first endothermic peaks wass
observed at 95, 103 and 127 °C, respectively, at heating
rates of 10, 20 and 30 °C/min, which can be attributed to
the evaporation of absorption water (Tang, 2011). The
strongest endothermic peak begins at kaolin dehydration
at 538 °C leading to the transformation of a-quartz into
hexagonal f-quartz (Kobayashi et al., 2000, Tucker et
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al., 2001; Obradovic et al., 2016). This conversion is
completed at 672, 692 and 714 °C. The cordierite
formation on the CW samples started at 979, 991 and
1002 °C and was completed with a-cordierite formation
at 1145, 1115 and 1150 °C.

Tempearature °C
Fig. 2. DSC curve of CW cordierite at different heating
rate

The strongest endothermic peak at 576, 619 and
604 °C begins kaoline dehydroxylation (Kobayashi et
al., 2000) and leading to the transformation of a-quartz
into hexagonal S-quartz (Tucker et al., 2001; Obradovic
et al., 2016). This conversion is completed at 686, 728 ve
749 °C. The exothermic peak temperatures of 820, 831
and 835 °C were first observed in CR cordierite samples.
At the cordierite exothermic peaks, two exothermic
peaks of 994-1136 °C and 1000-1152 °C were observed
with 20 and 30 °C/min, respectively, and these peaks
were attributed to crystal phase change (Tang, 2011). At
the 977, 1136 and 1152 °C exothermic peaks, a-
cordierite formation was completed.

o=

DEC (LN mg)

10 *Cimin
¥ 20 °Clmin
ala sssssanis 30 ¥Clmin
-5

0 100 200 300

400 s000 8500 TOO O BUO

Temperature °C
Fig.3. DSC curve of CR cordierite at different heating
rate

Q00 1000 1100 1200

Phases formed in CW and CR cordierite
samples sintered at each temperature were identified
from the XRD raw data. Subsequently obtained
crystallographic information files (CIFs) was entered
into MAUD. The lists of the PDF card numbers of the
phases and crystal structures are given in Table 4. The
quantitative ratios of the phases obtained from Rietveld
phase analysis results are given in Table 5.
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Table 4.The characteristic properties of phases for Rietveld analysis

Phase Space Crystal PDF Card No
Group Structure (cif no)

L 01-082-1884"
a-cordierite P6/mcc Hexagonal b
00-013-0293

L . 01-076-6035"
p-cordierite Ccem Orthorhombic b
01-072-0172

Cristobalite P41212 Tetragonal 00-039-1425
Forsiterite Pmnb Orthorhombic 00-034-0189
Quartz P3221 Hexagonal 00-033-1161
Enstatite Pbca Orthorhombic 00-019-0768
Spinel Fd-3m Cubic 00-021-1152
Proto- Pben Orthorhombic 04-007-8621

enstatite
4 CONCLUSION

In the production of cordierite ceramics, sintering
was carried out at different heating rates (1.5, 2 and 3
°C/min) at 1250, 1300 and 1325 °C. The raw magnesite
and heat treated waste magnesite filter powder were used
as two different MgO sources. The a-cordierite
formation on the CW sample starts at 991 °C and
completes at 1115 °C, while the CR sample starts at 855
°C and completes at 1152 °C.

When the CW and CR cordierite samples
sintered at 1250 °C are compared, approximately o-
cordierite is present at 53% CR and 61% CW. As the
sintering temperature increases, f-cordierite begins to
form. CW cordierite contains 47% a-cordierite and 1%
[-cordierite and CR cordierite contains 44% a-cordierite
and 7% f-cordierite at 1300 °C at a heating rate of 3
°C/min. At 1325 ° C, the amount of p-cordierite
increased to 12%, while the oa-cordierite was 61%. A
total of about 75% of the cordierite phase was observed.
The main phase and the desired phase in the cordierite
ceramics are a-cordierite phase.

The Ea values were calculated as 112.41 kJ/mol in the
CW cordierite sample and 136.42 kJ/mol in the CR
according to the KAS method. The values were
calculated as 118.63 kJ/mol in the KAS method and
142.85 kJ/mol in the FWO method for the CR sample.

Table 5. Rietveld Analysis Results of CW and CR Cordierite Samples

Both methods do not show high differences in the
calculated activation energies. The A Arrhenius
equations for the KAS and FWO equations are
calculated by the Coats-Redfern method and are given in
Table 3.
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Abstract: An effective and quality work requires a clean environment, security and rigor in each department of an
organization. The 5S’s respectively Seiri, Seiton, Seiso, Seiketsu and Shitsuke are the briks neccesary to build a
Sfunctional work environment, driven by simple, precise and effective rules. The 5S principle is the foundation on which
the manufacturing management production builds a step of progress, as a lever of change management. Meanwhile, the
58 can be considered as basic rules of order, discipline, preliminaries unmistakable for an entire improvement of
manufacture production. In this paper, we want to give a generator signal by using the 5S Audit survey as a concept for
continuing improvment of technological process. The analyses of the paper take in consideration the data base from a
survey used on 100 employers involved in production process and give some feed back upon the quality system and

some practical solution.

Keywords: Improving quality, Quality audit, 55, Production management

1 INTRODUCTION

5S are the five Japanese words that begin with
the letter 'S'. SEI-RI (Sort) SEI-TON (Set in order),
SEISO (Shining), SEI-KE-TSU (Standardization) SHI-
TSU-KE (Self Discipline).

5S are the first steps for efficient company
helping the quality management process to a continuing
improvement of technological process.

The 5S is the foundation on which the
manufacturing management builds a step of progress,
creates a functional work environment and establishes
simple rules, precise and effective.

Another strong point of 5S principle is the
effective and quality work requires in a clean
environment, security and rigor.

Following each step of 5S’s the production
management assurance the lean- manufacturing methods
as a lever of change management.

Meanwhile, the 5S can be considered as basic
rules of order, discipline, and preliminaries unmistakable
for an entire improvement of technological process and
prevent the elimination of loss and decreased the losses
from different stages of product design and
manufacturing process (Boca, G.D. ,2015).

It is important to note, however, that there will be
no real improvement in productivity or quality if waste
continues along the technological and manufacture
process.

The 5W’s can give the importance of the 5S
Audit tool used to identify the problems and establish
some solution to improve the quality management
(Boca,G.D.2012). The internal audit in each organization
presents the connection between the workers and their
responsibilities in entire production process.
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1.1. What we get with 58?

5S implementation results in improvements
application areas are on behind of more important
changing attitudes towards staff and employers work and
people to what they do on technological process.

It is necessary for everyone to be involved
because it is impossible to start a 5SS campaign with just
one or two persons. The challenge is to make a regular
thing wusing 5S which requires determination,
perseverance and cooperation.

This kind of participation and combination
between responsible and workers, in turn, creates a new
sense of team identity and a better climate in the
organization.

Each part of the 5S is important, each step has the
power to open the eyes of personnel and it is the best
way to start eliminating wastage.

It is Important to note is that there will be no real
improvement in productivity or quality, if it persists
waste.

The 58 is the foundation on which it builds a step
of progress, the deployment means and methods lean-
manufacturing site, as a lever of change management.

Meanwhile, the 5S can be considered as basic
rules of order, discipline, and preliminaries unmistakable
for an entire department, section form manufacture
process. For that reason the paper wants to be a promoter
of the change management and establish keys for a
comprehensive model useful in each organization
starting from the 5W’s questions.

What we can identify using the method 5S ?

The method is usuful for the efficiency of production, to
identify what is wrong in the technological process,to
verify and establish the relation machine-environment-



2™ International Conference on Engineering Technology and Applied Sciences
Cluj Napoca Technical University, Romania 20-21 April 2017

worker from different stages of manufacture process
(Vele. C.L, 2012).

Another S assimilated recently because of the dinamic
character of quality it is safety. The safety is important
too, taking in consideration the environment and the
internal condition from economical system and along the
technological ( Fig.1.).

Quality Efficiency
Eliminating
Safety breakdown

Fig.1. The 5S influence upon organization

Why? Kaizen Principles for continuous
improvement using the S’s are:

a) There is always place for improvement;

b) Teamwork in quality circles;

c) Strong Personal discipline;

d) Workers are confident
suggestions.

When? we can used the method? when a problem
keeps occuring. The specific tool for improving the
Quality Management is the ramp used to idetify the
weak point for a specific part of the technological

process in organization management (Fig.2).

about offering

Improving
Quality Management

Fig.2. The connection between 5S and PDCA cycle

We can observed that 58S is a obstacle ( passed or
not passed ) tool used to verify and check the PDCA
cycle from production management process, (Boca, G.D.
2012).

Cycle of 58 is indeed re- evolutionary principle and
he follows the PDCA (Plan-Do-Check-Action),
expresion of process improvements.

PLAN:  first establish the environment and
cleaning job. This phase, concrete can be exploited to
plan actions, setting of objectives (Plan), actors
(employees).

DO: Actions are taken (Do) and the result CHECK
checked (Check).
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ACT: finally, assess the gap between what was
found and objectives (Action), is redefining the new
shares (Plan) and their allocation per person.

2.1. PDCA vs. 58's

5S method of organizing your workspace is a
highly effective tool for lean mangement and brings
visible results, given correctly and which can be easely
implemented. On the same time it is possible to make the
connection between 5S and PDCA cycle (Table 1).

Table.1. PDCA vs 5S8's

PLAN Planning SORT
Current situation
Cause analyze SHINE
DO Solutions SET
CHECK | Resuts
ACT Standardization STANDARDIZATIO
Solutions N
Future plans SUSTAIN

2. CASE STUDY -5S AUDIT

In this study, we present the results of applying
the 5S Audit technique in a company from an important
industrial producer, a very succesful company and
maintaing its position in the top of quality management
from Maramures Region.

Targets defined in this study is based on indirect
factors which can influence and act as motivational
elements or obstacle.

Every month and year the company measures
the performance and evaluates the company
management process applying internal audit but in the
same time external audit.

For our study the
December 2016.

The internal audit were based on five major
principles  (sort, select, shine, standardization and
sustain) using the standard 5S Audit survey.

The target was applied on 100 persons involved
in two shifts from the same assembly section to put
under the observation if each shift identify the same
problems and missing elements.

The proposed of the study is internal audit done
¢ to identify the potential barriers earlier,

to verify if on the asambley section

workers are maintaing the work space

to observed if the employeers are capable to

organize the production activity.
By applying this type of audit, employees can
realised the importance of his/her position in the process
including here how to organize the workspace, why it is
important the work place and environment to be clean,
efficient work and safe environment while improving
productivity and employee performance.

The survey were structured in five parts for each
S covering the particular aspectes and elements for the
specific S. A scale format with a typical five-level Likert

survey was applied in

the
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item, were used from 1- strongly disagree, 2-disagree, 3-
neither agree nor disagree, 4-agree and 5-strongly agree

The main purpose of implementation of the 5S
method is to introduce the need for organizations, some
standardized operational practices that provide effective
solutions and reliable repetitive work. A standardized
workflow within the company provides a solid basis for
further improvements needed or type requested in the
implementation of Lean tools.

At the same time, the 5S's provide a better view
of the workspace, achieved performance by one of the
most important aspects of the 5S method, namely
identifying the problem and its immediate signaling.

3. RESEARCH METHODS

The study realised a descriptive analize regarding
the organizing and cleaning, developing and sustaining
a productive job and create the basis of any process
improvement using the 5S and establish aims:

1. Elimination of waste resulting from
uncontrolled process;

2. A better control the location and position of
equipment, materials and other goods
inventory;

3. Application of control techniques to avoid
damage to the improvements previously earned;

4. Scaling improvements for critical process
parameters are maintained.

The audit survey was applied to a group of
employees in the department Assembly, to identify
problems in terms of Lean 5S tool.

3. RESULTS

After the questionnaire was completed, by the
respondents, the results obtained are:
1.Seiri - Sort - Sort
Objectives :
- Sorting means right choice:
- What is required to be kept.
- What is useless to be removed from their jobs.

15 S0RT
Ery sme s
- 332
s 3432
B sa0
£
£ =10 323
ﬂ 220
2
20
300
1 2 x 3 E

Fig. 3 Spider diagram score for SORT

By centralizing the scores for 1S=SORT (Fig.3) of the
questionnaire, we emphasize that the company's
purview, sorting is successful, the average scores is
about 4.5 from the maximum possible. The result
centralized obvious conclusion that the area is safe for
the activity issued by unnecessary items.

2.Seiton - Set in Order -Select
Objective:

- Arranging means organizing the activity;

- Being able to easily find and use what you need.
For 2S=STRAIGHTEN of the questionnaire, we
obtained that a 91% percent from selection stage is
covered, which means that

- all locations for tools and equipment are

labeled;
- there is visual control workflow;
- there is visual control equipment and process

technology (Fig.4.).
Lr-t=)
a7 25 - STRAIGHTEN
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Fig. 4. Spider dia:gram for SELECT score

3. Seiso - Shine - Cleaning
Objectives:

- Cleaning means;

- To keep the workplace clean;

- Proper storage of tools and equipment.
Questionnaire for 3S=SHINE records a score of 4.7
points out of a maximum possible 5 indicating selective
waste collection, recycling standards and proper storage
of equipment and cleaners (Fig.5).
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Fig. 5. Spider diagram for SHINE
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Given that score the conclusion is that this
department is new and all equipment and tools were
purchased recently, the result was a certainty.

4. Seiketsu - Standardizing - Standardization
Standardization means:

- Maintaining the level reached after the

implementation of the first 3S;

- Putting under observation the new S =safety.

Standardization as the fourth stage involves
maintaining the level reached after the implementation
of the first 3S. The situation obtained until now for
assembly department section have quality on the fore
under the international standards into continuous
flexibility on a global market .

45 STANDARDIZATION
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Fig. 6. Spider diagram score for STANDARDIZATION

Pooled from the questionnaires the 100 employees,
reveal an average of 3.72 points from 5 maximum
points. This score results for management is a signal to
continue the actions started using 5S as part of the
process of continuous improvement and establish a
program with specific activities to improve the relation
staff-quality.

5. Shitsuke - Sustain - Support

5S is more than just cleaning means keeping
discipline by observing and reviewing standards when
organization, technological process or staff needed
(Fig.7).
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Fig. 7. Spider diagram for SUSTAIN
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Average score is 3.89, which indicates that
actions taken so far remain successful. The 5S =sustain
reveal a week score in comparison with the first 3S
which presents some intreruption on the communication
between the workers and the responsible with quality
and audit verification 5S aims seams to become a future
provocation for assambley department in the
development of communication and dissemination of
audit results in front of employeers and the neccessity to
expalin the importance of participation to the final
results of quality audit.

The results will always be compared with
previous ones to determine the way forward to maintain
5S in the assembly department.

As a final conclusion (Fig. 8) , the minimum
values for 4S and 5S needs some measures to improve
the score. One of the hardest stage will certainly be
Sustaining (3.89) as required Standardization (3.72)
efforts for maintaining and supporting actions.

AUDIT5S

Fig. 8. The total score using 5S Audit

The minimum scores obtained is 3.72 points=4S,
and the maximum is 4.56 points=2S, for each step in
Fig.9. we present the final results for 5S Audit.

3§ Audit score

1S
25
1135
H4s
H 55

Fig. 9.Total average score for 5S Audit

In conclusion the future action for assambley
department must be oriented to:

-communication of quality and audit results to staff;
-a sustain of staff in front of technological process in
each stage of manufacture.
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5. Barriers on Organization Culture of 5Ss

5.1. Structural Ecuation Modelling

If we take in consideration each S as a possible
variable for organization, and taking in consideration
the final results of survey we can establish models and
create clusters for 5S Audit and establish the
connection between the variables.

Structural Ecuation Modelling (SME) is a statistical
methodology used as a tool for confirmatory hypostesis
approach to the analyses of a structural theory in our
case the 5S principles.

The study was conducted in same organization
by distributing questionnaire to workers from the same
shift, a total of 100 random samples are collected from
two shift of the same assembly department.

SME is a collection of statistical technique that
allows a set of relationship between one or more
independent and dependent variables to be examined.

As a final feed back of 5S method would be the
solution to fix the possible problems.

Taking in consideration the organization with
input and output variables we establish the factors of
perturbence like in Fig.10.

P D
INPUT A C
-materials;
-machinery;
-measure;
-men
-microenvironment
OUTPUT
Quality
Cost
Delivery
STABILITY

Fig.10. Production Management as a system

The hypotesis are:
e HO- it is a strong connection between 5S variables;
e HI- there is no connection between 5S variables.
To create a model we group the items from I1-
125, (Table 2) from the 5S survey and establish the
following clusters for a four type of variables.
The keys to improve the quality management are
established for four groups in function of each variable
S taken in consideration for our future model for culture
5S (Table 3).
The majority of quality management problems
items are in
e C(Cluster 4=50= quality environment, about the
connection and communication staff-manager,

e C(Cluster 2 =34= safety environment —the relation for
communication and information’s regarding the
danger, signals visual and noise signals.
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Table 2. Cluster Membership for 5S Audit

Case

4 Clusters

[The area is freed from unnecessary items

(The only tools required are

Only materials needed are in the work area

The area is safe from accidental events fall
hazards

IFrequently used items are easily accessible work
area

iAll the elements are in excess deposit properly
and outside work areas

(There is visual inspection and highlighted gupate
workflow and process technology equipment

IAll cleaning equipment properly stored and
leasily accessible

IAll personal protective equipment are in the area

[The lanes are clear and well marked straight

IAll the work is like new

INo dust or dirt

[There painted items worn or damaged

5S activities for checklists are available and are
respected

IAll areas of improvement since the previous audit]
are completed

IAll graphs and values the work area are available

The locations for tools and equipment are clearly
imarked and labeled

Garbage and recycling is carried in baskets of
daily frequently

IPrevious audit results are placed in visible area

IRecognition is given to teams that are involved
and excel in 5S activities

5S last evaluation was performed 1 month ago

IA senior member of management participated in
a adudit the last three audits

Time and resource data for 5S activities in the
work area

IAn average score of at least 4 audit in the
last three months

IAn average score of at least 4 audit in the

last 6 months

Table 3. Keys to improve the
management quality

1 1,000

Cluster 2 34,000
3 16,000

4 50,000

Valid 101,000

Missing ,000
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Fig.11. The 58 culture model [4]

Because the model is under the estimation results with
the survey results we can elaborate the 5S culture
clusters for our organization Table 4.

Table 4. 58 culture clusters

Gratiela Dana Boca,

CONCLUSION

Measures to improve

e Subsequently applying 5S technique,
implemented following

e visual aids for arranging the tables and tools for
efficient organization of boxes with supplies for
devices and tools

e Appointment of officers per shift to meet 5S

e Updating daily checklists with certain specific
requirements 5S, reflecting certain daily and
weekly checks

e Appointment of persons
resupply cabinets products

e tools and supplies for those substances used in
cleaning and paint application

e Assembling department of visual aids

were

responsible  for
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Abstract: This paper has the object to provide more information to CEO about how theory’s of motivation are
implemented in “Kucova” Plant. At the beginning I made sure to describe what motivation is. Considering that the
usage of motivation theories in “Kucova” Plant and its structures are low and employees barely know its function.
There was made a study between employees of different levels at this plant. The purpose of this survey was to find how
informed are employees about motivation theories and which of motivation tools do they prefer. After that I explained
all the survey's questions along with the statistics, further more to show that this survey was successful or not. The
finalization of this concludes in the fact that there is very little information on motivation theories and is barely
practiced at “Kucova” Plant. Some recommendations are made according to this conclusion.

Keywords: Motivation, Organization, Survey, Theories, Financial, Needs, Structure

1 INTRODUCTION

There are numerous theories of motivation and a
lot of research and literature.

The question is: "What leads a person to behave
in a certain way in his work place?"

An employee is in most cases motivated when
he/she acts and works as he/she wishes, therefore he/she
finds pleasure in their work. Motivation is lower when
choosing to carry out work only for generating such
income. The individual should also like what they do in
order to have a result of his work.

Motivation of an individual is zero, unless it is
organized independently of daily and its director
constantly pressures upon the individual, thus the work
becomes monotonous and the employee does not find
any reason to continue and to improve the effectiveness
of his work.

1.1. What is motivation?

There are many theories on motivation.
Researchers have tried to discover the reasons why some
people want to work and some do not, why some people
are better than others and what motivates them to
achieve results. Motivation depends on the individual,
the situation or the people with whom we are working.
Theories of motivation can only be used as a tool but
managers of the company need to know when and how
to use the right tool (theory).

According to Huczynski and Buchaman (2007,
p.241) motivation can be regarded as a broad concept
which includes preferences for particular outcomes,
strength of effort (half-hearted or enthusiastic), and
persistence (in the face of barriers).

These are the factors which a manager has to
appreciate in order to motivate employees to behave in
organizationally desirable ways. Motivation is the cause
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of an individual's behavior or why an individual shows
different types of behavior.

1.2. Theories of Motivation

Griffin and Moorehead (2015, p.11) in
Organizational Behaviour, establish the base for theories
of motivation. For decades, management experts
advocated meaningful rewards for employees.

Most managers initially focused on pay as the
basic reward offered to employees, but now many people
understand that employees actually seek and respond to a
variety of rewards from their work.

The perceptions and impact of rewards can vary.
Every manager tries to choose certain motivation
techniques that can be used to improve the performance
of employees.

In order to capitalize on the potential for
motivated behaviour, managers can use a number of
strategies directed at enhanced performance to transform
that potential into actual enhanced performance.

If a person feels the need of something, they will
behave in a manner which enables it to meet this need,
so they won’t feel its absence.
Human need creates tension
individual.

This need can be met only by a certain behaviour
that would liberate workers from the tension created.
However, if the need is not met for various reasons, the
person may feel frustrated. Irritation can be defined as an
accumulation of tension due to not meeting the needs.

At this stage the person will try to modify behaviour in
eliminating the factors responsible for non-fulfilment of
needs.

There will be a considerable number of factors, some of
whom are outside its control.

in the mind of the
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1.3. Literature review
Motivation theories can be classified broadly into two
different perspectives:

1) Content and Process theories.

Content Theories deal with “what” motivates
people and it is concerned with individual needs and
goals. Maslow, Alderfer, Herzberg and McCelland
studied motivation from a “content” perspective. Process
Theories deal with the “process” of motivation and is
concerned with “how” motivation occurs. Vroom,
Porter & Lawler, Adams and Locke studied motivation
from a “process” perspective.

Theories of motivation that focus on the goals to
which we aspire are known as content theories, as they
reveal the contents of the motives compartment in our
mental luggage. Maslow’s content theory of motivation
aims to resolve the confusion between drive and
motives, arguing that we have nine innate needs or
motives”.

2) Content Theories about Motivation-Theory Z
Abraham Maslow’s Hierarchy of Needs
According to this theory, individual strives to seek a
higher need when lower needs are fulfilled.

Once a lower-level need is satisfied, it no longer serves
as a source of motivation. Needs are motivators only
when they are unsatisfied.

e In the first level, physiological needs exist
which include the most basic needs for humans
to survive, such as air, water and food.

In the second level, safety needs exist which
include personal security, health; well-being
and safety against accidents remain.

In the third level, belonging needs exit. This is
where people need to feel a sense of belonging
and acceptance. It is about relationships,
families and friendship. Organizations fulfil this
need for people (Huczynski and Buchaman,
2007), (Lauby, 2005).

In the fourth level, self-esteem needs remain.
This is where people looks to be respected and
to have self-respect. Achievement needs,
respect of others are in this level.

In the top-level, self-actualization needs exist.

This level of need pertains to realizing the person’s full
potential.

Theory X and Theory Y; Douglas McGregor
proposed two theories related to employee motivation
and management. Theory X employees avoid work and
dislike responsibility. In order to motivate them,
employers need to enforce rules and implement
punishments. Theory Y employees enjoy putting forth
effort at work when they have control in the workplace.
Employers must develop opportunities for employees to
take on responsibility and show creativity as a way of
motivating Theory Y employees.

Alderfer’s ERG Theory: In 1969, Clayton P.
Alderfer, simplified Maslow’s theory by categorizing
hierarchy of needs into three categories: Physiological
and Safety needs are merged in Existence Needs,
Belonging needs is named as Relatedness Needs, Self-
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esteem and Self-actualization needs are merged in
Growth Needs Herzberg’s Two Factor Theory

Frederick Herzberg Theory introduced his Two
Factor Theory in 1959. He suggested that there are two
kinds of factors affect motivation, and they do it in
different ways: Hygiene factors-which determine
dissatisfaction. Hygiene factors are supervision, pay and
job security, working conditions, company policies and
interpersonal relationships.

Motivators: They are intrinsic factors such as
achievement, recognition, responsibility, the work itself,
advancement and personal growth.

Herzberg theory conforms to satisfaction theories
which assert that “a satisfied employee tends to work in
the same organization but this satisfaction does not
always result in better performance”. In other words,
satisfaction does not correlate with productivity.

Process Theories about Motivation-Expectancy

Theory argues that humans act according to their
conscious expectations that a particular behaviour will
lead to specific desirable goals.
According to Vroom this theory asserts that the
motivation to behave in a particular way is determined
by an individual’s expectation that behaviour will lead to
a particular outcome, multiplied by the preference or
valence that person has for that outcome (Kinicki and
Kreitner,p.10,2013),(Griffin and Moorehead, p.97,2015),
(Griffin and Moorehead, p.104, 2015)

Goal Theory: 'Edwin Locke proposed Goal
Theory in 1968, which proposes that motivation and
performance will be high if individuals are set specific
goals which are challenging, but accepted, and where
feedback is given on performance.

The two most important finding are: setting
specific goals because they generate higher levels of
performance than setting general goals. The goals that
are hard to achieve are linearly and positively connected
to performance. The harder the goal, the more a person
will work to reach it.

Adams’ Equity Theory: Developed by John
Stacey Adams.

This theory suggests that if the individual
perceives that the rewards received are equitable, that is,
fair or just in comparison with those received by others
in similar positions in or outside the organization, then
the individual feels satisfied.

Adams asserted that employees seek to maintain
equity between the inputs that they bring to a job and the
outcomes that they receive from it against the perceived
inputs and outcomes of others.

Need for achievement: is the desire to
accomplish a task or goal more effectively than was
done in the past.

Needs for affiliation: is the need for human
companionship.

Needs for power: is the desire to control the
resources in ones environment.

Although these categories of needs are not
exclusive, generally individuals develop a dominant bias
or emphasis towards one of the three needs.
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What are motivational tools prefered by different employees?
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Senior Specialist
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Manager 12%  Senior Officer 12%
Chief Officer

Specialist
23%

Fig.1. Motivational tools preferred by employees

2. Case study

How are motivation theories practiced and what
types of motivation do employees generally prefer?

Businesses with unmotivated employees often
face low productivity and high turnover rates.

In this part will be introduced analytically the
statistical data retrieved from the survey.

The purpose was very clear and comprehensive
from all the employees’ perspective.

All levels of employees were subject of this
survey. It consists of various questions regarding on how
informed they are about motivation theories and how
much are these theories applied in.

On the other hand subject of my study was to
reveal the best way of motivation through various levels
of employees.

There were conducted 60 surveys through various
departments and different level employees also with
different experiences.

3. Results

During the survey we questioned: Chief Officers
whose participation was the lowest (5%) followed by
Senior Officers and Managers participation which was
(10%) while the Specialist participation was the highest
(23%) followed by Senior Specialist with (15%)
participation.

Among these employees (37%) of them has an
experience between 5 to 10 years in this organizations,
followed by them with an experience between 2 to 5
years (33%).

Among other questions, we noticed that
employees obviously were not clear due to the fact that
organization had any motivation theories written in any
Memo or if they even existed.

And if yes then were they applied in organization (52%)
of them replied Yes, indicating there existed motivation
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theories and (48%) of them replied No, for no existence
of any motivation theories while (57%) of employees
replied were negative about the fact that this theories do
not apply in organization, and (43%) of them were
positive about this study.

In order to study the effects and establish a based
view, it is generally accepted that knowledge and
innovation play a basic role in organizational
development.

During our study we grouped employees into
grades and tried to investigate which group of employees
would prefer, which mean of motivation to be applied in
organization.

It seems that most of employees in lower grades
as specialists etc. prefer the salary increase as it appears
in the graph below, while the managerial level of
employees mostly would prefer rewards and financial of
different trainings that would increase their work
performance.

There is a big gap between these two levels of
employees and their motivation perception (Boca 2016,
p41).

Another critical condition that we noticed during
the study of the survey was that employees do not feel
highly motivated (Fig.1).

As is shown in the graph there is a different
allocation between different grades of employees and
their motivation levels.

A fact to mention is that highly motivated seemed
to be Managers and Chief Officers while not motivated
at all seem to be simple Specialists.

Not every motivation to superiors is satisfactory.

The right motivation for them is the goal of the
organization and orientation.

Managers should encourage their subordinates to
engage in activities to achieve the goal.

When the organization's goals coincide with
individual goals can be assured that we are working with
motivated staff (Fig.2).
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35% Specialist, Senior
Specialist 32%

208 Junior Specialist 27%
25%
20%
15%
10%

5%

0%

Mot at all A few

Head,Senior
Officer,Officer 23%

Chief Officer,
Manager 18%

Aot

Enough

Fig. 2. Analyze the relation superior —subordinate

Senior Officers and Managers participation which
was (10%) while the Specialist participation was the
highest (23%) followed by Senior Specialist with (15%)
participation.

Among these employees (37%) of them has an
experience between 5 to 10 years in this organizations,
followed by them with an experience between 2 to 5
years (33%).

Continuing with our analysis, many employees
seemed to be pessimistic about the question
“Opportunities on professional growing in your
organization” because (58%) of them answered “Lack
opportunities” in our organization while only (15%) said
that there were “Enough Opportunities” and (5%) were
highly optimistic about this indicating that organization
gives a lot of opportunities to grow professionally
(Fig.3).

How manvy opportunities for career advancement
are given by the organization on emplovees?

Notatall
A few
Enough
Alot

Fig.3. Opportunities for carrier

Another question in my survey that we would like
to analyses was “How important are the motivation
politics for employees in my organization”.

Entrepreneurs usually have high degree of
achievement needs. In this part will be introduced
analytically the statistical data retrieved from the survey.

The purpose was very clear and comprehensive
from all the employees’ perspective. All levels of
employees were subject of this survey.
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It consists of various questions regarding on how
informed they are about motivation theories and how
much are these theories applied in.

Consequently form the question above if
organization would invest more in motivation politics
and apply them fully in organizations inner environment
then employees would be happier and motivated to give
quality to their work performance. (98%) of employees
are pro to this statement.

Among the alternatives for (57%) of employees
motivation politics in organizations inside environment
are very important while for (20%) of them was a not
important as shown in the graph below (Fig.4).

How important are motivation policies for vou?

5%

@ Notatall

g Afew
w Enough
5 Alet

Fig. 4. The importance of motivation for employees

Due to the fact that highly motivated people
generate high performance at work we stated the
question below to my colleagues if this statement applied
to their daily work. As you can see the allocation in the
graph below (60%) of them stated that motivation
encourages in their daily work to give better
performance. Understanding which theory best fits your
employees may help improve our business quality by
increasing employee retention rates and improving
worker productivity.

Among other questions, we noticed that
employees obviously were not clear due to the fact that
and if yes then were they applied in organization. (52%)
of them replied Yes, indicating there existed motivation
theories and (48%) of them replied No, for no existence
of any motivation theories while (57%) of employees
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replied were negative about the fact that this theories do
not apply in organization, and (43%) of them were
positive about this study.

What results give motivation policies in relation
to careers advancement?

27

Notatall
A few
Enough
Alot

Fig.5. Motivation policies in relation to carers

On the other hand subject of our study was to
reveal the best way of motivation through various levels
of employees (McShane and Von Glinow, p.105, 2015),
(-Huczynski and Buchaman, p.248, 2007).Organization
had any motivation theories written in any Memo or if
they even existed. In order to study the effects and
establish a based view, it is generally accepted that
knowledge and innovation play a basic role in
organizational development for 98% (Fig.6).

Do vou think that if the organization would invest
more on emplovees motivation than would benefit
more satisfactory work quality and quantity?

2%

@ Yes

H No

Fig.6. Basic role of knowledge in organization
4. Recommendations and Conclusion

Based on this survey, we conclude that the numbers of

employees that are not satisfied with their work and are

not motivated is high. In order to motivate them
recommend:

e  Would be better to write a procedure that indicates a
specific method of motivation, which should be
applied within organization every specific period for
any level of employees.

e There should be many types of motivation politics to
be applied within internal environment of
organization in order for employees not to get bored
with their everyday work and to motivate them with
highly performance.

e Would be better to have different motivation methods
through different employees, because it should
depend on their performance and preferences.

Motivation application was the core of my study. The
aim was to explain the theories of motivation and show
that there should be given more importance to them in
the inner environment of organizations.After the study
are made the results were a great disappointment. Seems
that my organization does not have any motivation
politics implemented.

Employees consider some means of motivation as
more important than others and they insisted that these
means should be applied in the motivation process. This
thesis also concluded in the fact that most motivated
employees were the managerial level ones and they did
not care about motivation application in “Kucova” plant
as much as the specialist level of employees.

Finally, the lack of information shows a poor
implementation of motivation theories and is very sad
that books are full of great theories about motivation
process. One of my recommendations is that motivation
theories and processes should be more used in “Kucova”
plant. Multiple theories help explain how workers are
motivated and provide suggestions for how to increase
motivation in the workplace.
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Employee Creativity in Romanian Construction Companies. An Empirical
Research

Cristian — Liviu Vele, PhD.""

Abstract: The constant shifts in today’s business environment urge companies to always adapt to changes and also to
adopt a more flexible behavior, constantly searching for innovative solutions to the problems they face. One of the most
important part of this process is represented by the employees and their ability to identify and implement the most
efficient solutions, in the shortest time possible. Thus, their creativity becomes a core competency that not only must be
acquired but also developed and embedded in the companies’ organizational culture. This paper sets out to offer a
more comprehensive image on the level of employee creativity by presenting some findings on a research conducted on

Romanian construction companies.

Keywords: Creativity, Innovation, Organizational Culture, Leadership, Strategy

1 INTRODUCTION

The concept of creativity still remains a very
elusive one. On one hand, creativity seems to be
everywhere, but when trying to pinpoint it or try to
define it we find ourselves in a difficult situation. More
and more it is commonly accepted that employee
creativity is an extremely important organizational asset
as we live in an ever changing world, where structural
changes in society and business environment are
appearing in an ever-faster pace. Thus, new problems
require new, innovative solutions that are based on
creative, out of the box thinking. On the other hand,
creativity is considered to be essential in order to ensure
long — term sustainable development of organizations
(White, 2004; Meinel & Voigt, 2016; Boca et al., 2016).

From a traditional perspective, creativity refers to
spheres in social life, such as arts or literature, while
innovation refers to technological breakthroughs and the
development of new products. This changed
dramatically over the past years and now creativity and
innovation are considered to be twins (Mann & Chan,
2011).

Creativity represents the production of high
quality, original and elegant solutions to problems
(Mumford, 2012). In order to produce creative outcome
to different organizational problems, organizations need
to design specialized processes that enable employees to
become more creative. For this reason, creativity is
considered to be both a process and also an outcome
(Zhou & Shalley, 2008). Also, creativity implies the
development of procedures and practices that are both
novel and also generate positive outcomes in the
organization’s activity (Coelho et al., 2011; Oldham &
Cummings, 1996).

When talking about creativity it is imperative to
distinguish between Big-C creativity and little-c
creativity. While Big-C is concerned with creative work
and creative genius, little-c focuses on finding the most
efficient solutions to different everyday problems by
employees that are not necessary leading experts in their
field. Big-C involves finding solutions to difficult
problems, the peak of Big-C being represented by
original work. In contrast, little-c refers to simple
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program-solving activities with day-to-day work and
simple challenges, like fixing up a mixed order or
ensuring that the raw material arrive in time (Kaufman &
Mann & Chan, 2011; Kaufman & Sterberg, 2010).

2 INDIVIDUAL AND ORGANIZATIONAL
CREATIVITY

How creativity emerges and is supported within
organizations can be explained by focusing on a series of
individual capabilities and characteristics, such as
personality and cognitive style and by factors present at
the working place, such as organizational climate and the
support of management (Mathisen et al, 2012).
Research shows that creative individuals prove to be
independent, nonconformist, unconventional, even
bohemian, and to have wide interest and great openness
to new experiences, being more flexible in thinking and
willing to take greater risks. It is also true that there are
other, contextual, factors that actively influence
creativity, factors like the diversification of experiences
in order to brake the traditional barriers imposed by
society, or experiences related to different challenges
that are meant to strengthen the person’s ability to cope
with stressful situations and to persevere in order to
achieve the desired goals (Mitchell et al., 2003).
Studying creativity at an individual level forces us to
take a closer look at the employee’s creative personality.
While there is still room for discussion whereas creative
personalities lead to creative employee (Zhou, 2003), a
significant number of researches (Davila et al., 2007)
consider that the big five personality factors lead to the
development of creativity in the employee’s work. These
factors are conscientiousness, openness to experience,
extraversion, neuroticism, and agreeableness. Also, high
levels of creativity have been notices to employees that
presented superior levels of self-efficacy. But, the fact
remains that employee creativity cannot be fully used in
absence of an organizational climate that supports
creativity.

Mumford (2012) proposes a model of multi-level
creativity, which shows the correlations between
different defining elements of organizational and
individual creativity. It is important here to remember
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that creativity develops in an environment influenced by
pattern, priorities, materials, trends, etc. Organizational
cultures or large scale collectives channel creativity in
certain directions in order to provide individuals with

raw materials, such as knowledge, skills or strategies that
are used to foster creativity and lead to creative
outcomes.

Fig. 1. A Model of Multi — Level Organnizational Creativity

Individual creativity

Team creativity

--->

Organizational creativity

Mediators of creativity

Raw Materials (Concrete & Cognitive)

Vision / Mission

Organizational Characteristics

Leadership

Values/Goals for Creativity

Ind

o]

Individual & Collective Creative Processes

Creative Efficacy
ividual Characteristics

Extra —Organizational

Culture & Systems

rganizational Culture & Systems

Team Culture & Systems

(Source: Mumford, 2012)

It is extremely important to see creativity in a
holistic context, more specifically to see creativity within
organizations. Organizational creativity refers both to the
degree of creativity that is found within organizations
and also to the extent in which organizations develop
and support formal approaches aimed at creating a
specific context in which employee creativity is
encouraged (Styhre & Sundgren, 2005). In order to best
understand how organizations can foster employee
creativity we need to focus on the shared vision, on how
decisions are taken within the group, on how internal
conflicts are managed, the level of trust and support of
other group members or on the support of innovation.
Consolidating a shared vision and ensuring the
commitment for the strategic goals set by that vision is
paramount in order to increase the team’s efficiency
level. More, without a clear understanding of the desired
goals, teams will have difficulties in developing new
creative, innovative ideas that lead to organizational
development. Participating in the decision making
process can lead to high levels of creativity by
comparing individuals in term of ideas and solutions to
different problems and by offering and receiving
feedback on individual performance. Also, sharing ideas
with others and actively attending to other ideas
increases the chances of producing innovative ideas.
Creative ideas and innovation is believed to be a
consequence of competition between different opinions
and that conflicts can lead to an improve in the quality of
ideas by defending them in front of others and by taking
into consideration the different views of others (Zhou &
Shalley, 2008).
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In order to function efficiently within
organizations individuals need to follow certain rules
and procedures, because organizations are, after all,
organized structures. But, creativity implies a great
amount of freedom in order to broaden up one’s
perspective and to start thinking out of the box. So, in
order to be creative, one needs to be under a small
amount of constrains, but in order function efficiently
organizations need to impose rules and regulations
(Adair, 2007). Even more, the question to how to
implement creativity within organizations arises. We can
consider here two perspectives (Adair, 2007): first of all
the creation of a separate research & development
department within organizations that are, by definition,
characterized by creativity and innovation or by
transforming the entire organization into a creative and
innovative one. In the first case the major problem is
represented by the fundamental incompatibility between
creative and non-creative workers. This incompatibility
leads to difficulties in communication that can lead to a
decrease in organizational efficiency and to a limited
understanding of what the real objectives are.
Transforming the entire organization into a creative one
enables individuals to foster their creativity and manage
it in a whole. But, certain functional departments within
organizations are required to have a less creative and a
more technical approach. Also, with the organization’s
development and growth the financial accountability of
the resources and people involved imposes a more
regulatory view and a less creative one. So, the question
is how do we integrate creativity within organizations?
The answer lies in the creation of a balance between



being creative and being productive. As Adair (2007)
shows in the creative / productive model he proposes,
there is a general trend for research organizations to
become more like business and for industrial
organizations to become more creative and innovative.

Fig. 2. The Creative / Productive Continuum

Creative

Think  Researchand  niversities Industrial  Administrative
tanks  development Comercial Officies
centers Companies

(Source: Adair, 2007)

As stated at the beginning of this article creativity and
innovation are now considered to be synonyms.
Designing an organizational climate that actively support
creativity allows individuals to develop innovative
solution to different problems, but also to develop new
products. Thus, for managers of private companies
having creative, innovative employees proves to be very
profitable, as new products or solution deliver economic
value and competitive advantage (Mann & Chan, 2011).
But, there are questions to be answered here, one of
these being what the leadership role in fostering
creativity is? There are views that point out the fact that
the relationship between leadership and creativity is not
as linear as it might seem (Styhre & Sundgree, 2005).
But despite this relative ambiguity between leadership
practices and creative organizational behavior, it is still
possible to identify recurrent patterns showing how the
design of organizational structure, employee reward
systems, team work or the principles on which managers
support the creation of new products. The fact that
certain companies have managed repeatedly to achieve
breakthroughs might be explained with the help off the
patterns above. Whatever the patterns that lead to
creativity are, the fact remains that supporting creativity
requires a new perspective and the use of organizational
stabilizer and de-stabilizers, as Styhre and Sundgree
point out (2005). Stabilizers are considered to be
elements within the organization that do not change over
time, they become rigid and insensitive to change, but
they help filter away conflict, ambiguities and
uncertainty. De-stabilizers are organizational elements
that by nature are difficult to predict and change
frequently. In order to foster creativity, organizations
need to design organizational systems that are stable, so
that employees have a sense of predictability. Such
systems relate to planning, management control, external
motivation or the use of projects. But, using de-
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stabilizers really encourages individuals to become
creative. For instance informal networks or information
sharing enable individuals to use their intuition and to
think out of the box. Having alternative arenas where
people can share, discuss and defend their ideas offers
both the chance for improvement and also stimulates
employees to become better, thus offering valuable
intrinsic motivation. The key for obtaining an
organizational climate favorable for creativity is to
create a balance between stabilizers and de-stabilizers by
using efficient communication and sharing of strategic
vision and goals. By doing this, managers will open up
to new thinking and change, while the need to control
everything will not be so strong and the use of dialogue
will become an extremely important tool in leading
others.

3 EMPIRICAL RESEARCH

The main goal of this article is to offer an
insight on creativity within Romanian construction
companies. For this, a comprehensive research was
conducted on companies located in the North-Western
part of the country, research that has provided more than
200 valid questionnaires, on which the following results
are based. The questionnaires were focused on the level
of creativity present in the employees’ day to day work.

When asked how creative their work is, half of
the respondents declared, as it can be seen in fig. 3, that
their sphere of activity within the organization is often
based on creativity, while 17% of respondents declaring
that their activity is always based on creativity. Only 3%
of the respondents declared that their work is never
creative.

Fig. 3. The use or creativity in the day-to-day activities

(Source: self-representation)

When asked how supportive their organizations
are in fostering creativity, as it can be seen in Fig. 4,
47% of the respondents answered that the organizational
climate is often favorable to creativity and that they feel
encouraged to be creative in their work, while 19%
responded that their organizations fully support
employee creativity. Only 3% said that the organizations
in which they work do not support creativity. This allows
us to conclude that the vast majority of the inquired
companies actively support and encourage employee
creativity.



Fig. 4. The degree in which organizational climate
supports creativity

(Source: self-representation)

Nearly half of the respondents, more
specifically 49%, declared that they often need to use
creativity in their day-to-day activity, while 16% said
that they always need to be creative in their work. Only
5% of the employees involved in the study declared that
creativity in never required in their work.

Fig. 5. How often creativity is required in their work

(Source: self-representation)

When asked about their opinion regarding how
creative they are at work, more than half of the
employees involved in the study, as it can be seen in Fig.
6, feel that their work is often creative and 15% of them
consider their work to be always creative. Only 2%
responded that their work is never creative and 29%
consider that their work is often creative. With this
result, we can state that nearly 2 thirds of the employees
that work in construction companies see their work as
creative.

Another important part of the study was to see if
there is a relevant statistical correlation between certain
leadership particularities and the development of a
creative based organizational climate, and relatively
strong correlation was noticed between creativity and
managers that encourage new ways to perform day to
day activities and to identify solutions to existing
problems (the value of the Pearson correlation
coefficient is 0,403 with a value of the significance
coeffcient of correlation being 0).
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Fig. 6.The degree in which employees consider to be
creative in their work

(Source: self-representation)

A not so strong correlation was identified
between creativity and managers who persuade
employees to analyze the problems they face from
multiple point of views (the value of the Pearson
correlation coefficient is 0,244 with a value of the
significance coeffcient of correlation being 0). The
findings have shown that there is a possible link between
employees that encourage new ways of performing the
employees, but that link needs to be further tested as we
could see that looking at a problem or situation from
different perspectives does not necessary encourage
employee creativity.

CONCLUSION

As we could see, the results of the research on
the degree of creativity within Romanian construction
companies, have revealed that, in general, the majority
of the respondents consider their organizations as being
supportive in creating and organizational climate aimed
at fostering creativity. The reason behind this could be
the fact that a large percentage of the individuals
involved in the study declared that creativity is required
in their day-to-day activities and that their work is
characterized, in general, by a high level of creativity.
Even, more the majority of the questioned organizations
require a high level of creativity from their employees
and, as a consequence, individuals consider their work as
being very creative.

The findings are extremely interesting as the
Romanian business environment is not considered to be
a very creative one. But, it is required that more research
is performed to identify the drivers behind creativity
within Romanian companies and to better analyze the
relationships between leadership and creativity, as the
findings we gathered so far only offer a partial image of
the entire picture.

Without a doubt, employee and organizational
creativity will become major aspects in the future global
business environment as competition becomes even
greater and consumer preferences are changing at an
ever greater pace. Thus, creativity needs to move out of
the research and development centers and from



Universities and to spread out to private companies in
order to lead to sustainable competitive advantages and
to the creation of both new, innovative solution to
everyday problems and, also, to new products and
services better adapted to customers’ demands and ever-
changing needs.
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Abstract: This article presents the author’s view of how a new reorientation of management culture should be defined
and analyzed if it is to be used in the field of a new redesign production management. A brief introduction is provided,
starting from the 5 W’s about who, why, what, and where are the two countries Albania and Romania particularly
East countries in different economical stage of development. How the production the engine of economy can be in a
new situation, if it is possible to identify some common barriers in culture manageemnt. The results of case materials
are presented to illustrate how using a culture model to analyze management culture and how to think about
management culture changes. The paper present the concept of regonal organizational culture and managers and
entrepreneurs dilemma because there is presently local concept upon the production, how the people observed their
production activities, how the economical activities are oriented in a specific field and how we can re-design a new
concept of manufacture organization for future, a new MANU-FUTURE organization.

Keywords: Organization culture, Quality, Innovation culture, Management change, SW’s

1 INTRODUCTION
Pianta in 2016 identify a crisis management in

After Pianta (2014) research about the 2008 Central, East and Southeast Europe, his question is :
crisis, the European economies are moving towards a What is to be done?’
serious divergence in terms of industrial cpcities, making What we can re-organize in actual small and
it more difficukt to achieve the Europe 2020 goals of medium business, private activities, or what we can
developin high knowledge economics activities, regenerate in actual manufacturing activities.
expanding industry, reaching environmental Where we can create the new type of MANU Future
sustainability and achieving greater convergence. organization everywhere it is necessary to reactivate the

In Europe as a whole industrial production is still recourses and transfer the global information’s from a
lower than eight years ago. partner to other in function of customers needs and

Italy is facing a structural loss in industries that utilities. This cross-industry dataset provides relevant
have been the engine of past growth, with no other fast and up-to-date information on a range of characteristics
growing economic activity that could play a similar role of innovative activities in Europe, thus making it
in the future — finance is overblown and highly unstable; possible to analyse some major features of sectoral
services suffer the slump in consumption; the public innovation systems. The analysis here focuses on a set of
sector suffers cuts. important aspects that characterize the technological

Nascia (2) and Pianta in 2014, 2015 taking in regimes and trajectories of the various sectoral groups.
consideration the EU reports on research and innovation When the new notion of global economy start
policie, provide a detailed picture of Italy’s conditions and provoke the market the companies and organizations
and by translation we realized this paper to put in identify the new type of customers and the needs for new
evidence the actions in these fields in Eastern countries. type of products in a free market.

A radiography of economical life it is necessary Who can create that kind of manufacture,
especially now when we are in the 21 Century with a big together all the actors involved in economical process
provocation for market and also for the economy. taking in consideration the management change in each

As we know the engine and power of economy it organization.
is production, under the influence of the new Because the answer to the 5W’s was easy to
reorganization of market under the global stamp, it is discover to the How?
necessary to star to answer to the 5 W’s. The question were necessary to make a research

Why we need a new type of manufacture on actual market in different countries which are East
organization as a new manufacture for future, because in countries and with an economy in transition on actual
East countries it is necessary a new redesign of the market.
economy. The 5 How’s for a cross functional management

need methods to increase productivity (Fig.1)
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Fig.1. The 5 H’s for cross functional management

Europe is an aging continent diveded yet a two
culture Eats and Weast with the best technolgy and
rooted in ancient activities in production, public services
on market.

The culture management can be also constructive
especially now in an European Union market where
multinationals companies and free movement on market
is the ideal environment to build the future type of
manufacture for future MANU FUTURE.

In new industrialized countries Pianta and Nascia
(2014) suggest the public and private combination of
efforts to develop knowledge, acquire technologies,
invest in new activities, and expand foreign markets.

Another reason for a new industrial policy it
reducing the polarization between the developed
countries from center West countries and periphery
countries resulting from the crisis (industrial-policy-
and-technology-italy-matteo-lucch.php).

Another barrier on moving towards a new
industrial policy is the new orientation for fundamental
ecological transformation of the economy and society.

An comprehensive model can be important, to
known and effective tool and how each country could
contribute to address all these challenges — a new
Europe-wide  industrial  policy  (www.transform-
twork.journal/issue132013).

For the new European industrial policy we want
to present and targeting associate environmental
activities associated with sustainability appropiate ict
application, public services and new  smart
specializations (Pianta et. all, 2016)

A future vision for Europe 2020 can be a strategy
which is capable to identify the comoun priorities in
West and East culture knowing the barriers form market
and economical life.

Some solution can be like Pianta suggest
smart growth:
an economy based on knowledge and innovation;
sustainable growth:
a resource efficient, greener and more competitive
economyj
growth a high-employment economy with social
and territorial cohesion.

AP

2. METHOD OF RESEARCH

The method used in research were the survey
applied in Albania and Romania in June 2016, in Baia
Mare and Durres cities.
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The number of respondents was 365 persons
involved in different type of economic activities.
The participants answer to the survey structure in
following parts:
e  Part 1. Identify the manager typology (gender,
education, experience) ;
Part 2. Identify the type of business ;
Part3. How many employees are involved in
economical activity;
Part 4. The specific of economical activity.
The hypothesis of the research was:
e  HO- it is a connection between the management
culture and economical activities;
HI- if the differences between the countries can
influence the perception of economical activities.
H2 —it is a connection between the manger profile
and business activity

3. CASE STUDY

Because the reason were to establish a new type
of manufacture, it is important to identify the possible
barriers between management cultures of organizations.
We identify 5 elements which are required (Fig.2)

KNOWLEDGE

| | 1
] [ RULES ] [LEADING

Fig.2. The Srequirement for organization management

WORK

—

7

Pianta, Lucchese and Nascia (2016) in their
research about he impact of industrial policy and
technology consider that the fall of industrial production
may lead — if domestic demand ever picks up - to a
significant increase of final imports, a trend that has
already emerged in the first two quarters of 2015.

This could generate serious trade imbalances in
the near future, which will have to be compensated by
greater capital inflows, further expanding private and
public debt and the risk of financial instability
(Castellacci, 2016).

A SWOT Analyze can give us few elements for
the actual situation for two cities in our case Durres from
Albania, and Baia Mare from Romania two famous cities
under the UNESCO Heritage.

Strong point

e both cities are under a big historical story but
none of them find a direction to rebuilt the
social and economical life.
natural resources;
human resources;
factories and production history closed now
because of different variables.
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Weak points:

e the unemployment it is a provocation to
establish how it is possible to create a
sustainable economical platform for future;
the emigration phenomenon;
the production it is destroyed and need
potential investment using Kairyo method;
Kaizen method is not used to the small
manufacture from the market.

That is why the orientation of the research was to
the East countries market and how to encourage the
production and management production to be capable to
create a more ’smart environment’’ for local, national
and regional producers.

4. RESULTS
The possible hypothesis help us to draw a possible
model, a comprehensive model of management culture
and to identify the barriers as variables of influence or

not. (see Table 1).

Table 1. Education Level * Country

Country Total
Ro Al
rimar
P Y 1 2 3
school
high school 65 36 101
Education
vocational
Level 10 26 36
school
undergraduate 33 39 72
graduate 141 12 153
Total 250 115 365

For both eastern culture we identify a manager
involved in business after he or she graduates high
school and makes a specialization or qualify courses in
field following profile for manager from a total of 365
respondents 225 persons are educated that means that
we can consider education as a factor which can
influence the participation on economical activities

Because we are creating a model to identify the
barriers for management culture another part of the
survey were focused to identify the type of activity from
economy and how it is divided particularly in function
of gender and culture.

If we take in consideration the gender the results
present the influence of traditional culture in each
country with impact upon people participation in
economical activities.

In Romania 150 women in comparison with 100
male, are involved in small and medium business or
production manufacture activities because they have
different opportunities to open the business and make
extra money to support the family budget (Table 2).

Table 2. A Cross Gender * Country presentation

Country Total
Romania | Albania
male 100 72 172
Gender
female 150 43 193
Total 250 115 365

In comparison with Romania in Albania 62%
from respondents are male involved in economical
activities, so traditional culture can influence the
orientation for production or heavy fields from economy,
they are still the protectors of family.

Under the classification of Pianta (2014) and
Pavitt (1984), from Table 3. it is easy to establish the
market and economical pulse, where the entire activity it
is under the influence of commerce and services.

The manufacture and production activity is very
low in each country. 13 % percent from Albanians and
24 9% percent from Romanians are involved in
manufacture activities and production with big impact in
economy.

In conclusion the opportunity to develop a new
kind of manufacture organization for future taking in
consideration the technological influence and create
some regional and national clusters for the flexibility of
information, methods and tools is necessary.

In the field of services 111 respondents are
involved in retailer activities in comparison with the
Albanians involved in services activities (barber,
cosmetics, tailoring, mini shops, coffee bar ).

The survey presents a big potential of tourism
which is waste in both cities and in the same time which
is not put in evidence.

For example the manufacture and production can
be stimulated by producing pieces for revision of
different vehicle, carpenter activities for tourism
activities, furniture, metallic elements for garden.

Table 3. Type of economical activities * Country
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Country Total
Romania | Albania
manufacture 59 15 74
reteilar 111 24
Type of 135
economic wholesailer 22 22 44
activities services 5 54 106
other 6 0 6
Total 250 115 365
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A deep information were given by the number and
dimension of business which presents another barrier for
manufacture production (Table 4).

Table 4. Number of Employees * Country

Country Total
Romania | Albania

0 0 1 1

1-10 118 65 183
Number of 11-30 82 17 99
Employees 31-50 34 8 42

51-100 12 11 23

101-200 4 13 17
Total 250 115 365

We can establish a radiography of the number of
employees in Romania 47% are small and medium
business, family and individual business oriented just for
family and relatives members. Another barrier factor is
the dinamic movement of hand work on a free global
market for a stabile life.

The number of big organizations which are
involved on economical activity with a big number of
jobs is very small (Table 5).

Table 5. Legal Structure of the business * Country

Country Total
Ro Al
single 117 76 193

partnership 84 22 106

Legal Structure
. limited
of the business 39 3 42
partnership

cooperation 10 14 24
Total 250 | 115 | 365

In Baia Mare only 2% from activities involved a
number of 100-200 persons in comparison with Durres
where 9% percent from the entire activities is oriented
to manufacture.

An equal score we have for the medium and
small activities with a number between 50-100 persons
involved in field of construction, or manufacture
production and industrial activities. The results present
a market without any orientation to involve a big
number of employeeers in production or manufacture
production sector, only familiy and individual business

The reason for the missing production acitivities
on both countries can be a moral and technological
wear sector without any perspective, facilities, distroyed
in time and disaper.

130

4.1. Verification of Hypothesis

A Model to establish the connection between the
variables considered as barriers’ to management culture
for manufacture production organization were created
like in Fig.3.

To take in consideration for the model the culture with

the following variable:

1)  country with the barriers typology of manager or
entrepreneur in function of education, age, fidelity
in same organization;

2) type of business in function of business size,
number of employers involved; type of business,
legal activities and position of respondent people.

The results (Fig.3), sustain our hypothesis that
between countries culture and business there is no
connection because the score obtain for the 365
respondents from both countries is negative.

The low impact of production and manufacture
production in both countries must be identifying taking
in consideration other barriers for example global
economy, the technological innovations, the new
generation of customers with different needs and
expectation.

Also the new reorientation of high schools and
academic universities who can orient the future and
actual generation in new fields like:

e nanotechnology;

e green management production;

e recycling of products which can generate also
new jobs on market.

Another opportunity can be the education and
reorientation of new generation to be involved more in
practical activities for example the old school of art in
Romania or the dual schools system in Albania which
create the golden triangle on market school together with
universities and economical organizations gives great
opportunities for people.

4.2. Barrier model for production management

In Fig.4. we present the variables selected for our
research culture, decision and organization in
comparison with the other model from Fig.3 where we
select only country and business.

For the new model the program solution present a

negative connection between the culture and
organization, organization business and decision
business.

Analyzing the results for both countries we obtain
a culture management model with:
* A weak relation between
CULTURE -ORGANZIATION =--0,03
ORGANIZATION -DECISION =--0,01
e A strong relation between
CULTURE - DECISION the natural and
national culture can infleunce the decsion to a specific
type of business.
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A solution which is true, a hypothesis capable to present
the barriers influence by the strongest relation between:
1. business and number of employers:
2. business and legal status
the weak relations are between manager/ leader and his
business;
3. type of business ( production, commerce);
4. manager position.
How we can improve the actual organization
model with the new MANU-FUTURE model ?
By encouraging the re-evolution of manufacture
production as an re —evolution.
In practical and economical life it is necesary to
adapt and to be more flexible with the new elements
from market, here we can include

. a continuing suport which can be done by
universities;
. improvment and adaptation of curriculas to R&D

and innovation.

Key findings include a posibble barrier the fuzzy
situation from higher education and public research
sector, in balance with the performances of output
varaibles from economical systems and productivity of
the country’s like Albania and Romania.

Current change is dominated by the diffusion
throughout the economy of the paradigm based on ICTs
a barrier whihc can stimulate the life long learning to a
reorientation to that field

This is needed in order to coordinate industrial
policy with macroeconomic and competition policie and
action at the European level for influencing economic
activities.

Major changes are required in current EU market
regulations from “distorting” the operation of markets
Fig.5..

Another changes of management needs a new
orientation to:

® New questions;

e Take notes;

® Write instructions.

e Commitment to process improvement;

® Educates and training staff;

¢ Plan and look to specific process propose.

P D
MARKETING C MANAGEMENT
U
COLABORATION || L | CONTROL
T
A U | C
CULTIVATION lé COMPETENCE
LEADERSHIP EMPLOYEE

Fig.5. PDCA vs Culture Management
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Comparison of Phenomenological Level Density Models in(y,n) Reactions of

Uranium Isotopes

IsmailHakkiSARPUN"", Abdullah AYDIN?,Eyyup TEL’ AhmetBOZKURT’

Abstract:Level density is very important parameter for estimating nuclear reactions at excitation energies where

discrete level information is not available or incomplete. The total reaction cross sections of uranium isotopes were

calculated using TALYS 1.8 code for photon-induced reactions through the three phenomenological level density

models in the incident photon energy range up to 30 MeV. All calculations from the present study were compared with

the available experimental data obtained from EXFOR library.

Keywords: Cross-section, Uranium,Uranium isotopes, TALYS,(y,n) Reactions,EXFOR

1-INTRODUCTION

The importance of level density in nuclear
reaction calculation have been examined by several
researchers [1,2]. In this paper,three
phenomenological level density models used in
TALYS,namely the Constant Temperature Model
(CTM), Back-shifted Fermi-gas Model (BFM),
Generalized Superfluid Model (GSM) were handled in
the theoretical calculations of photo-neutron production
in uranium isotopes.The detailed descriptions of these
models are available in the literature [3-7].Theoretical
total cross sections of some uranium isotopes
(233’234‘235‘236’238U) were calculated using TALYS 1.8
nuclear reaction code [8] for photon-induced
reactions through the three phenomenological level
density models available in code. All the calculations
were compared with each other and with the
experimental data obtained from EXFOR [9] library.

2-CALCULATION METHODS

In this study,uranium isotopes are chosen
due to their various nuclear applications. Theyare
used in nuclear reactors and as fissionmaterials. In
the calculations, the TALYS 1.8nuclear reaction
code was used. Nuclear structure and model
parameters are implemented through an internal
reference library. Some basic parameters must be
defined in the input file to calculate the cross sections.
However, the input file should include some other input
and output keywords to show effects of nuclear level
density models in the output file [8].

3-RESULTS AND DISCUSSION

The total (y,m)reaction cross sections of
2BV targets were calculated for five level
density models using TALYS 1.8 code in 5-30 MeV
incident photon energy range. The calculated results
and available experimental data in EXFOR library are
presented inFigs. 1-5.
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®  De Moraes et al,, 1993
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Fig. 1. Total cross section of (y,n) reactions for *°U
nucleus according to different level density models
[10-11].

According to the neutron contents, the target
elements used in this study as expected for
aspherical nucleus showclearly the Giant Dipole
Resonance (GDR) does notsplit into two or more
components (Figs. 1-5). The total reaction cross-
section calculations of 233U(y,n) reaction have been
compared with theexperimental values of de Moraes et
al. [10] and Berman et al. [11] in Fig. 1.All the
theoretical ~level density model cross-section
calculations are in shape agreement with the
experimentalresults. The CTM results are in better
agreementthan the other TALYS code calculations.
The calculated results of BFM and GSM are higher
than the experimental values. 234U(y,n) reaction cross-
section calculations have been compared with the
available experimental values in Fig. 2. All the level
density model calculations are inharmony with the
measurements along the incidentphoton energy. The
CTM calculations are in thebest agreement with the
experimental data in thephoton energy range of 13-15
MeV.All the calculated results arehigher than the
experimental values of Berman et al.[11]
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Fig. 3. Same as in Fig. 1, but for U 12).

The comparison of theoretical and
experimental data of ***U(y,n) reaction has been given
in Fig. 3. All the model calculations are in shape-
agreement with the experimental results. The CTM
results arethe nearest to the experimental data. The
comparison of theoretical and available experimental
data of 236U(ﬂ{,n) reaction has been given in Fig. 3. All
the model calculations are in shape-agreement with the
experimental results. All the calculated results are
higher than the experimental values of Caldwell et
al.[12]. The CTM results show better agreement than
others
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Fig. 4. Same as in Fig. 1, but for 2°U [12].
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Gonealez et al., 1999

¢ Caldwell etal., 1980
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Fig. 5. Same as in Fig. 1, but for **U [12-18].
The level densitymodel calculations of
238

U(y,n) reactionand comparison with the available
experimental results havebeen given in Fig. 5. TALYS
1.6 BSFM calculations are in harmonywith the
experimental data up to 15 MeV for thisreaction. The

theoretical ~level density model cross-section
calculations are well-matched with the
experimentalresults.
4-CONCLUSION

The (y,n) reaction cross sections as a

functionof photon energy have been calculated using
differentphenomenological level density models of

TALYS 1.8nuclear reaction codes for uranium
isotopes.The level density model cross-section
calculationsshow a similar structure with the

experimentaldata for all reactions. The good agreement
between the calculatedvalues and experimental data
shows that TALYS 1.8CTM level density model is able
to produce reasonably(y,n) reaction cross sections in
this caseeven without any adjustment of the
parameters. Thismodel option for the level density
model cross-sectioncalculations can be chosen, if the
experimental dataare not available or are improbable to
be produceddue to the experimental difficulty.
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Cross Section Calculations for”’K using Skyrme Parameters

Eyyup TEL",Abdullah AYDIN’, Ismail Hakki SARPUN’ Hasancan ALKANLI’

Abstract:Potassium is used as a K+ ion in herbing organisms, medicine and agriculture etc. Potassium is very
important for health problems in living organism. In this work, the cross sections were calculated with Skyrme force
parameters for ¥K(n,a)’°Cl reaction. We calculated (n,a) reaction cross section using Tel et al. formula with Skyrme
force. We compared our obtained data of YK with literature data from EXFOR around 14-15 MeV. Calculated results
havebeen discussed and found very close to experimental results.

Keywords: Potassium, K+, Cross sections, Tel et al. formula,Skyrme force parameters

1- INTRODUCTION

Potassium was discovered by Humphry Davy
in 1807 [1]. Potassium is a 1A group element of the
periodic table, is in the alkali metal group and it is in
the 4™ period. Inaddition, it has19 protons and 18 to 28
neutrons with a mass number ranging from 37 to
47 Potassium is used as a K'on in
herbingorganisms[2]. Furthermore, it is available in
some fruits and vegetables, such as bananasand
tomatoes [3,4]. There are many diversifiedarea of
potassium's using at present time. For example, it can
be usedmedicineand agriculture etc. [4-6].Therefore, it
can provoke important health problems in living
organism.At the present time, investigation and
learning of nuclear reactions involved potassium is
important.In this study, we investigated theoretical
cross sections datawith Tel et al. formula for the
39K(n,a)36Clnuclear reactions at incident neutron
energy of 14-15 MeV.The cross sections were
calculated using of SKa and SKb Skyrme force
parameters.The calculations have been made in the
literature by using Skyrme force parameters for

different parameters.

1.1- SKYRME FORCE AND CROSS SECTIONS
FORMULAS

The Hartree-Fock method (HFM) with an
effective interaction with Skyrme forces is widely used
for studying the properties of nuclei [8-14].The
HFMwas used neutron and proton densityand other
calculations such as RMS, binding energy, etc. Li et al.
[8] as an extended Skyrme force:

Vsiymme = fo(1+ xOPc)ﬁ(r)+%tl(l +x,P,) (80K + k%8(r))

i, (L + x, Pk x 8(r)k + ;—r}(l + x3Pg)p*(R)HS(r)
+itgk x 8(r)(o; + o x k, (1)

Ves = Z V,/(z) + Z Vr/‘k‘”
i<j i< j<k

2,0O=D WY v,
Peq

2
3

(q:neutron,proton or charge)
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Where  to-t;-t-ts-ty-a(r =(1(r;-1y))/2) is  the
Skyrme force parameters [15]. Vgsgymels Skyrme
potential, ﬁm = 1_52 - ﬁl is the momentum, O delta
functions, and & is pauli spin matrices Skyrme force
parameters have been used to analyzed. Equation (3)
has been shown the single-particle wave functiongthe
occupation probability of the state f.There are many
sets of Skyrme parameter in the literature such as SKa
and SKb. SKa and SKb Skyrme force sets are defined
by Chabanat et al. [16-17] (Table 1).Tel et al [7] were
developed a new empirical formula for neutron induced
reactions. These formulas have been given as follows;

On,0) =161(A" +1Ye ™ for 0<A<

2-RESULTS AND DISCUSSION

In this work, firstly we obtained the neutron-
proton densities of*’K,, target nuclei using the SKa and
SKb Skyrme Force parameters (Table 2) in Figs.1 and
2. In this study, the asymmetry parameter S=(N-Z/A)
changed as S=[(pn-pz)/(pn+pz)] in the equation(4),
namely Tel et al. formula. The cross sections with SKa
and SKbSkyrme force parameterswere calculated for
39K20 target nuclei. We have used Skyrme parameters
for calculation with the program HAFOMN [14].We
calculated (n,0) reactions cross sections with SKa and
SKb Skyrme force parameters for Tel et al formula.
The (n,0) nuclear-reaction experimental data were
compared with the theoretically obtained dataFor
neutron incident energy at 14.1 +0.05 MeV, the
experimental data is about o (;ge=84 = 12.6 mb
[18,20] and theoretically obtain is abouto , g)theo=92.624
mb (at r=6.9 fm and SKa) %K for Tel et al. formula.
For neutron incident energy at 14.6 MeV, the
experimental data is 0 g)exp=20.1£2.2mb [19,20] and
theoretically obtain is about O gmeo=19.69 mb (at
r=6.6 fm and SKb) for Tel et al. formula. As a result,
the proton and neutron density depending on cross
sections formulas, with SKa and SKbSkyrme
parameters,are agreement with experimental research.
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Table 1: SKa and SKb Skyrme Force parameters[16-17].
to t t t; ty Xo X1 X2 X3 o
SKa -1602.78 | 570.88 | -67.70 | 8000 125 | -0.02 0 0 -0.286 | 173
SKb -1602.78 | 570.88 | -67.70 | 8000 125 | -0.02 | -0.165 0 -0.286 | 173
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Abstract: The paper approaches issues connected with the preparation and development of the Romanian’ cross-
border area projects. The similarity and differences in partners’ countries (Hungary, Slovakia, Romania, Ukraine) are
analysed in the context of projects’ implementation by Technical University of Cluj Napoca-North University Center of
Baia Mare. The conclusions of these types of analyses have main importance for future Application development and
project implemented in the next 2014-2020 budgetary execution.

Keywords: cross-border, partners’ countries, project management

1 INTRODUCTION

According to the Programme Gide, the Hungary-
Slovakia-Romania-Ukraine ENPI Cross-border
Cooperation Programme main goal is to promote
activities with the help of the European Union, which
would lead to an intensification and deepening of the
social and economic cooperation between the Ukrainian
regions and the regions of the Member States with which
it has common borders, almost 600 km.

Inside Projects, the creation and development of
cross-border cooperation amongst regional public
authorities, regional public agencies and universities - as
research centres -improves the flow of information and
the communication between regions, and at the same
time creates the basis for approaching common issues
while using researchers from both regions [1].

Generally, a successful implementation requires
that the Project to be finish on time, within budget and
with achievement of the expected quality of obtained
results.

Using modern project management techniques
and procedures, we can obtain a better control of
financial, material, human, time resources and an
efficient internal control.

The cross-border Project involving two or more
partners countries requires a complex Beneficiary
coordination of the partners inside common activities
and the own activities.

Each partner country comes in the project with
own project implementation experience, own country
procurement legislation and constraints, own type of
justification documents.

All those differences represent a challenge for
Project management team.

2 AREAS OF EXPERTISE
MANAGEMENT

IN PROJECT

For a successful Project, during international
project implementation the management team must
cover all areas of expertise in the context of different
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fluctuation of currency courses / country, exceptional
political factors, diverse financial climate, multilanguage
and multicultural factors, Fig. 1.

The changes occurring in international project
implementation involve quick measures in activities
developing.

That requires the elaboration of a complex control
system which determines all deviation from established
standards.

The control system must take in to consideration
the political and economic possible changes in the
partners’ countries. The lack of reaction to variations
occurring in the implementation process can create later
special problems to the Project.

Project area o
coverage
management

Costs and
financial
resources
management

Time
management

Human
resources
managemnt

Quality
managemnt

Project
manajement

Risk
managemnt

Procurement
management

Visibility
managemnt

Fig. 1. Areas of expertise in project management

A rigorous communication system is followed,
linking the Project Manager Coordinator to the all
Partner’s Countries Managers and also to the Director of
the Project representing JTS (Join Technical Secretariat)
of the Programme.
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The communication strategy between decision
factors allows quick and highly efficient solution to the
encountered problems.

It is maximal importance that to not exist
language barrier in this management communication.

Also, this two-way communication line, Fig.2, in
the control system increase the responsibility of the
Partners’ managers in obtaining the Project results at the
established quality, in time and with previsioned costs.
To effective influence the partners’ managers behavior,
the Project activities and quality of the results must be
defined clear, accepted and understood [2].

Continuous measurement, evaluation and analyze
of the results performance allow the continuous
correction of the errors.

Reporting and controlling are the base in taking
decision: it is necessary a continuous dataflow to be
analyzed and make decision.

To much information or to less determine a base
inadequate for control and reduce the reporting value.

Project
Director
from Programme’s
JTS

Project
Manager
coordinator
(Beneficiary)

|
Manager Manager Manager Manager
Partner’s Partner’s Partner’s Partner’s
Country 1 Country 2 Country 3 Country 4

Fig. 2. Communication in

international project.

system applied

3 HUMAN RESOURCE

The implementation team selection has a main
contribution to achieve the specific objectives of the
Project. For each Partner’s Country team are selected the
experts covering all activities with necessary expertise in
order to obtain the required performance in Project
activities results.

Also, the selected team members must have the
ability to work together in common activities, eventually
previously proven in other projects and to accept the
authority of the manager.

It is necessary for each team member to have the
real implication and determination in order that the
Project to succeed. The last decision about
implementation team is important to be the manager’s.
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The Partner’s Manager must be certain that his
implementation team is the best to cover all activities in
the benefit of the quality of Project’s results.

The Managers of international Project must
understood the culture of the involved countries.

The management of a cross-border Project
requires application of knowledge about Partner’s
organization, theirs experience in project management,
and in the best situation, directly previous collaboration.

The capability of the international Project
manager to adapt to the cultural diversity, a certain
flexibility, a good capability of situation evaluation and
good decision capability in various situations are
necesary.

The international management is more complex
than the national management and the internal principles
of management can not be transferable in situation of
cultural diversity, organization, economical and
individual differences.

A good international Project manager must think
internationally and have special capabilities, Fig.3.

[ International manager’s capabilities: ]

A good capability of adaptation to
persons from diferent culture;

Eficiency in colaboration with others;

Good decision maker guided on own
impressions and filings;

Rigorous planning of the actions and
good prioritization;;

Positive attitude and strong belief in the
Project’s success

Resistance to prolonged effort;

Sociable flexible and emotional and
physical stability.

I RN R

)
]
]
]
]
J
]

Fig. 3. International manager’s capabilities.

4 CONCLUSION

The international cross-border Project has notable
difference of management toward national Project.

A main importance has the Project human resource
capability of adapting to the several challenges due to cultural,
economic, political, linguistic differences between different
country Partners.

The international manager must have several extra
capabilities to succeed the implementation of the Project.
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