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The Influences of Environmental Factors on Abrasive
Wear of FKM, NBR and CR
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Kocaeli University, Engineering Faculty, Department of Mechanical Engineering
Umuttepe, I1zmit 41380 Kocaeli / TURKEY
(Gelis / Received : 15.02.2015 ; Kabul / Accepted : 02.04.2015)

ABSTRACT

Wear resistance is an important factor which influences the working life of many rubber products such as seals and conveyor
belts. Most rubber products operate in presence of corrosion, ozone, thermal cycling and heat during the service life. In this
experimental study, the influences of environmental factors such as ozone, corrosion, thermal cycling and environmental stress
on abrasive wear behaviors of FKM, NBR and CR rubbers were investigated. Abrasion tests were performed to determine
tribological properties of samples. The roughness of wear surfaces and hardness of samples were measured. The surfaces of
samples before and after exposing ozone were carried out with microscope. The all of the environmental factors caused to
decrease of hardness of samples. The volume loss and wear rate values of all samples exposed to ozone increased. The all
samples exposed to NaCl solution have highly wear resistance. After ozone tests, the cracks and ruptures from surfaces were
occurred in some samples. FKM has the most stress-cracking resistance in the tested materials.

Keywords: Abrasive wear, rubber, ozone, corrosion

Dis Etkenlerin FKM, NBR ve CR Kaucuklarinin
Abraziv Asinmasi Uzerindeki Etkileri

(0V4

Asmma direnci, sizdirmazlik elemanlar1 ve konveyor bantlari gibi bir¢cok kauguk {iiriiniin ¢caligma omriinii etkileyen 6nemli bir
faktordiir. Birgok kauguk iiriin dmiirleri boyunca korozyon, ozon, termal ¢evrim ve 1s1 etkisinde kalarak ¢alisir. Bu deneysel
calismada ozon, korozyon, termal ¢evrim ve ¢evresel gerilme gibi dig etkenlerin, FKM, NBR ve CR kauguklarmin abrasiv
asinma davranislari lizerindeki etkileri aragtirilmistir. Numunelerin tribolojik 6zelliklerini belirlemek igin abrasiv aginma testleri
yapilmstir. Asinma yiizeylerinin piiriizliiliikkleri ve numunelerin sertlikleri 6l¢iilmiistiir. Ozona maruz birakilmadan 6nce ve sonra
numunelerin yilizeyleri mikroskop ile incelenmistir. Dis etkenlerin tamami, numunelerin sertliklerinin azalmasina neden olmustur.
Ozona maruz numunelerin tamaminin hacim kayiplar1 ve aginma oranlar1 artmigtir. Tuzlu su ¢ozeltisine maruz kalan numunelerin
tamamu, oldukga yliksek aginma direncine sahiptir. Ozon testlerinden sonra bazi numunelerin yiizeylerinde catlaklar ve yiizeyden
ayrilmalar olugsmugtur. FKM, testedilen malzemeler i¢inde en ¢ok catlak ilerleme direncine sahip malzemedir.

Anahtar Kelimeler: Abraziv asinma, kaucuk, 0zon, korozyon

1. INTRODUCTION (GIRIiS)

The wear occurs in many industrial applications and
causes high costs due to material failures. The abrasive
wear is a failure problem and it should be taken into
account in design and production of components. When
materials such as rubbers in work (conveyor belts, seals
and tires) are contacting with solid materials, the
abrasion will be occurred. Wear resistance is an
important factor which influences the working life of
many rubber products such as seals and conveyor belts.
The tribology of elastomers is expected to play an
important role in decreasing friction for minimizing
energy loss and decreasing wear for minimizing
material loss [1]. In many applications, the abrasive
wear is the major failure cause of rubbers [2]. Friction
and wear are critical factors in rubber seals [3]. When

the assembly of seal is done under rough conditions, the
wear of rubber is unavoidable. Thus the abrasion
behavior of rubber has attracted attention [4]. The
abrasive wear of a rubber seal material may results from
many causes which are particulate suspended in
lubricating oil, wear debris from inadequate lubrication,
corrosion products, airborne dust and rough surface
finish. The one of important characteristics of rubber to
be used as a seal material is abrasion resistance. The
abrasion of elastomer seals reduces life and sealing
ability of seals. The elastomeric seals are crucial
components which affect reliability and lifetime of all
pneumatic and hydraulic devices which are cylinders,
valves, rotary and semi-rotary motors [5].

Some of rubber deteriorations are attributable to
environmental conditions. The environmental factors

* Sorumlu Yazar (Corresponding Author)
e-posta:feyzullahoglu@yahoo.com
Digital Object Identifier (DOI) : 10.2339/2016.19.1 1-8

reduce durability and service life of rubber components.
Most rubber products operate in presence of corrosion,
ozone, thermal cycling and heat during the service life.
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The rubber contact surfaces may generate heat during a
wear process under harsh environments [6]. The heat
resistance of elastomers has a critical role in sealing
applications. All rubbers are subjected to deterioration
at high temperatures. The high temperature on rubber
surface accelerates ageing of elastomer. The ageing is
the process of detoration of elastomer properties such as
increase of hardness and material cracking [3]. In
petroleum and chemical industry, rubber products must
be resistance to corrosion. The sea water causes
corrosion of rubber seals in marine applications. The
fluid leakages can be occurred in rubber seals because
of chemical corrosion. While rubber components used
in belt conveyors, hydraulic machines etc. are working
at outdoor, it is exposed to ozone. The deterioration
with time relates to nature of bonds in rubber molecules.
In cracking, the molecular bonds are cut. Ozone and
ultraviolet light cause degradation of this type. The
crack formation depends on temperature, ozone
concentration and relative humidity. Because of climate
changes the ozone at high concentration can influence
the life of rubber components. Even thought the
atmosphere contains 0-7pphm o0zone concentrations
normally, ozone can severally attack non-resistant
rubbers [7]. The ozone has an important effect on the
abrasion property of unsaturated rubbers [8].

The different types of rubbers such as Natural Rubber
(NR), Nitrile Butadiene Rubber (NBR), Fluoro Rubber
(FKM), Chloroprene Rubber (CR), Styrene Butadiene
Rubber (SBR), Ethylene Propylene Diene Elastomer
(EPDM), Hydrogenated Nitrile Butadiene Rubber
(HNBR) etc. are used as rubber components materials
in industry. Although a number of studies have been
investigated the mechanical properties of FKM, NBR
and CR rubbers, the influence of environmental factors
on abrasive wear have not been examined too much.
Some researchers have carried out abrasion tests on
cylindrical elastomeric sample using suited tribometers.
Morrel et al. [9] investigated thermal aging properties of
NBR O-rings. They studied compression set tests for
NBR O-rings. Wang et al. [10] investigated NBR/nano-
FesO, composites. Their results showed that the
addition of nano-Fe;O, particles improved friction and
wear performance of NBR. Poh et al. [8] investigated
the effect of ozone on abrasion resistance of epoxized
natural rubber (ENR). They showed that the presence of
ozone reduced the abrasion resistance of ENR. Findik et
al. [11] investigated the mechanical and physical
properties of several industrial rubbers. They considered
different ratios of filler materials. They also investigated
wear resistance of rubber samples exposed to ozone.
Dong et al. [6] investigated the tribological properties of
aged NBR under dry sliding. They showed that the
aging had a significant effect on the tribological
properties of NBR samples.

In literature, there have been a few of investigations of
FKM, NBR and CR rubbers subjected to abrasive wear
in different working conditions. The effects of
temperature and chemical matters on the performance of

rubber parts are available in literature. But, the
influences of environmental factors on abrasive wear
have not been enough investigated until now. The aim
of this study is to investigate the influence of
environmental factors such as ozone, corrosion, thermal
cycling and environmental stress on abrasive wear
behaviors of FKM, NBR and CR rubbers. Abrasion tests
were performed to determine tribological properties of
samples.

2. EXPERIMANTAL STUDY (DENEYSEL
CALISMA)
2.1. Materials and Samples Preparation (Malzemeler
ve Numunelerin Hazirlanmast)

In this experimental study, industrial rubbers such as
FKM, NBR and CR were investigated.

Fluoro Rubber (FKM) has good properties such as heat,
oil, solvent, ozone and corrosion resistance. FKM is
used in crankshaft and valve-stem seals and military and
aerospace seal applications at elevated temperatures
[12]. Nitrile rubber (NBR) has exhibited outstanding
chemical resistance (oil and solvent) and wide range of
operating temperatures [4]. It is used for seals, hoses,
fuel-lines and O-rings in automotive industry [2,9].
NBR is also widely used in automobile, transmissions
and shock absorbers. These applications require high
wear resistance. Chloroprene Rubber (CR) has several
technically properties such as good mechanical
properties, excellent resistance to heat, ozone and
general weather conditions [13]. CR is widely used in
automobile industries [14].

The density of samples were measured according to I1SO
1183 (Method A) with AND-200 Microbalance and
shown in Table 1. In the procedure of density
measuring, the sample was weighed in air then weighed
when immersed in distilled water at 22°C using a sinker
to hold sample completely immersed as required. And
then the density of sample was calculated by
Microbalance.

Table 1. The density of samples

Material Density (g/cm°)
FKM 2,1
NBR 1,2
CR 1,4
Standard rubber 1,1

In sample preparation, the rubber compounds were
worked-out by mixing first with kneader than with twin-
roll mill. After uniform mixing, the rubber samples were
manufactured by compression molding and vulcanized
at 170°C, 15MPa for 10min. FKM, NBR and CR
samples were provided by Kastas Sealing Technologies
Izmir/Turkey for experimental studies. The wear
samples have $16mm diameter and 10mm thickness.
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2.2. Exposing of Samples to Different Conditions
(Numunelerin Farkli Kosullara Maruz Birakilmasi)

The elastomers are sometimes exposed to atmospheric
environments during the service life. These
environmental effects may be at different temperatures.

a)Ozone

Ozone cracks in rubbers develop on surfaces subjected
to tensile strain. The rubber conveyor belts and some
seals are subjected to tensile strain every time. The
ozone is present in the atmosphere at normally 0-7pphm
concentrations [11]. In this experimental study,
Argentox/Type 3MR model Ozone Test Cabinet was
used. The samples were exposed to 50pphm of ozone at
40°C for 48 h. Ozone aging studies were performed to
1ISO 1431-1 standard [15].

b) Corrosion

Rubber components may be in contact with corrosive
materials in chemical plants and marine applications. In
this experimental study, tested samples were exposed to
5%NacCl solution (salt water) at 35°C for 400h.

¢) Thermal cycling

Thermal cycling is sometimes a serious problem for
elastomers. Rubber conveyor belts and seals may be
worked at different temperatures. This thermal cycling
repeats along the service life. Thermal cycling can be
important for some rubber parts in indoor and outdoor
conditions. The heat is the one of the aging factors
causing degradation. In this experimental study, tested
samples were subjected to 120 thermal cycles. The
thermal cycling was performed in two separate tanks
which contained boiling water and ice-water. The
temperature was 100°C at boiling water tank and 0°C at
ice water tank. After waiting for 1min in boiling water,
samples were waited 1min in ice- water. This operation
was a thermal cycle. Samples were dried in an oven at
25°C after thermal cycle.

2.3. Hardness Test (Sertlik Testi)

The hardness tests of samples were performed
according to ISO 868 standard with A type Shore
durometer (Zwick/Roell model). Hardness tests were
performed at 22°C, 12.5N load. The averages of five
readings were regarded.

2.4. Abrasion Test (Absaziv Asinma Testi)

Fig. 1. Wear tester

The abrasion test is a suitable test for measurement of
abrasive wear resistance of vulcanized rubbers.
Abrasion resistance was evaluated with a standard test
according to ASTM D5963 and performed on a DIN
Abrader (Ektron Tek Co Ltd, China). In abrasion tester,
the test sample is rotated while it is moved laterally
across the rotating drum. This working condition
assures uniform contact of test sample to abrasive
object. The wear tester is shown in Fig.1. In abrasion
tester, the sample was pushed against to rotating drum
with a specific force (20N) and the rotating drum was
covered with an alumina sand paper (#60 grid). The
diameter of drum was 150mm and was rotated at 40rpm.
The rotation speed of sample was 0,9rpm and abrasion
speed was 19,2mm/min. The lateral displacement of
sample was 4,2mm per revolution of drum. The sample
was moved 40m on rotating drum. 20+2°C temperature
and 40+5% humidity were used at test conditions.

Wear is mostly quantified by measuring weight loss of
sample [11]. For each test, three samples were used and
average value was recorded in order to comply with the
standard. The tested samples were weighted using a
digital electronic balance before and after abrasion tests
to quantify the abrasion wear. The weight loss of tested
sample under abrasion test was converted into volume
loss using density of sample. In this study, the wear
resistance was defined as volume loss in cubic
millimeters.

The volume loss was calculated as following according
to ASTM D5963:

_AMS,

p-S,
Here “V” is volume loss of sample (mm®), “AM” is
weight loss of sample (mg), “p” is density of sample
(g/cm®), “Sy” is nominal abrasiveness of abrasive sheet

(200mg) and “S,” is weight loss of standard rubber
(475mg).

The results are also expressed as wear rate. The wear
rate values were commonly calculated to use with
comparative studies in literature. The specific wear rate
was calculated as follows [16]:

AM
p.L.F,

Here “W” is specific wear rate of sample (m*/N.m),
“AM” is weight loss of sample (g), “p” is density of
sample (g/m%), “L” is sliding distance (40m) and “Fy” is
applied normal load (20N).

2.5. Surface Roughness (Yiizey Piiriizliiligii)

Surface roughness values of wear surfaces of tested
samples were performed with Mitutoyo SJ-301 surface
roughness tester. Surface roughness of samples exposed
to different conditions such as ozone, corrosion and
thermal cycling were severally measured.

V

(1)

W = @)
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2.6. Optical Microscopy (Optik Mikroskop ile
Inceleme)

The surface textures of samples before and after
exposing ozone were carried out with a Nikon SMZ
745T Model stereo-zoom microscope (50x).

2.7. Environmental Stress Crack Resistance Test
(Cevresel Gerilme Catlak Ilerleme Direnci Testi)

An internal or external crack in a material can be caused
by tensile stresses. These cracks can be divided into two
groups which are brittle crack and slow crack. The best
known type of slow crack is environmental stress
cracking (ESC). This type of crack is seen in the
presence of surface active wetting agents and stressed
samples. The ability of a material to resist
environmental stress cracking is known as ESCR. Ray-
Ran Model Environmental Stress Cracking Apparatus
was used to determine susceptibility of tested samples to
environmental stress-cracking when subjected to
specified conditions. These conditions contain stress
and different environments such as soaps, oils and
wetting agents. In this study, first samples were bent
and inserted into brackets. Then, samples and brackets
were inserted into a tube filled with solution. The tube
was placed into heated environment. The cracking
failures were inspected periodically. ECSR tests were
performed at 50°C.

3. RESULTS AND DISCUSSIONS (BULGULAR
VE TARTISMA)

Hardness is a good indication of wear property of an
elastomeric material. The hardness values of samples
exposed to ozone, corrosion and thermal cycling were
presented in Fig. 2. In this figure, it was seen that
hardness values of treated samples were decreased. The
all of the environmental factors caused to decrease of
hardness values of rubber samples. The hardness values
of NBR samples exposed to thermal cycling were more
decreased than other samples. The hardness values of
CR samples exposed to corrosion were more decreased
than other samples.
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Fig. 2. The hardness values of samples exposed to ozone,
corrosion and thermal cycling

The wear of elastomer is a complicated event. It
depends on a combination of treatments such as
mechanical, mechano-chemical and thermo-chemical. It
also depends on configuration of testing device, sliding
distance, applied loads and surface property of
counterpart. The environmental factors have significant
effects on tribological properties and working
performance of elastomers. The volume loss values of
samples exposed to ozone, corrosion and thermal
cycling were presented in Fig. 3. In this figure, it was
seen that corrosion reduced volume loss values of all
samples. The volume loss values of all samples
increased by influences of ozone. The smaller value of
volume loss indicates better abrasion resistance. The
ozone causes more wear of rubber samples. Wang el al.
[10] also stated that the presence of ozone was caused
the higher abrasion loss in rubber products.

N I Non-treated
Thermal cycling
Ozone

XX Corrosion

200

)

s 150

100

| %
0+
FKM NBR CR
Materials

Volume loss (mm

Fig. 3. The volume loss values of samples exposed to ozone,

corrosion and thermal cycling
The wear rate values of samples exposed to ozone were
presented in Fig. 4. In this figure, it was seen that the
wear rate values of all samples were increased by
influence of ozone. NBR samples were more worn than
other rubber samples. The ozone is one of the aging
factors causing degradation. Poh et al. [8] stated that
chain scissioning of double bond by ozone generated the
greater abrasion loss in rubbers. They also stated that
the presence of ozone reduced abrasion resistance of
rubber.
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Fig. 4. The wear rate values of samples exposed to 0zone
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The wear rate values of samples exposed to corrosion
were presented in Fig. 5. In this figure, it was seen that
the wear rate values of all samples decreased with
exposure time. The wear resistance of FKM is better
than other samples. The 5%NaCl solution used in
experiments didn’t have an important corrosive effect
on rubber samples. The all samples exposed to NaCl
solution have highly wear resistance.

06 | M= —&— FKM|
—&— NBR|
-4 -CR

Wear rate (x10 9(m 3/N.m))

T T T T T T T T
0 50 100 150 200 250 300 350 400

Time (h)
Fig. 5. The wear rate values of samples exposed to corrosion

The wear rate values of samples exposed to thermal
cycling were presented in Fig.6. In this figure, it was
seen that the wear rate values of FKM and CR samples
decreased with exposure time. The thermal cycling
decreased the wear resistance of NBR samples and
increased the wear resistance of FKM and CR samples.
Glaeser and Chandrasekaran [12,13] stated that FKM
and CR materials had resistance to heat in their studies.
The results obtained from Fig. 6 are similar to their
results. The thermal exposure combined with
mechanical loading can produce significant damage in
polymers [17]. The sample was exposed to thermal
stress during the thermal cycles. The thermal cycling
induces micro cracks and degradations [17]. A rubber
material is generally sensitive to temperature changes.
When the temperature increases from 0-100 °C, the
anti-fatigue life of rubbers is reduced [6].
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Fig. 6. The wear rate values of samples exposed to thermal
cycling

The surfaces roughness values of samples exposed to
ozone, corrosion and thermal cycling were presented in
Fig.7. In this figure, it was seen that surface roughness
values of all samples were increased because of thermal
cycling. The all of the environmental factors caused to
increase of surface roughness values of NBR samples.
When the wear surfaces of rubber samples were
examined after wear tests, the significant surface
roughness values were observed on surfaces of NBR
and CR samples exposed to ozone.
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Fig. 7. The surfaces roughness values of samples exposed to
ozone, corrosion and thermal cycling

The photographs of samples before and after exposing
ozone were taken using a stereo-zoom microscope. Fig.
8-10 show the photographs of ozone cracked surface of
FKM, NBR and CR samples. Crack formation can be
influenced by presence of oxygen or ozone. After ozone
tests, the dense and capillary cracks and ruptures from
surfaces were occurred in some rubber samples. When
the Fig. 8-10 are analyzed, it is seen that the cracks
developed on the surfaces of samples exposed to ozone.
Sulekha et al. [7] also stated that a series of cracks were
developed in rubbers which were subjected to ozone.
When the optical photographs of samples exposed to
ozone are investigated it is seen that the cracks are small
and discontinuous in CR samples, whereas cracks are
deep and continuous in NBR sample.
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Fig. 8. The photographs of FKM sample (50x)
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Fig. 9. The photographs of NBR sample (50x)
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Fig. 10. The photographs of CR sample (50x)
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Table 2 shows number of failures of rubber samples  materials. The high stress-cracking resistance of FKM
exposed to environmental stress-cracking test. Fig.11 relates to using at elevated temperatures [12].

shows the environmental stress crack resistance of

samples. In ECSR tests, crack resistance behaviors of

samples were investigated. The stress cracking results in

the failure of a material. This situation must be taken

into account in design of rubber material parts. FKM

has the most stress-cracking resistance in the tested
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Table 2. Number of failures of samples exposed to environmental stress-cracking test

Elapsed time (h)
Material | 0.1 [025|05| 1 |15|2|3|4|6(8| 12 | 16 | 24 | 32 | 48
FKM 0 0 0O 2 |2|5(6|6|7]| 8 9 *
NBR 0 1 2 |3 6 |[6/6(6|6|6]| 8 9 *
*Stop test since all available samples failed.
7- FKM has the most stress-cracking resistance in the
tested materials.
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Bu caligmada bir proses simiilatoriinde, PID algoritmasinin kullanildigi {i¢ farkli parametre ayarlama yontemi ile kablosuz
sicaklik kontrol deneyleri gergeklestirildi. Ayni kosullarda, ii¢ farkli set noktas i¢in yapilan kablosuz kontrol deneylerinde elde
edilen sonuglar karsilastirildi. Temel Islemler Laboratuarinda bulunan simiilatér ile Proses Kontrol Laboratuarmda bulunan
bilgisayar arasindaki veri aktarimini saglamak igin kablosuz iletisim sistemi kuruldu. Kablosuz deneyler MATLAB/Simulink
programi yardimiyla on-line olarak gergeklestirildi. Deneyler sirasinda kablosuz veri transferi 2.4 GHz frekansinda radyo
dalgalar1 kullanilarak gergeklestirildi. Cohen-Coon ve Ziegler-Nichols yontemleri igin gergeklestirilen dinamik deneylerde
sisteme uygulanan basamak etki sonucu proses reaksiyon egrisi hazirlandi. Reaksiyon egrisinden elde edilen 6lii zaman, zaman
sabiti ve kazang degerleri sirasiyla 33s, 367s ve 0.4 olarak belirlendi. Cohen-Coon yontemi ile K¢ 1, 1p katsayilart sirastyla 37.7,
78.3s, 11.8s olarak belirlendi. Bu yontemle farkli set noktalar1 i¢in yapilan deney sonuglart incelendiginde genel olarak 1siticinin
baslangictan itibaren agik-kapali seklinde ve diizensiz ¢alistig1 gdzlendi ve bu yontemle elde edilen katsayilarin kablosuz sicaklik
kontroliinde etkili olmadig1 anlasildi. Ziegler-Nichols yontemi ile K¢ 1, 1p katsayilar sirasiyla 0.412, 66.0s, 16.5s olarak
belirlendi. Bu yontem ile kablosuz sicaklik kontroliinde, sicakliklarin istenilen set degerlerine ulastigi ve bu sicakliklardan
1°C’lik offset oldugu gozlendi. Deneme-yanilma yontemi ile K¢ 1, 1p katsayilari sirasiyla 0.21, 20.0s, 4.5s olarak belirlendi. Bu
yontem ile sicaklik kontroliinde ise sicakliklarin offset olmaksizin istenilen set degerlerine ulastigi ve farkli set noktalari igin
kablosuz sicaklik kontroliiniin bagariyla saglandig1 gozlendi.

Anahtar Kelimeler: PID kontrol, MATLAB/Simulink, kablosuz proses kontrol, Cohen-Coon, Ziegler-Nichols, deneme-
yanilma yontemi

Comparison of PID Tuning Methods For Wireless
Temperature Control

ABSTRACT

In this study, wireless temperature control experiments were achieved using three different parameter tuning methods which
using PID control algorithm is applied to a process simulator. Under the same conditions, results taken from the wireless
experiments performed for three different set points were compared. To achieve the data transfer between computer in Process
Control Laboratory and the simulator in Unit Operations Laboratory, wireless communication system established. Wireless
experiments were performed on-line by means of MATLAB/Simulink program. Wireless data transfers during the experiments
were carried out using radio waves at a frequency of 2.4 GHz. For the dynamics experiments performed employing Cohen-Coon
and Ziegler-Nichols methods, the process reaction curve was prepared using step change effect. The dead time, time constant and
gain values were determined as 33s, 367s and 0.4, respectively. Kc, t,, T4 coefficients are determined by Cohen-Coon as 37.7,
78.3s, 11.8s, respectively. Comparing the experimental results performed at different set points, one could see that the heater
works irregularly and on-off form during the experiments. It is noted that the coefficients obtained with this method are not
effective for temperature control. The K, 1, T4 parameters are determined by the Ziegler-Nichols method as 0.412, 66.0, 16.5s,
respectively. In this control case, the temperature followed the desired set point with 1 °C offset. By using trial and error method,
Kc, 11, T4 parameters are obtained as 0.21, 20.0, 4.5s, respectively. By this control method, temperature followed the desired set
point without any offset and wireless temperature control was achieved successfully for different set points.

Keywords: PID control, MATLAB/Simulink, wireless process control, Cohen-Coon, Ziegler-Nichols, trial and
error method

1. GIRIS (INTRODUCTION) kontrol parametrelerinin ayarlama kolayligi nedeniyle

PID kontrol ediciler, kolay temin edilebilmeleri, diigik ~ guniimiizde halen en yaygin kullanilan kontrol sistemle-
maliyetleri, hem ayr1 sistem olarak hemde algoritma  'idir. Literatiirde PID kontrol parametrelerinin belirlen-
seklinde gomiilii olarak kullamlabilmeleri, kontrol has- ~ MeSL I¢In gelistirilmis birgok ydntem bulunmaktadir.

sasiyeti, uygulama prensiplerinin anlagilir olmasi ve Ziefgler'NiChOIS (1942) ve C?Ohen-Cioon (1953) yontem-
- leri, bu yontemler arasindaki en eski ve en yaygin kulla-
* Sorumlu Yazar (Corresponding Author)

e-posta: adnanaldemir@yyu.edu.tr nilan yontemlerdir. Bu yontemler deneysel olarak sis-
Digital Object Identifier (DOI) : 10.2339/2016.19.1 9-19 temin giris degiskenine yapilan basamak etki sonucu ¢1-
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kis degiskeninin zamanla degisimini igeren proses reak-
siyon egrisinin hazirlanmas: ve belirlenen 6lii zaman,
zaman sabiti degerleri kullanilarak matematiksel esitlik-
ler ile PID katsayilarinin belirlenmesine dayanmaktadir
[1-2]. Literatiirde farkli prosesler i¢in PID kontrol y6n-
temi kullanilarak bu proseslerdeki degiskenlerin kontro-
liniin gerceklestirildigi degisik 6rnekler mevcuttur. Bir
stvi seviye sisteminin kontrolii i¢in degisken yapili
(DY) PID kontrol 6nerilmis ve bu yontemin kontroldeki
kararlilik ve performans analizi yapilmistir. DY PID
kontrolii yapilan sistemin yari-dogrusal oldugu belir-
lenmistir. Simiilasyon sonuglarina gére DY PI kontrol
edicinin klasik PI kontrol ediciye gore daha iyi perfor-
mans gosterdigi gorilmiistir [3]. Biiyiik o6lgekli, sabit
izotermal dinamige sahip ve kimyasal reaksiyon kinetik-
lerinde dogrusal olmayan davranisin yogun oldugu bir
siirekli karistirmali tank reaktoriin klasik PID kontrol
edici ile kararliliginin saglanmast amaglanmustir. Karar-
lilik analizinde dogrusal PID kontroliin ii¢ modunun ge-
ometrik yorumu yapilmistir. Buna gore oransal terim,
bir denge noktasina ulagsmasi i¢in reaktdr dinamiklerinin
enerji potansiyelini sekillendirmekte, integral terim,
kontrol giriginin dc-6nyargt tahmini i¢in bir adaptif dii-
zen gorevi gormekte ve tiirevsel terim istenilmeyen sa-
linimlar1 ve asir1 sicaklik degisimlerini 6nlemek igin s6-
niimleme islemini saglamaktadir [4]. PID kontrol edici-
lerin performans, ayarlama kolayligi, kararlilik, kontrol
dayaniklilig1 gibi 6zellikleri, kullanim alanlari, ayarlama
yontemleri ve bu kontrol edicilerin gelecegi hakkinda
hazirlanan bir yayinda PID kontrol edicilerin, dogrusal
olmayan, ¢ok degiskenli, zaman gecikmesi olan veya
degisken set noktasina sahip farkli sistemlerdeki kulla-
nimlari incelenerek genel degerlendirme yapilmistir [5].
Ayrica PID kontrol parametrelerinin belirlenmesi i¢in
ayarlama yontemlerinin kiyaslanmasina yonelik farkli
calismalarda bulunmaktadir. Endiistriyel kontrol sistem-
leri i¢in zaman tabanli, frekans tabanli ve ¢ok amagl
optimal ayarlama yontemi olmak iizere {i¢ farkli optimal
PID parametre ayarlama tasarimi incelenmistir. Bu tasa-
rimlar, model tahmini, istenilen sistem 6zelliklerinin ta-
nimi, bir optimal ayarlama mekanizmas: ve PID kontrol
edici olarak dort temel boliimden olugsmaktadir. Bu ii¢
optimal ayarlama yontemi hidrolik konum kontrol sis-
temi, doner hidrolik hiz kontrol sistemi ve gazlastirici
olmak tizere ii¢ farkli endiistriyel sisteme basariyla uy-
gulanmis ve deneysel sonuglar optimal ayarlamali PID
kontrol edicinin sistem performansini arttirdigt ve pro-
ses dinamiklerindeki degisimleri iyi derecede elimine
ettigi belirlenmistir [6].

Bu ¢alismada bir proses simiilatériinde PID kontrol yon-
temini kullanarak kablosuz sicaklik kontroliiniin ger¢ek-
lestirilmesi amaglanmistir. Ayni kosullarda gergeklesti-
rilen kablosuz sicaklik kontrol deneylerinde farkli pa-
rametre belirleme yontemleri kullanilarak bu yontemle-
rin etkinligi ve sicaklik kontroliindeki performanslari,
deneysel sonuglarda elde edilen sicaklik profilleri karsi-
lagtirilarak belirlenmigtir. Deneylerin radyo dalgalar ile
kablosuz olarak gergeklestirilmesi ve MATLAB/
Simulink blok diyagrami ile ger¢ek zamanli ve PID

10

kontrol algoritmasinin on-line olarak kullanilmasi
bakimindan proses kontrol alanindaki c¢alismalara
yenilik¢i bir bakis agisi getirmistir.

2. DENEY SISTEMI (EXPERIMENTAL SYSTEM)

Kablosuz sicaklik kontrol deneylerinin gergeklestirilme-
sinde Ankara Universitesi, Kimya Miihendisligi Bélii-
mii, Temel Islemler laboratuarinda bulunan Cussons
P3005 proses kontrol simiilatorii kullanilmistir. Bu si-
miilator sicaklik, akis hizi, sivi seviye ve basing olmak
lizere dort farkli proses parametresinin 6l¢iim ve kontro-
lii yapilabilen bir sistemdir. Proses kontrol simiilatoriin-
de iki ana boliim vardir. Bunlar proses ekipmanlarinin
bulundugu boliim ve elektronik devrelerin bulundugu,
Olciim ve kontroliin yapilabildigi kumanda panosudur.
Proses kontrol simiilatdriinde sisteme beslenen suyun
muhafaza edildigi bir adet tank, sistemde suyun sirkii-
lasyonunu saglayan elektrik ile ¢alisan bir adet pompa,
sebeke suyu ile sogutmanin yapildigi ceketli sogutucu,
sistemde suyun tutuldugu iki adet cam tank, elektrik ile
calisan bir adet akis hizi kontrol vanasi (CV1), bir adet
stvi seviye kontrol vanasi (CV2), akis hizim1 6lgen bir
adet orifismetre, diferansiyel basing farkim sivi seviye-
sine ¢eviren bir adet transmitter, sivinin tagsmasini 6nle-
mek amaciyla pompanin otomatik olarak kapanmasin
saglayan sigorta, pnomatik basing kontrol edici indika-
torii, pndmatik basing kaydedici, pndmatik olarak gali-
san basing kontrol vanast (CV3), sisteme kompresérden
gelen basingli havayi istenilen basing degerindeki hava-
y1 ileten iki adet regiilator bulunmaktadir. Ayrica sis-
temde dort farkli deney diizenegini olusturabilmek igin
acik-kapali konumlari elle ayarlanan vanalar bulunmak-
tadir. Proses kontrol simiilatoriiniin diger bir birimi ise
elektronik devrelerin bulundugu kontrol panosudur. Bu
panoda sicaklik, sivi seviye kontrol ve akis hizinin 61-
¢lim ve kontrolii yapilabilmektedir. Burada {i¢ adet gos-
terge, otomatik-manuel kontrole gecis yapilabilen bu-
tonlar, pompa ve 1siticiy1 ¢aligtirmak i¢in butonlar bu-
lunmaktadir. Simiilatérde sicaklik, akis hiz1 ve sivi se-
viyesi Ol¢iim ve kontrol sistemi tamamen elektriksel
olarak basing sistemi ise pnomatik olarak caligmaktadir
(Sekil 1).

Kablosuz deneylerin  gergeklestirilmesinde Temel
Islemler laboratuarinda bulunan proses kontrol
simiilatorii ile Proses Kontrol laboratuarinda bulunan
bilgisayar arasinda veri aktarimmi saglamak igin
kablosuz iletisim sistemi kurulmustur. Bunun igin
proses kontrol simiilatériinde kablosuz 6l¢iim ve kontrol
deneyleri gerceklestirmek icin bazi degisiklikler
yapilarak, yeni ekipmanlar eklenmistir. Bu amagla
bilgisayar ve sistem arasinda iletisimi saglayabilmek
igin proses simiilatorii ve laboratuardaki bilgisayar
arasinda veri aktarimimi saglayan iki adet anten
koyulmustur. Ayrica proseste ayarlanabilen degiskenler
olarak belirlenen; 1sitici, sivi seviye kontrol vanasi,
basing kontrol vanasi tekrardan kalibre edilmis ve
bunlarin ¢ikiglart modiillere baglanmistir. Bu modiiller
iki anten arasindaki aktarilan verileri biinyesinde
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bulundurmaktadir. Deneyler sirasinda kablosuz veri
radyo

transferi 2.4 GHz frekansinda
kullanilarak gerceklestirilmistir.

dalgalart

Sekil 1. Kablosuz dl¢iim ve kontrol igin gelistirilen proses
kontrol simiilatorii (Developed process control

simulator for wireless measurement and control)
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3. DENEY YONTEMI (EXPERIMENTAL
METHOD)

Sicaklik kontrol deneyleri i¢in elle ayarlanan vanalarin
pozisyonlar1 agik-kapali uygun konumda ayarlanir. Akis
hiz1 kontrol vanasi 2.5 1/dk ve sitvi seviye kontrol vanasi
%45 vana agiklig1 degerinde ayarlanarak ikinci tanktaki
stvi seviyesinin yaklagik ayni degerde sabitlenmesi
saglanir. Kontrol panosu {izerindeki isitic1 diigmesi ile
calistirilan 1sitict ile sistemdeki suyun sicakligi arttirtlir.
Sistemde sicakligi artan suyun sogutulmasi tanka
donmeden o6nce ceketli sogutucudan sebeke suyu ile
saglanir.

PID kontrol algoritmasinin uygulandigi kablosuz
sicaklik kontrol deneylerinde algoritmadaki Kc, t, ve 1p
kontrol katsayilarimin Cohen-Coon, Ziegler-Nichols ve
deneme-yanilma yontemleri ile bulunan degerleri
kullanilarak ayni kosullarda deneyler yapilmustir.
Sicaklik kontrol deneylerinde baslangicta 1sitici sabit
%10 sitict  acikligi  degerinde 300s calistirilarak
sistemin yatigkin hale gelmesi beklenmistir. 300s
sonunda MATLAB/Simulink blok diyagraminda
bulunan kontrol anahtar1 degistirilerek daha 6nce
kaydedilen kontrol algoritmasi devreye alinmis ve bu
algoritmadaki parametrelerin kontrol iizerindeki etkisi
gozlenmistir. Kablosuz sicaklik kontrol deneylerinde
kullanilan MATLAB/Simulink programimin sematik
gosterimi  Sekil 2’de verilmistir. Burada sistemin
kablosuz kontroliiniin yapilabilmesi igin bir adet
kablosuz agik-kapali diigmesi, proses parametrelerinin
sayisal ve grafiksel olarak gosterildigi bloklar, hata
sinyallerinin ~ depolandig1  bloklar, simiilatordeki
elektriksel vanalarin agiklik degerlerinin ayarlandigi
kutucuklar bulunmaktadir (Sekil 2)

Rt
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Sekil 2. Kablosuz PID sicaklik kontrol deneyinin MATLAB/Simulink blok diyagrami: (MATLAB/Simulink block diagram

of wireless PID temperature experiments)
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4. SONUCLAR VE TARTISMA (RESULTS AND
DISCUSSION)

Proses kontrol simiilatoriinde, kablosuz sicaklik kontrol
deneyleri 2.5 I/dk akis hiz1 ve %45 CV2 vana agikligin-
da gerceklestirilmistir. Proses kontrol simiilatoriinde
PID kontrol parametrelerinin belirlenmesi icin gerekli
olan reaksiyon egrisinin olusturulmasi amaciyla basa-
mak etki uygulanan farkli bir dinamik hal deneyi ger-
¢eklestirilmistir. Bunun i¢in sistem baglangigta %10 1s1-
tict agikliginda calistirilmis ve sicakligin yatigkin hale
gelmesi beklenmistir. Isitict agikligia 80 birimlik pozi-
tif etki verilmis ve 1sitic1 agikliginin %90 olmasi sag-
lanmistir (Sekil 3). %10 sitict agikliginda 26.2 °C’de
sabitlenen sistem sicaklig1 artarak 58.6 °C’de sabitlen-
digi gozlenmistir (Sekil 4).

Bir PID control edici transfer fonksiyonu Esitlik 1 ile
verilmigtir. Cohen-Coon ve Ziegler-Nichols yontemleri
ile PID kontrol katsayilarini belirlemek i¢in gerekli olan
esitlikler Tablo 1°de verilmistir. Basamak etki
sonucunda  sicakligin  zamanla degisim  grafigi
kullanilarak reaksiyon egrisi hazirlanmis ve reaksiyon
egrisi kullanilarak 6li zaman ve zaman sabiti
parametreleri  belirlenmigtir. Sekil 5’te  gosterilen
reaksiyon egrisinden belirlenen 6lii zaman, zaman sabiti
ve kazang degerleri Tablo2’de verilmistir.

GC:KC[l‘l‘i—'—‘CDS
TS

1)

Tablo 1. PID kontrol ayarlama yontemleri igin kullanilan
esitlikler [7] (The equations used for PID control
tuning methods [7])

Parametre | Ziegler-Nichols Cohen-Coon

Kc Ku/1.7

1z
Kp td

4

(55

T Pu/2.0 d 32+6(td /7)

13+8(td / 7)

Pu/8.0 4

L%}
td———
11+2(td / 7)

Isitic) agiklig-Zaman Grafigi

100 T T
20

80
7O
60
50
40

[sitict agiklign (%)

30
20

10

o

1 1
e} 200 600

with time as a result of step change)

70w T T

60

Sicaklik (C)
(4]
. 0O

iy
(=)

30

200

1
€00 1200 1500

Zaman (s)

Sekil 3. Basamak etki sonucunda 1sitict agikliginin zamanla degisim grafigi (The graph of heater capacity changes

Sicaklik-Zaman Grafigi
=

1 I
300 600

! 1
900 1200 1500

Zaman (s)

Sekil 4. Basamak etki sonucunda sicakligin zamanla degisim grafigi (The graph of temperature changes with time as a result of

step change)
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Srcakhk-Zaman Srafidgi

Sicaklik (C)
3

s

6

e

200

300

L
S00
Zarmar {s)

1200

Sekil 5.Basamak etki sonucu olusturulan reaksiyon egrisi (Obtained reaction curve with step change)

Tablo2. Reaksiyon egrisinden belirlenen kontrol katsayilar1 (Determined control coefficients from reaction curve)

Parametre

Td

TA

Us

Sayisal Degeri

33s

367s

0,4

1500

4.1 Cohen-Coon Yontemi ile Katsayilar1 Belirlenen
PID Kontrol Sonug¢lari

Tablo3. Cohen-Coon yontemi ile belirlenen PID kontrol

katsayilar1 (Determined PID control coefficients
with Cohen-Coon method)

Cohen-Coon yontemi i¢in Tablo 1°deki esitlikler
kullanilarak hesaplanan PID kontrol katsayilar1 Tablo Katsay1 Ke T )
3’te verilmistir. Cohen-Coon ydntemi ile bulunan PID
katsayilarimin kullamldigi farkli set noktalari segilerek | Sayisal Degeri 37,7 78,3s | 11,8s
PID kontrol deneyleri yapilmistir. Bu kontrol
deneylerinde 1sitici agikligi ve sicaklik profillerinin
zamanla degisimi gozlenmis ve elde edilen deneysel
sonuglar Sekil 6-11°de gosterilmistir.
Sicakhk-Zaman Grafigi
50 T T T
40 o EVAS o N TN
=)
30 -
| Deneysel sicaklik
Set noktas: (40 C)
200 360 560 960 il 2‘00 1500

Zaman (s)

Sekil 6. C-C yontemi ile Tset=40 °C i¢in sicakligin zamanla degisim grafigi (The graph of temperature changes with time

for Tset=40 °C with C-C method)

Nﬁ

i

Za

100
20
80

70
60
50

Isttici aglkhg (%)

40
30

20

10

|
00 300

gi-Zaman Grafigi

man (s)

1 li il

'

1500

Sekil 7. C-C yontemi ile Tset=40 °C i¢in 1sitict agikliginin zamanla degisim grafigi (The graph of heater capacity changes

with time for Tset=40 °C with C-C method)
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Sekil 8.

Stcaklik (C)

60

Sicakhk-Zaman Grafigi
T T

50

40w

30

20

Deneysel sicakhk
Set noktasi (50 C)

0

| | | I
300 GO0 900 1200 1500
Zaman (s)

C-C yontemi ile Tset=50 °C i¢in sicakligin zamanla degisim grafigi (The graph of temperature changes with time

for Tset=50 °C with C-C method)

100
90
80

70~

60

40

Isitici acikhidi (%)

30

20
10

Q

50—

Isitict acikhgi-Zaman Grafigi

__\m “ | W | l| ’W IM‘

0

1 Il 1
200 600 900 1200
Zaman (s)

1500

Sekil 9.C-C yontemi ile Tset=50 °C igin 1sitic1 agikhigimin zamanla degisim grafigi (The graph of heater capacity changes
with time for Tset=50 °C with C-C method)
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Sicakhk-Zaman Grafigi
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Q
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|
300

|
600

I
900 1200 1500
Zaman (s)

Sekil 10.C-C yontemi ile Tset=60 °C i¢in sicakligin zamanla degisim grafigi (The graph of temperature changes with time

for Tset=60 °C with C-C method)
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Sekil 11.
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501
40+
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20+
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Isitict acikhgi-Zaman Grafigi

(o]}

1
300

600

1500
Zaman (s)

C-C yontemi ile Tset=60 °C igin 1sitict agikliginin zamanla degisim grafigi (The graph of heater capacity changes
with time for Tset=60 °C with C-C method)
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Cohen-Coon yontemi ile bulunan PID katsayilarinin
kullanildigr farkli set noktalari igin yapilan deney
sonuglart  incelendiginde genel olarak 1siticinin
baslangigtan itibaren agik-kapali seklinde ve diizensiz
calistig1 gozlenmistir. Tset=40°C igin 1sitic1 agikliginin
diizensiz olarak c¢alistigi ve buna bagli olarak sicaklik
kontroliinde salinimlara neden oldugu go6zlenmistir
(Sekil 6-7). Tset=50°C ve Tset=60°C ig¢in 1sitic1
acikliginin agik-kapali seklindeki hareketlerinin giderek
siklastig1 (Sekil 9, 11) ancak deney siiresince Tset=50°C
ve Tset=60°C icin istenilen sicakliklara ulagilamadigi
gozlenmistir (Sekil 8, 10). Deneysel sonuglara gore
Cohen-Coon yontemi ile bulunan PID Kkatsayilarinin
kullanildig1 sicaklik kontroliiniin istenilen performansi
gostermedigi ve bu katsayilarin sicaklik kontrolii igin
uygun olmadig belirlenmistir.

4.2 Ziegler-Nichols Yontemi ile
Belirlenen PID Kontrol Sonuglari

Katsayilar

Sekil 5°te gosterilen reaksiyon egrisinden belirlenen 6li
zaman ve zaman sabiti parametrelerinin degerleri
kullanilarak ile hesaplanan PID kontrol katsayilar
Tablo 4’te verilmistir. Ziegler-Nichols yontemi ile
bulunan PID katsayilarinin kullanildigr farkli set
noktalari segilerek PID kontrol deneyleri yapilmistir. Bu
kontrol deneylerinde 1sitict agikligit  ve sicaklik
profillerinin zamanla degisimi gozlenmis ve elde edilen
deneysel sonuglar Sekil 12-17°de gosterilmistir.

Sicaklhik-Zaman Grafigi

50 T T T
40
=)
=]
=
3
o
30 -
Set noktasi (40 C)
Deneysel sicakhk
20 I L | I
o 300 600 200 1200

1500

Zaman (s)

Sekil 12. Z-N yontemi ile Tset=40 °C igin sicakligin zamanla degisim grafigi (The graph of temperature changes with time

for Tset=40 °C with Z-N method)
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Isitic) acikhagr-Zaman Grafigi
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80
70
60
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20
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(o)
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o 300 600

L |
200 1200 1500
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Sekil 13. Z-N yontemi ile Tset=40 °C i¢in 1sitict agikliginin zamanla degisim grafigi (The graph of heater capacity changes

with time for Tset=40 °C with Z-N method)

Sicaklhik-Zaman Grafigi

1500

60 T T T T
50
(=)
= 40
3
@
30| e
Set noktasi (50 C)
Deneysel sicakhik
2% 300 500 500 1200
Zaman (s)
Sekil 14.  Z-N yontemi ile Tset=50 °C i¢in sicakligin zamanla degisim grafigi (The graph of temperature changes with time

for Tset=50 °C with Z-N method)
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Tablo 4. Ziegler-Nichols yontemi ile belirlenen PID kontrol
katsayilar1 (Determined PID control coefficients
with Ziegler-Nichols method)

Isitict agikligina bagl olarak sicakligin diizenli olarak
artarak 41°C’de sabitlendigi gozlenmistir (Sekil 12).
Tset=50°C igin 1sitict agikliginin baslangigta %10°dan

ulasarak bu degerde

Katsay1 K, T . %65’¢ 55 birimlik ani bir artistan sonra ¢ok kiigiik
salinimlarla %86 degerine
Sayisal Degeri 0,412 66,0s 16,5s sabitlendigi gozlenmistir (Sekil 15). Isitic1 agikligina
baglt olarak sicakligin diizenli olarak artarak 51°C’de
Isitici agikhgi-Zaman Grafigi
100 | :
90 -
a0 i o
. 70 |
=
< eof
= sof e
é 40
< 3ol
20|
10
% 300 500 500 1200

1500

Zaman (s)

Sekil 15. Z-N yontemi ile Tset=50 °C igin 1sitic1 agikliginin zamanla degisim grafigi (The graph of heater capacity changes

with time for Tset=50 °C with Z-N method)
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Sekil 16. Z-N yontemi ile Tset=60 °C i¢in sicakligin zamanla degisim grafigi (The graph of temperature changes with time

for Tset=60 °C with Z-N method)
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Sekil 17. Z-N yontemi ile Tset=60 °C igin 1sitic1 agikliginin zamanla degisim grafigi (The graph of heater capacity changes

with time for Tset=60 °C with Z-N method)

Ziegler-Nichols yontemi ile bulunan PID katsayilarinin
kullanildig1 farklt set noktalar1 ic¢in yapilan deney
sonuglar1 incelendiginde Tset=40°C igin 1sitict
acikliginin baslangicta %10’dan %45’e 35 birimlik ani
bir artistan sonra ¢ok kii¢iik salinimlarla %60 degerine
ulasarak bu degerde sabitlendigi gozlenmistir (Sekil 13).

16

sabitlendigi gozlenmistir (Sekil 14). Tset=60°C igin
isitict  agikliginin - baglangigta  %10°dan = %85’¢ 75
birimlik ani bir artistan sonra ¢ok kiigiik salinimlarla
%98 degerine ulagarak bu degerde sabitlendigi
gozlenmistir (Sekil 17). Isitici agikligina bagl olarak
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sicakligin diizenli olarak artarak 61°C’de sabitlendigi
gozlenmistir (Sekil 16).  Deneysel sonuglara gore
Ziegler-Nichols yontemi ile bulunan PID katsayilarinin
kullanildig1 sicaklik kontroliinde sicakliklarin istenilen
set sicakliklarina ulasarak bu sicakliklardan 1°C’lik
offset oldugu belirlenmistir.

4.3Deneme-Yanilma  Yontemi ile
Belirlenen PID Kontrol Sonuclari

Katsayilarn

Deneme-yanilma yontemi ile PID parametrelerinin
belirlenmesinde, Ziegler-Nichols yontemi ile belirlenen

Kc, 1) ve 1p katsayilarindan herhangi ikisinin sabit
tutularak diger parametrenin belirli oranda arttirilmasi
veya azaltilmasi ile yapilan deneylerde elde edilen
sicaklik profilleri karsilagtirilmis ve en iyi kontrol
sonuclarinin elde edildigi katsayilar Tablo 5te ve
deneysel sonuglar Sekil 18-23’tegdsterilmistir.

Tablo 5. Deneme-yanilma yontemi ile belirlenen PID kontrol katsayilari (Determined PID control coefficients with trial and

error method)

Katsay1 Kc T ()
Sayisal Degeri 0,21 20,0s 4,5s
Sicakhk-Zaman Grafigi
50 T T T T
40
(=3
&
30 —
Set noktas) (40C)
Deneysel sicaklik |
200 3“30 GOID 960 1 2‘00

1500

Zaman (s)

Sekil 18.
for Tset=40 °C with D-Y method)
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Sekil 19. D-Y yontemi ile Tset=40 °C i¢in 1sitict agikliginin zamanla degisim grafigi (The graph of heater capacity changes

with time for Tset=40 °C with D-Y method)
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Sekil 20. D-Y yontemi ile Tset=50 °C igin sicakligin zamanla degisim grafigi (The graph of temperature changes with time

for Tset=50 °C with D-Y method)
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Sekil 21.

D-Y yontemi ile Tset=50 °C i¢in 1sitict agikliginin zamanla degisim grafigi

(The graph of heater capacity

changes with time for Tset=50 °C with D-Y method)
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Sekil 22.
for Tset=60 °C with D-Y method)

100

D-Y yontemi ile Tset=60 °C i¢in sicakligin zamanla degisim grafigi (The graph of temperature changes with time
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Sekil 23. D-Y yontemi ile Tset=60 °C i¢in 1sitict agikliginin zamanla degisim grafigi (The graph of heater capacity changes

with time for Tset=60 °C with D-Y method)

Deneme-yanilma  ydntemi  ile  bulunan  PID
katsayilarinin  kullanildigr farkli set noktalar1 igin
yapilan deney sonuglari incelendiginde Tset=40°C ig¢in
isitict  agikliginin - baglangigta  %10°dan  %40’¢ 30
birimlik ani bir artistan sonra ¢ok kiigiik salimimlarla
%59 degerine wulagarak bu degerde sabitlendigi
gozlenmistir (Sekil 19). Isitict agikligina bagli olarak
sicakligin diizenli olarak artarak 40°C’de sabitlendigi
gozlenmigtir  (Sekil 18). Tset=50°C igin 1sitic1
acikliginin baslangicta %10’dan %55°e 45 birimlik ani
bir artigtan sonra ¢ok kiigiik salinimlarla %83 degerine
ulasarak bu degerde sabitlendigi gozlenmistir (Sekil 21).
Isitict agikligina bagl olarak sicakligin diizenli olarak
artarak 50°C’de sabitlendigi gozlenmistir (Sekil 20).
Tset=60°C igin 1sitict agikliginin baglangigta %10°dan
%65’¢ 55 birimlik ani bir artigtan sonra ¢ok kiigiik

18

salinimlarla %94 degerine ulasarak bu degerde
sabitlendigi gozlenmistir (Sekil 23). Isitict agikligina
bagli olarak sicakligin diizenli artarak 60°C’de
sabitlendigi gozlenmistir (Sekil 22).

5. SONUCLAR (CONCLUSIONS)

Bu c¢alismada bir proses simiilatdrinde PID
algoritmasimin uygulandig1r kablosuz sicaklik kontrol
deneyleri gergeklestirilmis ve {i¢ farkli parametre
ayarlama yontemi kullanilarak ayni kosullarda yapilan
deneylerde elde edilen sonuglar karsilagtirilmigtir. PID
kontrol yontemleri igin gergeklestirilen dinamik analiz
deneylerinde sisteme uygulanan basamak etki sonucu
elde edilen reaksiyon egrisi incelendiginde sistemin
yerlesme zamanimnin yiiksek oldugu belirlenmistir.
Cohen-Coon yontemi ile belirlenen PID kontrol
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katsayilarinin  kullanildigi farkli set noktalar1 ig¢in
yapilan deney sonuglart incelendiginde genel olarak
siticinin baglangigtan itibaren acik-kapali seklinde ve
diizensiz galistig1 gézlenmis ve bu yontemle elde edilen
katsayilarin  sicaklik  kontroliinde etkili olmadig
belirlenmistir. Ziegler-Nichols yontemi ile bulunan PID
katsayilarinin ~ kullanildigni ~ sicaklik  kontroliinde
sicakliklarin istenilen set degerlerine ulasarak bu
sicakliklardan 1°C’lik offset oldugu belirlenmistir.
Deneme-yanilma  yontemi  ile  bulunan  PID
katsayillarinin ~ kullanildigr  sicaklik  kontroliinde
sicakliklarin istenilen set degerlerine ulasarak herhangi
bir offset veya salimm olmadan bu sicakliklardaki
kontrol basartyla saglanmustir.

SEMBOLLER (NOTATIONS)
e(t) :hata

Gs :transfer fonksiyonu
K¢ :oransal sabit

t :zaman, [s]

ty  :0li zaman, [s]

T  :sicaklik [°C]

Us :kazang

T :zaman sabiti

Tp tirevsel sabiti

T :integral sabiti
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0z

Yildirim darbelerine karsi transformatdrlerin dayaniminin saglanabilmesi, uzun isletme kosullarina imkan vereceginden, tasarim
asamasinda asir1 gerilimlere maruz kalan bolgelerinin bilinmesi 6nemlidir. Cesitli modelleme g¢alismalari ile transformatorlerin
yildirim darbelerine karst dayanimi analiz edilirken, ¢ogunlukla yagl tip transformatorler analiz i¢in tercih edilmigken, imalatta
gittikce bilyiik bir pazara sahip olmaya baslayan kuru tip transformatdrlerin davranisinin incelenmesi de 6nem kazanmaktadir. Bu
caligmada daha 6nceki ¢aligmalardan farkli olarak kat sargi yontemi kullanilarak profil iletken ile sarilmig ve epoksi regine ile
izole edilmis bobinin yildirim darbe gerilimi dagilim analizi yapilmistir. Tlk olarak, kat1 izolasyon yapust ile sargilarda meydana
gelen kuvvetlere kars1 yliksek mukavemet saglayan kuru tip transformatorlerin énemi agiklanmig ve merdiven tip ag metodu iize-
rine bilgi verilmistir. Sonrasinda, transformatore ait LC parametrelerinin ¢ikarilmasi i¢in gerekli hesaplama yontemleri verilmig-
tir. Son olarak literatiirde yer alan diigiim denklemlerinden elde edilen matris yapmin ¢oziimii sunulmus ve yildirnm darbe
geriliminin kuru tip transformatdr bobinindeki dagilimi elde edilmistir.

Anahtar Kelimeler: Yildirim darbe testi, kuru tip transformatérler, RLC merdiven tipi ag modeli

Research of Lightning Impulse Voltage
Distribution In Dry Type Transformer Winding

ABSTRACT

It is important to have knowledge of parts of transformer under high voltage during designing of transformer, because of
withstanding of transformer against to lightning impulse make lifespan of transformer longer. Oil-immersed type transformer
lightning impulse modeling has been carried out frequently in the past. Studies on dry type transformer lightning impulse modeling
gains more important because of growing marketing share of it. This study differs from old studies because during studies, cast resin
insulated layer type coils with rectangular shape wire are used as dry type transformer windings. First, it has given an explanation
about importance of dry type transformer which have very straight endurance to force because of their solid windings and ladder type
network model. Then, some calculation methods of LC parameters of transformer have been given. Finally a solution method of
matrix obtained from node equations has been presented and lightening impulse voltage distribution in dry type transformer winding
is obtained.

Keywords: Lightening impulse test, dry type transformer, RLC ladder network model

1. GIRIS (INTRODUCTION) izolasyon malzemeleriyle olan koordinasyonunun
saglanmas1 gereklidir [1]. Isletme geriliminde calisan
transformatorlerin - modeli direng ve endiiktans
parametrelerinden olusur. Ancak transformatdrler giic
sistemine bagl iken asir1 gerilime, asir1 akima, ariza ve
kesicilerin agilma ya da kapanma islemlerinden
kaynaklanan darbe gerilimlerine maruz kalirlar. Bu

T, . C . hallerde transformatoriin i¢ kapasite parametreleri
Biiyiik gii¢ trafolarin {iretilmesi ile birlikte darbe geri- baskin hale gelir [2].

liminin sargilar i¢erisindeki dagilimi ve darbeye maruz
kalmayan sargilardaki etkinin incelenmesi amaciyla
yidirim darbe geriliminin net bir sekilde analiz
edilmesi 6nemli bir hal almustir. Ozellikle darbeye
maruz  kalmayan  sargilarin  izolasyon  yapisi
belirlenmelidir. Ayrica sarimda kullanilan aparatlarin

Elektrik enerjisinin iletiminde ve dagitiminda anahtar rol
oynayan transformatorlerin asir1 gerilimlere karsi da da-
yaniklt olacak sekilde tasarlanmasi gerekmektedir.
Ozellikle transformatorlerin yildirrm darbesi ya da anah-
tarlama sirasinda meydana gelen yiiksek frekansl geri-
limlere kars1 dayanikli olmasi beklenir.

Yiiksek frekansli agir1 gerilimlere maruz kalan trans-
formatoriin sargilariin igyapisinda baskin hale gelen
paralel ve seri kapasitelerin oranlarmin farklilig1 ve i¢
rezonanslar nedeniyle sargilarin farkli bolgelerinde
lineer olmayan gerilim dagilimlar1t meydana gelir [3].
- Transformatoriin isletmede kullanimi sirasinda yiiksek
* Sorumlu Yazar (Corresponding Author) frekanslt asir1 gerilimlerden zarar gormeden ¢aligmasi
e-posta: : muzaffer.erdogan@besttransformer.com o .
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ve 50us yaritlanma siiresi olan yildirim darbe gerilimi
ile test edilir [4]. Transformatoriin testi gegebilmesi i¢in
test sirasinda, sargilarin igerisinde meydana gelen
elektrik alandan zarar gormeyecek sekilde sargi
izolasyonunun tasarlanmasi gerekmektedir. Amag en az
iretim ve isletme maliyeti ile asir1 gerilimlere karsi
dayanikli yillarca galisan transformator dizayn etmektir
[5]. Bunun basarilabilmesi i¢in yildirim darbe testi
sirasinda sargilarda meydana gelen gerilim dagilimi
analiz edilmelidir. Gerilim dagilimin analizi sargilarin
RLC esdeger devresinin ¢dztimii ile elde edilir.

Darbe dagiliminin sargt igerisinde dnemli oldugunun
anlagilmasiyla, sargi  yapisindaki  kapasite ve
endiiktanslarin  diizenli olarak dagildigimi varsayan
yaklagimlarla analitik incelemeler yapilmistir. Ancak
transformator sargilarina ait kapasite ve endiiktanslarin
diizensiz  dagilmast nedeniyle bu yaklasimlarin
transformatorler icin uygulanmasi miimkiin degildir.
Lewis’in [6] amagladigi merdiven tipi ag yapisi modeli
kullanilarak transformator sargilart esit bolmelere
ayrilmis ve sargilarin analiz edilmesi miimkiin olmustur.
Ancak bu model de sargilann diizenli olarak
tasarlanmamis transformatorler icin uygun degildir. Dent
[7] tarafindan yapilan ¢aligmalarda merdiven tipi ag
modelinin diizensiz yapidaki sargilar i¢in uygulanmasi
miimkiin ~ olmustur. Bu  ¢alismanin  ardindan
aragtirmacilar RLC parametrelerin bulunmasi {izerine
yogunlagmiglardir. Fergestad [8] sargilarin 6z ve ortak
endiiktansin, Stein [9] ise sarimlar arasindaki seri ve
paralel kapasitenin hesaplama yoOntemini sunmustur.
Fergestad [10] bu yontemi ¢oklu sargi yapisina
uygulamustir. Miki ve arkadaslari ise [1] merdiven tipi ag
modelini darbe geriliminin dogrudan uygulanmadigi,
transfer edilen gerilimin etkisi altinda kalan sargilart da
modele dahil ederek irdelemislerdir.

Yiiksek frekans altinda darbe geriliminin dagiliminin
incelenmesi iizerine ¢aligmalar yogun olarak yagh tip
transformatorler {izerine yapilmustir [1-2,6-10,12-13].
Bu konuda, kuru tip transformatorler tizerine ¢aligmalar
ise smrli sayida gergeklestirilmistir [3,5,11]. Bu
caligmalarda LC parametreleri sayisal yontemlerle elde
edilmis ve strip iletken tiiri ile sarilmis bobinler
incelenmistir.

Bu calismada daha onceki c¢aligmalardan farkli olarak
imalati daha kolay ve biylk giicte kuru tip
transformatorlerde siklikla kullanilan kat sargi yontemi
kullanilmigtir. Her glicte bobin sarimma uygun profil
iletken tipi secilmistir. Epoksi regine ile izole edilmis

bobinin yildirim darbe gerilimi dagilim analizi
yapilmistir. Hesaplamada kullanilan  parametreler
analitik ve  sayisal  yontemlerle  hesaplanarak

karsilastirilmigtir. Model bobinin LC devresi elde edilen
parametrelerle ¢oziilerek, yildirnm darbe geriliminin
bobinin igerisindeki dagilim1 analiz edilmistir.
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2. KURU TiP TRANSFORMATORLER
(DRY TYPE TRANSFORMER)

Sargilar1  epoksi regine ile Ortiilmiis kuru tip
transformatorler yagli transformatorlere gore daha
giivenli olmalar1 nedeniyle hastane, metro sistemleri,
aligveris merkezleri gibi toplu yasanilan alanlarda
kullanilmaktadir. Yapisinda yanici madde
bulundurmamasi, kisa devre aninda meydana gelen
kuvvetlere karsi yiiksek mukavemete sahip olmasi,
izolasyon malzemesi olarak yag gibi kirlenici
malzemelerin kullanilmamasi ve bakim
gerektirmemesi, kuru tip transformatdrlerin tercih
edilmesini saglamustir.

Kuru tip transformatorlerin bobinleri, sarim islemi
tamamlandiktan sonra kalip igerisine yerlestirilir ve
vakum altinda regine dokiim islemi gerceklestirilir.
Dokiim  sonrast  bobinler ¢ekirdegin  bacaklarina
gecirilir ve alt st takozlarla sikistirma demirlerine
sabitlenir. Izolasyon olarak yag kullanilmaz ve bu
nedenle yagi muhafaza edecek tanka ihtiya¢ yoktur.
Sargi i¢inde kullanilan izolasyon malzemesi epoksi
recinedir. Sargilar arasinda ise epoksi recine ve hava
vardir.  Izolasyon  malzemesi olarak  havanin
kullanilmast  nedeniyle = zorlanmanin en  ¢ok
gerceklestigi yer sargilar arasindaki hava bosluklaridir.

3. MERDIVEN TiPi AG MODELI
(LADDER NETWORK MODEL)

Merdiven tipi ag modelinde her bir sarim bir L
endiiktans parametresi olarak kabul edilir. Oz ve diger
sarimlara gore ortak endiiktans: hesaplanarak N sariml
bir transformatoriin  bobininin NxN endiiktans matrisi
elde edilir. Tletken izolasyonu, kat aras1 izolasyonu ve
diskler arasindaki yag gibi dielektrik malzemeler
nedeniyle her bir sarim bitisigindeki sarimla birlikte bir
seri kapasite ve tank ya da diger sargilara karsida
paralel kapasite olusturur. Sargilarin sarim sayisinin
fazla olmasi nedeniyle parametreler sarim i¢in degil,
bir grup i¢in ¢ikarilir. Disk sarg1 teknigine gore sarilmig
bir bobin i¢in bir disk ¢ifti ya da kat sargt teknigine
gore bir kat sarim bir eleman olarak gruplanir. Bu
sekilde islemler basit hale getirilerek ¢6zim
kolaylastirilir. Sekil 1’de yagl tip transformatore ait
merdiven tipi ag modeli verilmigtir. Merdiven tipi ag
modeli ile sargilar gerilim bilgisi elde edilmek istenen
diiglimlere gore gruplanabilir. Boylelikle transformator
sargilarinin herhangi bir noktasinin analizini yapmak
miimkiindiir [12].
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Nive AG YG  Tank

Sekil 1- Merdiven tipi a§ modeli(Ladder type network
model)

Kayiplar sargi igerisinde darbe gerilim dagilimima ¢ok
az soniimleme etkisi yaptigindan hesaba katilma-
maktadir [1].

Yildirim darbe testinin uygunlanmasi sirasinda test
edilecek bobinin girig terminaline gerilim verilirken
bobinin ¢ikis terminali ve diger bobinlerin hepsi
topraklanir. Algak gerilim bobininin giris ve ¢ikis
terminalleri toprakli iken, nétr ucu toprakli bir yiiksek
gerilim bobinine yildirim darbe gerilimi uygulanir.
Algak gerilim bobininin toprakli olmasi nedeniyle

cekirdegin icinden aki gegcmez. Sadece bobinler
arasinda kacak akilar dolamir ve endiiktans
parametresinin olusmasini saglayan bu  akilardir.
Bobinin  igerisindeki  yildinm  darbe  dagilimi

transformatoriin ¢ekirdekli ya da gekirdeksiz olmasi
durumunda ayni sekilde olur [13].

Kuru tip transformatorlerde izolasyon malzemesi
olarak havanin kullanilmasi nedeniyle tank bulunmaz.
Paralel kapasite sadece sargilar arasinda meydana gelir.
Ayrica dagitim tipi kuru tip transformatorlerde algak
gerilim sargist band sargidir. Yildirnm darbe testi
sirasinda  algak gerilim sargisinin  topraklanmasi
nedeniyle, al¢ak gerilim dis ¢ap1 toprak geriliminde bir
silindir gibi davranir. Bunun sonucunda yiiksek gerilim
sargisi ile toprak arasinda kapasiteler meydana gelir
(Sekil 2).

Nive AG YG

AG Y&

a) b)

Sekil 2- Folyo Sargili Kuru Tip Transformatdriin
a) Fiziksel Modeli b) LC Modeli

4. PARAMETRELERIN HESAPLANMASI
(CALCULATION OF PARAMETERS)

4.1. Parametrelerin Analitik Hesaplamalar
(Analytical Calculation Of Parameters)

4.1.1. Endiiktans ( Inductance)

Yiiksek gerilim bobinleri ¢ok sayida sarimdan olusur.
Bu sarimlarin kendisinden kaynaklanan 6z endiiktansi
ve diger sarimlardan kaynaklanan ortak endiiktansi
vardir. Silindirik yapidaki sargilarin analitik olarak
endiiktans hesaplamalarinda her bir sarim bir eleman
olarak alinarak, bu elemanlarin 06z ve ortak
endiiktanslar1 hesaplanmugtir. Uzerinden | akimi akan
iletkenin d uzakligindaki noktada meydana getirdigi A
manyetik vektor potansiyeli ifadesi Esitlik 1’de
verilmistir. u ise boslugun manyetik geg¢irgenligidir ve
degeri 4w 107 H/m’dir.

-4 _95;0” (1)
T

L endiiktans ifadesi ¢ manyetik akismin  I’ya
oranindan elde edilir (Esitlik 2).

¢ 2
L=7 (2)
A’nin ¢izgi integrali ise ¢ degerini verir (Esitlik 3).
Boylece bir iletkenden akan akimin uzak bir noktadaki
bagka bir iletkenin bir noktasinda olusturdugu vektor
potansiyelinin ¢izgi integrali hesaplanarak aki degeri
elde edilir ve akim degerine oranlanarak endiiktans
parameteresi elde edilir.

¢=j€Adl 3

4.1.1.1. Ortak endiiktans (Mutual inductance)

Yar1 caplart a; ve a, olan z ekseninde aralarindaki
mesafe h olan iki sarimin ortak endiiktans ifadesi Sekil
3’deki gibi birinci sargidan akan akiminin ikinci
sargmin P noktasinda olusturdugu manyetik alan
vektoril ifadesi Esitlik 4°te verilmigtir [14].

Sekil 3- Es Merkezli iki Sarim (Two coaxial turns)

ul a, cos(a) da

27 [a,% + a,? + h? — 2a,a, cos(a)

(4)
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Esitlik 2 ve Esitlik 3’1in Esitlik 4’ten elde edilen sonuca
uygulanmasiyla elde edilen Mj, ortak endiintans
ifadesi:

y f cos(a) da
12 = Ha,1Qa;
] Va2 + ay? + h? — 2a,a, cos(a)

olarak bulunur.
4.1.1.2. Oz endiiktans (Self inductance)

A

—

Y

Y

Sekil 4- Dikdortgen Iletken (Rectangular wire)

Oz endiiktans iletkenin igerisindeki enerji ve sarrmim
olusturdugu halkanin igerisinden gecen akidan yola
cikilarak hesaplanir. t kalinlifinda ve w genisliginde
profil iletkenli r  yarigapli  sarimin (Sekil 4)
icerisindeki B manyetik aki yogunlugu dagilimini
veren ifade Esitlik 6’da verilmistir.

ulx

BO = srevwy

V hacminin igerisine depolanan manyetik alaninin
olusturdugu E enerji ifadesi ise Esitlik 7°de verilmistir.

t
—fBZ = Jx3dx

Enerjinin L endiiktans ifadesine bagli denkleminden ve
iletken igerisinde depolanan enerjiden yola ¢ikilarak
elde edilen L. endiiktans ifadesi Esitlik 8 ve Esitlik
9’da verilmistir.

I Trw
T 2w+ )23

_ plPmrwt 1 ®)
8w+t 2
umrwt
L = —— 9
¢ 4w+ t)? ®)

Iletken halkanin igerisinden gegen akidan kaynaklanan
0z endiiktas hesaplamasinda, manyetik alanin iireticisi
ve manyetik alandan etkilenen, iletkenin kendisi olmasi
nedeniyle h’m degeri 0 olur [11]. Sekil 5’teki gibi
ortalama yarigap1 +§ olan sartmin manyetik akinin

sargt halkasinin icinden gegmesinden kaynaklanan L;
0z endiiktans1 Esitlik 10’da verilmistir.

Q)

L; =,ur(r+%)0f\/(r+t

cos(a) da

(10)

5)2 +r2-2(r+ é)rcos(a’)

L toplam 06z endiiktans degeri ise Esitlik 11°de
verilmigtir.
Ly=1L,+1L; (11)

(6)

()
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Sekil 5- r yarigapli ve t kalmliginda iletkenin sarima (A turn
of wire with radius r and thickness t)

N sarimdan olusan transformatoriin sargisinin her bir
sarimin 6z ve diger N-1 sarim ile olan ortak endiiktansi
NxN endiiktans matrisini olusturur. Ornegin 1000
sarimdan olusan bir sarginin 1000x1000 boyutunda
endiiktans matrisinin ¢6zimii ¢ok zahmetlidir. Bu
nedenle gruplara ayrilmig sargilarin toplamindan bir
endiiktans degeri elde edilir. Grup sayist kadar endiik-
tans matrisi elde edilir. N sarimdan olusan bir NxN
matrisi (Esitlik 12) alt gruplamalar ile N’x N’ matrisi-
ne indirgenir (Esitlik 13).

Ly Ly Lino1 Lin ]
L21 L22 LZ,n—l LZn
: : (12)

Ln—l 1 Ln—1,2 Ln—l,n—l Ln—l,n
- Lnl an Ln,n—l Lnn J
L11’ Lln’

: : (13)
-Lnll Lnnl

4.1.2. Kapasite hesaplamalar: (Calculation of capaci
tance)

LC parametrelerinin hesaplanmasi igin transformatoriin
yiiksek gerilim bobini alt bobin gruplara bdliiniir.
Her bir alt bobin grubunu olusturan iletkenlerin
birbirlerine gore kapasitelerinin  esdegeri  seri
kapasiteleri meydana getirir. Bu alt bobin gruplari ile
alcak gerilim bobini arasinda da paralel kapasiteler
meydana gelir. Transformatériin LC modelinin elde
edilebilmesi icin her bir kapasitenin bulunmasi gerekir.

4.1.2.1. Seri kapasite (Serial capacitance)

Kat sargt yontemi ile sarilmig transformator
sargilarinda iletkenler aksiyal yonde Ny adet sarilarak
bir iist kata gegilir ve n kat sarildiktan sonra sarim
tamamlanir (Sekil 6).
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n. kat

Ny+1 2. kat

‘ 2N,

1. kat

Sekil 6- Kat sarg1 (Layer type winding)

Her bir iletkenin izoleli olmasi ve kat arasinda
izolasyonlarin kullanilmasi nedeniyle, her bir sarim ile
bitisigindeki sarim arasinda ve bir {ist ya da alt
katindaki iletken arasinda kapasiteler meydana gelir.
Komsu olmayan sarimlar arasindaki kapasiteler ihmal
edilmigtir (Sekil 7).

t Ct Ct Ct Ct
I [ e
ALCd ALCd ALCd ALCd J~Cd J~Cd
3T 5151537
Cd LCd ALCd ALCd LCd Cd
[EREEEEAERER
Vv

Sekil 7- Kat sarginin kapasitif modeli(Capacitance model
of layer type winding)

Her bir kapasitenin enerjilerinden yola c¢ikilarak n
kattan olusan bobinin toplam kapasitesi iki asamada
hesaplanir. Birinci agamada yan yana sarilan iletkenler
arasi toplam kapasite enerji yontemi ile elde edilir [15].
Esitlik 14’te yan yana sarilan r yari1 ¢apl aralarindaki
izolasyon mesafesi d; ve iletken izolasyonu dielektrik
sabiti &; olan iki iletkenin C; kapasitesi verilmistir. &

boslugun dielektrik sabiti olup degeri 8,85 x  10™
F/m’dir.
_ Ei1€olmrt (14)
d

Uglarina V gerilimi uygulanan n kath bir sargidaki
toplam kapasite bulunur ve C, esdeger kapasite degeri
Esitlik 15 ve Esitlik 16°daki gibi hesaplanir.

2
1 (Vv 1
- —1)==cC, V2 (15)
5 Ce <2Ny> n(N, — 1) 5 CerV
Cor =~ n(Ny — 1 (16)
tr — 2Ny2 n( y )

Kat sarginin kapasite hesabinin 2. agamasinda, sarginin
katlar1 arasinda meydana gelen kapasiteler hesaplanir.
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Ust iiste gelen iki iletkenin arasinda bulunan iletken
izolasyonu ve bagil dielektrik sabiti ¢, ve kalinhigr d;,
olan olan kat izolasyonu C4 kapasitesini olusturur
(Esitlik 17).

golmrt
T dil | diz

il

Ca = (17)

Eiz

Katlar aras1 sarimlardaki gerilim farklar1 dogrusal
olarak artar (Esitlik 18).
e

izolasyon malzemeleri icerisinde

Katlar arasinda
depolanan toplam enerji ise Esitlik 19°da verilmistir.

2V
nN,

4V
nN,

6V

2(N, - 1)V
a,) e\ TN,

nN,

N R AN AN LIAY
=(-Dstlay,) Tan,) T,

2(N, - 1)V 1)

+
nN,

()

Esitlik 20°deki ardisik sayilarin karelerinin toplami
ifadesinden yararlanilarak Esitlik 19 sadelestirilir.

e + (k—1)2
k(e —1)(2k — 1)

6

12 4+224+32+
(20)

Kat arasi iletkelerin kapasitelerinden meydana gelen
toplam enerji:

2 2

2

2

|G

n2N,?|\2 >+2<
()]

Esitlik 21°de gerekli sadelestirme islemleri yapilarak
Esitlik 22 elde edilir.

- (n—1)(N, —1)(2N, — 1)C V2
N 6vV2n2N,,

4

) + (z
Z(Ny - 1)
2

6

2

1

E=(n—1)\/i

Ca

ifadesi ile hesaplanir.

1
=5 CarV? (22)

Cqr kat aras1 esdeger kapasite Esitlik 23’te verilmistir.

_ (n— 1)(Ny — 1)(2Ny — 1)Cd
3v2n2N,,

Cdr (23)
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Esitlik 17 ve Esitlik 23’tin toplamindan elde edilen kat
sarginin toplam esdeger kapasitesinden seri kapasite
elde edilir (Esitlik 24).

C; -1)(2N, - 1)C,4

(N
C, = n(N, —1) + = (24)
N ZNyZ ( y ) 3\/§n2Ny
4.1.2.2. Paralel kapasite (Parallel capacitance)
AG dis \ \ YG i¢
izolasyon izolasyon

fletken
izolasyonu

hava boslugu
YG iletkeni

<&—-

/ live
/ lzve

<&—-

'aG-ve

P

M |

Sekil 8- AG-YG Sargilan1 Aras: (Insulation between LV-
HV windings)

Paralel kapasite yiiksek gerilim (YG) bobini ile igte
kalan algak gerilim (AG) bobini arasinda meydana
gelir. Es merkezli iki silindirin olusturdugu kapasitenin
plaka alan1 YG bobinini olusturan alt bobinlerinin en
alt katindaki iletkenlerin AG bobinine bakan ylizeyi
kadardir. AG bobinini olusturan ¢iplak iletkenlerin dis
yart capt fjag ‘dir. Iletkenin dis yiizeyinde bagil
dielektrik sabiti ejac Ve dis yart capt riag oOlan
izolasyon vardir. AG ve YG sargilar1 arasinda bagil
dielektrik sabiti 1 ve dig yar1 ¢ap1 ragyc Olan hava
boslugu vardir. YG bobininin i¢ yiizeyini bagil
dielektrik sabiti ¢,y ve dis yar1 ¢apt riyg Olan
izolasyon malzemesi ile bagil dielektrik sabiti &jyg,
kalinlig1 dyyvg ve dis yari gapir riyg olan YG bobini

iletken izolasyonu olusturur (Sekil 8). Paralel
kapasitesitenin  hesaplama yontemi Esitlik 25°te
verilmigtir.
c - £021Ny, (W + dyryg)
P Lrizi_i_mc—yc _l_; Tizvé , _1 Tave
€izAG TilAG TizAG €izvyGTAG-YG  €ilyG TizAG

4.2. Parametrelerin Sayisal Hesaplamalari
(Numerical Calculation of Parameters)

Parametrelerin sayisal hesaplamasinda en iyi sonug
veren yontemlerden bir tanesi sonlu elemanlardir [15].
Bu yontemde caligma alani ¢ok sayida alt elemana
boliinerek elemanlarin igerisindeki enerji hesaplanir.

(25)
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Bu enerjiden yola cikarak gerilim, akim ve parametrik
degerler elde edilir. Sonlu elemanlar yonteminin (SEY)
sagladigt en biyiik fayda diizgiin geometriye sahip
olmayan bolgelerin alan dagilimlarinin  kolaylikla
hesaplanabilir olmasidir.

42.1.

/

Endiiktans (Inductance)

N (2

Sekil 9- FEMM 4.2 ile Endiiktans Hesaplama (Calculation
of inductance with FEMM 4.2)

SEY ile iki bobin arasinda endiiktans hesaplanirken bir
bobine akim uygulanir. Diger bobinden akan akim 0
olarak belirlenir ve manyetik alana maruz kalan bu
bobinde  endiiklenen gerilim bulunur. Sekil 9’da
verilen iki bobinden birincisine akim uygulanmis ve bu
akimdan kaynaklanan manyetik aki ¢izgileri ve
manyetik aki yogunlugunun alan igerisindeki dagilim1
farkli renk kodlar1 ile verilmistir. SEY yazilimi1 bu alant
iicgen seklinde kiiciik pargalara ayirarak her bir
iicgenin icerisindeki alanin elektromanyetik
denklemlerini  ¢bzer. Alanin  her noktasindaki
elektromanyetik aki degeri hesaplandig i¢in tizerinden
akim akan bobinin olusturdugu manyetik akinin alanin
igerisindeki bagka bir bobine olan etkisi incelenir.
Boylece bir iletkenden akan | akiminin bolgedeki
baska bir iletken tizerinde endiikledigi V gerilimi elde
edilir. Esitlik 26 ile L endiiktans degeri hesaplanir. Bazi
SEY ile g¢alisan programlar ise L degerini dogrudan
hesaplar.
dl

V=1—
dt

Kapasite (Capacitance)

(26)

4.2.2.

SEY yontemi ile kapasite hesaplamalarinda enerji
yontemi uygulanir. Kat sargimin ilk katimi olusturan
iletkenlere 0 potansiyel, son katina olusturan iletkenlere
V potansaiyeli uygulanir. Ara katlarda kalan iletkenlere
potansiyel atanmaz ve boylece sargmin igerisindeki
izolasyon malzemeleri elektrik alanin igerisinde kalmis
olur. Dielektrik malzemelerin igerisinde depolanan
enerji SEY ile hesaplanir. Elde edilen E enerjisinden C
esdeger kapasite degeri hesaplanir (Esitlik 27).
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1

E=3CV? (27)

5. MATEMATIKSEL MODELIN KURULMASI
(BUILDING A MATHEMATICAL MODEL)

i

Cp1

CSl T
sz

Sekil 10- L ve C Parametrelerinde Olusan Transformator
Modeli (Model of transformer consisting of L

and C parameters)

Bakir kayiplart ¢ok az bir soniimleme meydana
getirdigi i¢in ihmal edilir. Ayrica yildirrm darbe
gerilimi testi sirasinda algak gerilim sargisinin kisa
devre edilmesinden dolayr manyetik ¢ekirdegin bir
etkisi yoktur [1]. Kuru tip transformatérlerde algak
gerilim sargisi bant sargi olmasi ve topraklanmasi
nedeniyle sadece yiiksek gerilim bobine ait
parametrelerden olugan transformatér modeli yildirim
darbe geriliminin dagilimin1 modellemek i¢in yeterlidir.
Sekil 10’da yiiksek gerilim bobinini olusturan sargi
gruplarinin birbirileri ile olan L endiiktans1 , her bir
sargl grubunu olusturan sarimlarin meydana getirdigi Cs
seri kapasitesi ve her bir sargi grubunun topraga karsi
C, paralel kapasitesinden olusan kuru tip transformatére
ait yildinm darbe geriliminin dagilimmin analizinde

kullanilacak LC devresi verilmistir.Digim
gerilimlerinden ve  endiiktans iizerinden akan
akimlardan yola ¢ikilarak elde edilen denklemlerin

¢ozlimii ile gerilim dagilimi analizi yapilir [1].

Sekil 10’daki modelde, V1 transformatére uygulanan
yildirnm darbe testinin gerilimidir. Darbe gerilimi testi
standartta [4] Dbelirtildigi sekilde Esitlik 28°de
matematiksel ifadesi verilmistir.

V, = 1.0167 (e~14230t — g—6069100t) (28)

Yildirim darbe gerilimi tepe degerine 1,2psn igerisinde,
yarilanma siiresine ise 50usn igerisinde ulagir (Sekil
11).

27

o o
o o)

N
~
T

Gerilim (pu)

0.2r

%

5

x10°

Sekil 11- Yildirim Darbe Gerilimi (Lightning impulse
voltage

1 2 3
Zaman (sn)

Esitlik 29°da endiiktanslar iizerinden akan akimlara
bagli olarak diigiim gerilimleri verilmistir [1].

Vi—=Vo= Ly L+ L+ Lzl + e 4lin I,
Vo—=Va= Loyl +Lyy L+ Lisls+ coo4loy I,

Vs=Vy= Lyg 1+ Lag [ + Ly I3 + .. 4Lap I (29)
Vo—0= Ly L+ Ly b+ Lys s+ 4Ly, I
Esitlik 30’da ise denklem takimi matris halinde
verilmistir. (30)

[A1Vy + [B] [V] = [L][{]

Diigiim noktalarinda akimlarin toplaminin 0 olmast

ilkesine dayanilarak kapasiteler iizerinden akan
akimlarin ifadesi ¢ikarilir (Esitlik 31).
L — 1 = Cs;(Vy = V) + CpyVy + Cs, (Vo = V)
I, — I3 = Cs, (Vs = V) + CpsVs + Cs3 (Vs — V)
13 - 14 = CS3(V4 - V3) + CP4V4 + CS4(V4_ - Vs) (31)
Lis—I = Csn—l(Vn - Vn—l) + Cann + CSnVn
Esitlik 32°de ise denklem takimi matris halinde
verilmigtir.
[-BT1 111 = [C1[V] + [F1V, (32)

Esitlik 31°deki matrisin tiirevi alinarak (Esitlik 33) [i ]
matrisi yalniz birakilir (Esitlik 34) ve Esitlik 30°daki
yerine konur (Esitlik 35).

[-BT][i] = [C1[V] + [F]V, (33)
[i] = -[B"17* [C[V] - [BT]*[F] V} (34)
[Alv, + B1VI

=[] ([-B"1~* [CI[V] + [-BT][F] V;) (35)
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[V] matrisi yalniz birakilarak LC devresinin ¢oziimii
elde edilir (Esitlik 36). Bu denklem Runge-Kutta-
Nystrom yontemi ile kolaylikla ¢oziilebilir.

V]

—[CIHBTIILI Al v, —

(36)
[CI* B I[LI~*[B] V] = [C]7*[F] V;
t=0 aninda [1]:
[V],_, = [CIF1 ;. (37)

olarak bulunur.

YAPILAN CALISMALAR (STUDIES)

- Modellemede Kullanilan Kuru Tip
Transformatoriin Ozellikleri (Specification of
Dry Type Transformer Used for Modelling)

Gii¢ : 1000 kVA

Gerilim : 22000/400 V

Yildirim darbe gerilimi : 125 kV

Sargi malzemesi : AL

Izolasyon malzemesi : Epoksi regine
Yiiksek gerilim bobini sarim sayisi : 1534
Yiiksek gerilim bobini alt sargt gruplart adedi
6 (4x 260 sarim + 2x247 sarim)

[letken 6lgiileri : 7mm x 2mm
Matematiksel Modelin Kurulmasi (Building A
Mathematical Model)

6.2.

Vi V2 Vs Vs Vs Ve

1.grup 2.grufr 3.grup 4.grup 5.grup 6.grup

Sekil 12- Modelde Kullanilan Tranformatériin Sargi Sarim
Sekli (Shematic of transformer’s winding
used in model)
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ﬁm 1. diiglim

CPl
i+ |1 V1
Csit L1 2. diigiim
Cr2
it |2 V2
Cs24 L2 3. diigiim
Crs
it |3 V3
Csa- Ls 4. diigiim
Cra
) TR
Csa Ls 5. diigiim
Crs
’ Is {V5
Css Ls 6. diigiim
Crs
ik IG V6
Css Ls

Sekil 13- Transformatérin LC Modeli (LC model of
transformer

6 alt sargi grubundan olusan transformatériin LC mo-
delinde 6 adet 6z endiiktans ve 30 adet ortak endiiktans
olmak tizere 36 adet L elemani, 6 adet seri kapasitesi ve
6 adet topraga karsi paralel kapasitesi mevcuttur.
Transformatoriin sarim sekli Sekil 12°de ve LC modeli
Sekil 13°de verilmistir.

6.2.1.

Parametrelerin her biri 4. bolimde verilen analitik
yontemler ve SEY ile hesaplanmistir. Endiiktans
parametrelerin analitik hesaplama sonuglar1 Cizelge
1’de, sayisal hesaplama sonuglari ise Cizelge 2’de
verilmistir. Analitik ve sayisal hesaplamalarda elde
edilen sonuclarin  birbirine ¢ok yakin oldugu
goriilmektedir. Buna bagli olarak, endiiktans
degerlerini daha kisa siirede hesaplayabilmek icin SEY
yerine analitik yontemi kullarak dogru sonuca ulagmak
miimkiindiir.

Parametreler (Parameters)

Cizelge 1- Analitik Yontemlerle Hesaplanan Endiiktans
Degerleri (Inductance values calculated by
the analytical methods)

mH | L, |L, |Ls |L, |Ls |Lsg
L, |41,2 | 125 | 401 | 1,66 | 0,78 | 0,44
L, |1255 |412 | 125 |401 |16 |08

L, |40l | 125 | 412 | 125 | 3,87 | 1,65
L, |166 |40l |125 | 412 |121 | 4,01
Ls |078 |16 |387 |121 |380 | 117
Le |044 |08 |165 |401 | 11,7 | 38,0
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Cizelge 2- Sayisal Yontemlerle Hesaplanan
Endiiktans Degerleri (Inductance values
calculated by numerical methods)

mH L, L, Ls L, Ls Lg

L, 40,3 | 12,6 | 4,01 | 1,66 | 0,78 0,45
L, 126 |40,3 | 126 | 4,02 |16 0,8

Ls 401 | 12,6 | 40,3 | 12,6 | 3,88 1,65
L, 166 |402 |126 |40,3 | 1222 | 4,04
Ls 0,78 | 1,6 3,88 | 12,3 | 37,1 11,9
Lg 045 |08 165 (4,04 | 119 37,1

Cizelge 3 ve 4’ten de goriilecegi gibi kenar etkisi
nedeniyle C, parametresi i¢in analitik hesaplamalar ile
sayisal hesaplamalar arasinda farkliliklar meydana
gelmektedir. iletken kenarlarimin kapasiteye olan
katkis1 analitik hesaplamalarda dahil edilememektedir.
C, parametresi i¢in analitik ve sayisal hesaplamalardaki
farkliliklarin kaynagi ise koseleri yuvarlanmig iletken
kullanilmasidir.  Koseleri  yuvarlanmigs  iletken
kullanilmas1 nedeniyle iki iletken arasi ortalama mesafe
artmugtir. Koseleri yuvarlak ve ortasi diiz iki elektrodun
kapasitesinin hesaplanmasi analitik yontemle tam
olarak miimkiin olmadigindan analitik hesaplamalarda
elektrod yiizeyleri diizlem kabul edilmis ve bu nedenle
de kapasite degerleri sayisal hesaplamalara gore yiiksek
cikmugtir.

Cizelge 3- Analitik Yontemlerle Hesaplanan Kapasite
Degerleri(Capacitance values calculated by
analytical methods)

(pF) l.grup | 2.grup | 3.grup | 4grup | 5.grup | 6.grup
Cp 22,2 22,2 22,2 22,2 21,1 211
Cs 375,3 375,3 3753 375,3 355,2 355,2

Cizelge 4- Sayisal Yontemlerle Hesaplanan Kapasite
Degerleri(Capacitance values calculated by
numerical methods)

(pF) 1.grup| 2grup| 3.grup | 4.grup | 5.grup | 6.grup
Cp 362 |362 |362 36,2 39,74 | 357
Cs 3718 | 3718 | 3718 | 3718 | 3519 | 3519
6.2.2.  Gerilim dagihm (Distribution of voltage)

Analitik ve sayisal parametre hesaplama sonuglar1 ve
Esitlik 35 kullanilarak Sekil 14°te diigiim noktalarinin
topraga kars1 gerilim dagilimini verilmigtir. V, gerilimi,
uygulanan gerilim olup analitik ve sayisal hesaplama-
larda aymidir. Sekil 13°de verilen diigim noktalarina
gore grafikler elde edilmis; gerilimler, diigiim numarasi
ve analitik parametrelerden elde edilen grafikler a harfi
ile, sayisal hesaplamalardan elde edilenler ise s harfi ile
ifade edilmistir. Diiglim noktalarindaki gerilimlerin en
yiiksek degerleri test geriliminin en yiiksek degerini
agsmamaktadir. Bobinin diigiim noktalarindaki topraga
kars1 zorlanmalar standartta belirtilen gerilimin
zorlanmasindan daha azdir.

Kat sargi sarim teknigine gore sarilmis olan bir kuru tip
transformatdriin sargilarin arasindaki gerilim dagilimi
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analitik ve sayisal parametrelere gore elde edilmistir.
Bu verilere gore bobinin i¢ yapisindaki gerilim
dagiliminin  V; kaynak geriliminden farklilastig
goriilmektedir. Bobinlerin sarg: igerisindeki konumuna
gore diigiim noktalarindaki gerilimler daha yiiksektir.
Ornegin lineer gerilim dagihminda V3  diigiim
noktasinin  gerilimi en yiiksek 0,66 pu olmasi
gerekirken sayisal hesaplamalarda 13,4 ps aninda 0,682
pu degeri elde edilmistir. V; kaynak gerilimi dogrusal
iken bobinlerin icerisindeki gerilim dagiliminda
osilasyon meydana gelmektedir.

1

0.8

Gerilim (pu)
<3

I
Y

0.2f

0 1 2 3 4 5

Zaman (sn) x10°
Sekil 14- Yildirm Darbe Geriliminin Alt Bobinlerdeki
Dagihmi  (Lightning  impulse  voltage

distribution in the sub-coils)

Sekil 15’te diigim noktalarinin birbirleri arasindaki
gerilim  farklart  verilmistir.  Bobinlerin  diigiim
noktalarindaki gerilimler birbirlerine gore lineer olarak
dagilmaktadir. Bu nedenle bobinler arasindaki
zorlanmalar  i¢in  6zel Onlem almaya  gerek
kalmamaktadir. Gerilim dagilimmin egiminin bazi
bobinler arasinda biiylk olmasi yani lineer
dagilmamasi durumunda ilgili bobinlerde elektriksel
zorlanma daha biiyiik olacagi igin ayrica onlemler
almmas1 gerekmektedir. Model transformatérde bobin
izolasyonun test gerilimine gore tasarlanmasi izolasyon
dayaniklilig1 agisindan yeterlidir.

~1. diigiim’ ~ Analitik|
N . - Sayisal

08 e k‘/2. diigiim ]
E : i
= . dugum
Ros Vi
E 4. diigiim
L3 0.4+ 4
© 5. diigiim

/
0.2 L
6. diigimr
1. bobin 2. bobin 3. bobin 4 bobin 5. bobin 6. bobin
Sekil 15- 1usn Aninda Diigiimlerdeki Gerilimin

Dagilimi (Voltage distribution in the nodes
at lusec)

7. SONUC (RESULT)

Kat sarg1 yontemi ile sarilmis epoksi regineli kuru tip
transformator bobinindeki gerilim dagilim incelemesi
sonucunda bobine ait LC devresinin analizi i¢in L ve C
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parametreleri analitik ve sayisal olarak hesaplanmistir.
Elde edilen sonuglardan analitik hesaplamalarin sayisal

hesaplamalarla

tutarli oldugu goriilmektedir. Bu

parametreler ile devrenin diigiim gerilimleri analizi
literatlirde yer alan yontemle yapilarak bobin igerisinde
gerilim dagilimi incelenmistir.

Bu caligma ile kat sargili kuru tip transformatdriin YG
bobini igerisindeki yildirim darbe analizi yapilarak
darbe geriliminin bobinin icerisinde meydana getirdigi
gerilim zorlanmalar tespit edilmistir.
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ABSTRACT

This study deals with the design and thermal performance modeling of aluminum foam open cell heat exchangers by making use
of experimental data where the aluminum featuring different numbers of pores per inch (PPI) was used and the modeling was
based on the Artificial Neural Networks (ANN) method. The open celled aluminum foams with 10, 20 and 30 PPI features were
shaped into heat exchangers. The heat exchangers were placed into a rectangular groove then hot water was circulated within the
heat exchanger tubings and cold air generated from a fan was blown over the tubings at varying rates. For every heat exchanger,
the variations of Reynolds number with Nusselt number, pressure drop with air speed, and friction with Reynolds number were
presented on graphs. By making use of the experimental data, ANN modeling was carried out for materials with 10, 15, 20, 25
and 30 PPI porous densities. The ANN input parameters for the developed system were Thin, Tcin, Thinw» U @nd PPI, whereas the
output parameters were chosen to be Tpou, Teouts Thoutw @nd AP. When the results from the Artificial Neural Networks were
analyzed and compared with the experimental results, it was found that a close correlation exists between the two. With the result
of this study, it becomes clear that the Artificial Neural Networks numerical modeling can be safely applied to aluminum foam
heat exchangers.

Keywords: Aluminum foam, heat exchanger, performance, artificial neural network

Acik Hiicreli Aliminyum Kopiigiin Is1 Degistiricisi
Olarak Tasarimi ve Isil Performansinin Yapay Sinir
Aglar1 Yontemi ile Modellenmesi

0z

Bu ¢alisma, deneysel verilerden yararlanilarak farkli pp1 6zelliklerine sahip agik hiicreli aliminyum kopiigiin 1s1 degistiricisi
olarak tasarimi ve 1s1l performansinin yapay sinir ag1 (YSA) ile modellenmesi iizerinedir. PPI 10, 20 ve 30 6zelliklerine sahip
acik hiicreli aliiminyum kopiikler, 1s1 degistirici formuna getirilmistir. Is1 degistirici bir kanala yerlestirilerek i¢inden sicak su
gecirilip, lizerine bir fan yardim ile degisen debilerde hava tiflendi. Her 1s1 degistirici i¢in; Reynolds - Nusselt, Etkenlik — Hiz,
Basing diisimii — Hiz ve Siirtinme - Reynolds sayist degisimleri incelendi. Deneysel veriler kullanilarak 10, 15, 20, 25 ve 30 PPI
gozenek yogunluklart icin YSA modellemesi yapilmistir. Gelistirilen sistemde YSA uygulanan giris parametreleri Thin, Tein,
Thinws U ve PP, ¢cikis parametreleri ise Thout, Teouts Thoutw V€ AP seklindedir. YSA’dan elde edilen sonuglar ile deneysel verilerin
istatiksel analizleri yapilip mukayese edildiginde, iki grup verinin uyumlu oldugu tespit edilmis ve aralarinda anlamca fark
olmadig1 goriilmiistiir. Bu c¢alismanin sonucu Yapay Sinir Aglarinin aliimniyum kopiik 1s1 degistiricilere giivenli bir sekilde
uygulanabilecegini agik¢a gdstermisdir.

Anahtar Kelimeler: Aliiminyum kopiik, 1s1 degistirici, performans, yapay sinir ag

1. INTRODUCTION (GIRIS) good stiffness and strength, as well as enhanced flow

Materials with cellular nature are among the most Mixing capability. With the advancing technology, these
important  improved  surfaces due to their ~Materials can find diverse application areas including
multifunctional features. Some of these valuable De€ing used as heat exchanger materials ( as used in this

features are improved heat transfer area to volume ratio, ~ Study); used in combustion chambers and cryogenics, as
cladding materials on structures, used for strain

isolation, geothermal operations, petroleum reservoirs,
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catalytic beds, compact heat exchangers for airborne
equipment, air-cooled condensers for air conditioning
and refrigeration systems, and as compact heat sinks for
power electronics [1]. The use of open-cell metal foams
has been widely increasing given by its diverse
properties in various areas including aerospace,
electronics and automotive among others. They are a
relatively new class of materials with very promising
applications in which their low densities and other
thermal, mechanical, electrical and acoustical properties
make them an excellent means of performance
improvement [2]. Sertkaya et al. carried out a study on
experimental investigation of thermal performance of
aluminum finned heat exchangers and open-cell
aluminum foam heat exchangers. They found that for
both types of heat exchangers, as the velocity of
refrigerant increases, the effectiveness drops and
pressure loss increases. They also found that the
effectiveness was higher at lower Reynolds numbers. It
was found that aluminum fin heat exchangers transfer
more heat than their aluminum foam counter parts [3].
Babcsan at al. conducted a study on thermal and
electrical conductivity measurements of aluminum
foams [4]. Dukhan and Quinones carried out a
convective heat transfer analysis of open cell metal
foam for solar air heaters [5].

Artificial neural networks (ANN), can be described as a
mathematical model that tends to be influenced by the
structure and /or functionalities of biological neural
networks. The ANN is composed of interrelated groups of
artificial neurons, which excute and transfer information
using a connectionist approach to computation. Generally
speaking, ANN is an adaptive system that changes its
structure on the basis of external or internal information
conveyed within the network during the learning phase.
Nowadays, the neural networks encountered tend to have
statistical data modeling tools with a non-linear nature.

il L

Ismail et al. investigated design and optimization of an
Atkinson cycle engine with the Artificial Neural
Network Method [7]. S6zen et al. studied Solar-energy
potential in Turkey. They investigated meteorological
and geographical data developed to determine the solar-
energy potential in Turkey using artificial neural-
networks (ANNS) [8].

In this study, aluminum foams with varying PPI features
were shaped into heat exchangers and experimental data
were used to model their thermal performances by using
Artificial Neural Networks. The experimental data were
used to carry out the ANN modeling for samples with
PPI values of 10, 15, 20, 25 and 30. The obtained
numerical results were closely compatible with the
experimental data.

2. EXPERIMENTAL STUDY (DENEYSEL
CALISMA)

The experimental setup used in this study is illustrated in
Fig. 1. In this study, heat capacity of open cell aluminum
foam heat exchangers were examined experimentally for
the best thermal performance. Three different heat
exchangers were investigated, where open-cell
aluminum metal foams with 10, 20 and 30 pores per
inch (PPI) and the dimensions of 200x200x100 mm
acted as cooling fins. Each heat exchanger contained 18
tubes of 10 mm diameter that were used as passages for
hot water. These tubes were imbedded in the aluminum
foam to create three parallel passages. During the tests, a
fan was used to blow cold air at variable flow rates over
the heat exchangers in the experimental channel. The
surface areas per unit volume ¢ of these materials were
1200, 1500 and 1800 m?/m® for PP 10, PP 20 and PP 30
types, respectively. Each heat exchanger with 6 parallel
pipes forms a trajectory such that the coolants follow an
S-curve. After insertion, the aluminum pipes were blown
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Figure 1. Experimental set-up (Deney diizenegi)

They are usually used to model complex relationships
between inputs and outputs or to find patterns in data [6].

up to allow a good contact surface with the foam. In
each system, water was used as hot fluid and air as cold
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fluid. A pump was used to maintain water circulation in
and out of tank. When water had reached a desired
temperature value, air which was controlled with an
inverter, was blown across the heat exchangers. The air
velocities were set between 0,5 m/s and 5,5 m/s and
adjusted by varying the air speed of the blowing fan.
Values obtained from the measurements of pressure,
velocity and temperatures were used in the calculations
[l

(1.Computer, 2.Digital manometer, 3.Termokuples,
4.Exchanger-test section, 5.Canal, 6.Digital flow meter,
7.Pump, 8.Water tank, 9.Water filling, 10.Electricity
board, 1l.air speed control, 12.Fan, 13. Heater,
14.Aluminum foams heat exchangers.)

2.1 Aluminum foam theory (Aliiminyum Kopiik
Teori)

In a porous medium, heat transfer between filaments is
through conduction while the transfer between the
filaments and the environment takes place by means of
convection method. The following equations were used
for plotting the graphs and offering necessary comments
from the study. Reynolds number (Re) can be given as
d,u

Re = h

1)
v

where u is air velocity, dy, is hydraulic diameter and v is

is kinematic viscosity of the air. d, can be calculated

from,

4A

P

where A is cross section area of the duct and P is wetted
perimeter of the duct.

Nusselt number (Nu) can be defined as follows:

dy = @

hah
- ©)
where h is heat transfer coefficient, k is thermal
conductivity. Convective heat transfer is expressed as

Nu =

follows
— | Thinw T, Tein + T,
qg=hA hinw © "houtw _ ‘cin cout @
2 2
a=h(zNd z)[Thi”W *Thoutw _Tein +T°°Ut) ®)
2 2

Similarly, the cold fluid receives heat expressed as
follows

(6)

S

z
T

= N u c T —T .
a pc T oo pc( cout cin

h has been defined as
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cin
where Nt is the number of cylinders in the transverse
direction of a bank, St is transverse pitch in a bank of
cylinders, N is the number of cylinders in a bank, d is
pipe diameter and Z is depth.

Friction factor (f) can be written as follows:
Ap

_Tcin

)

+Teout
2

()

Thinw +Thoutw )
2

f:

5 @)
Pcu

2

d

where, 4p, L, dh, p. and u, denote pressure drop,
channel length, diameter of the hydraulic cylinder, air
density and air speed, respectively.

2.2 Artificial Neural Networks (Yapay sinir Aglarr)

Artificial Neural Networks (ANN) is a generic name
given to scientific studies aimed at creating mathematical
model, capable of imitating human brain by taking into
account all angles of the human cells operating
mechanism. The ANN can be modeled to mimic the
human brain and its functional principles both in terms of
software and hardware.

ANNSs are systems in which the artificial neural cells are
interconnected to each other. Basically, this system is
composed of three layers, input layer, hidden layers and
output layer. The input layer is where the ANN data are
uploaded. The data entering this layer are not processed,
there is as many number of inputs as the artificial cells in
this layer. Hidden layers are responsible for the processing
of the data from the input layer. The number of layers to
be established varies from a problem to problem. The
number of layers is independent of the input and output
data. Every layer processes the data, and then conveys
them to the next layer. The number of cells in the hidden
layers can be more than one. Each cell is connected to all
cells in the previous layer. Input data is established into
every cell by multiplying the data from the previous layer
by the weights and taking their sum.

k—1,k k -1
ZW | +9] ©)

If logarithmic sigmoid is used as activation function, the
neuron output is then computed as follows:

1
olf =f (netk)z
J 1+ exp(—netl;)

J
is the output of the ith neuron of the (k-1)th

net K

(10)

k-1
where 0O;

k-1k . . . .
layer, Wij is the weight connecting the ith neuron of
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the (k-1)th layer to the jth neuron of the kth layer. HE'[;-(

k
and 0 j are the

respectively, for the jth neuron of the kth layer. The
output layer executes the data from the hidden layers
and converts them into suitable outputs. There is one
output for every single output cell. There are different
learning algorithms that can be applied to train a neural
network. The most popular of them is the back
propagation algorithm, which has different variants.
Standard back propagation is a gradient descent
algorithm. It is very difficult to know which training
algorithm will be the fastest for a given problem, and
the best one is usually chosen by trial and error. An
ANN with a back propagation algorithm learns by
changing the connection weights, and these changes are
stored as knowledge.

To calculate the error during the learning, the root-
mean-squared error (RMSE) is used. RMSE is defined

input and threshold values,

as follows.
12
1 g 2
RMSE = — . ‘a-—p-‘ (11)
n =l J
In addition, absolute fraction of variance (R?) and mean
absolute error (MAE) are defined as follows,
respectively:
n 2
> |aj - )
RZ _p| I i 12
Tl n, 2 (12)
>, (73)
=\
1 N
MAE = — § ‘a-‘- ‘p‘ (13)
n - J J
=1
Mean relative error (MRE,%) may be written as:
1N a: — p -
MRE (%) == ¥, [100x— -1 (14)
n JZl aj

where g; is the actual value and p; is the predicted value

respectively.
X=X .

X = min

N x —x |
max min

where Xy is the normalized value of a variable, x is a real
value in a parameter, Xy and X, are the maximum and

(15)

minimum values of x, respectively. Obtained statistical
results for testing parameters are illustrated in Table 1.

3. RESULTS (SONUCLAR)

In this study thermal performance modeling of open
celled aluminum foam heat exchangers was investigated
by using the Artificial Neural Networks where the foams
used possessed 10, 15, 20, 25 and 30 PPl pore density
features. The study benefitted from experimental data
where even the values within the 15 PPl and 25 PPI
range were applied to the ANN. Fig 2 shows the ANN
model for the problem.

Hidden Layer
Input Layer

Output Layer

Thin

Figure 2. ANN architecture (YSA ag1)

As seen on Fig.3, the correlation value, R produced by
the ANN is 0.98614.

This shows that this problem can perfectly be applied to
the Artificial Neural Networks at the given value.

Training: R=0.98614
1 T T

[ Data [o'S
0.9 Fit =
fffffff Y =T ,’
0.8
~ <
= 0.7
=
= 06
=
= .
g o0& £
< L&)
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o]
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Figure 3. Comparison of test data with experimental and ANN

results (Deneysel ve YSA sonuglari ile deney

verilerinin karsilagtiriimast

Table 1. Obtained statistical results (Elde edilen istatistik sonuglar)

RMSE MAE R? MRE
Thout 0,9861 0,0143 0.9725 0,2300
Tcout 1,2662 0,01397 1.6711 0,3568
Thoutw 1,8263 0,0311 3.3356 1,0749
Ap 0,0062 4,19E-06 3.88E-05 8,2380
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Figure 4. Comparison of the variation of Reynolds number
with Nusselt number for the experimental and
ANN results under PPI features of 10-20-30 (PPI
10,20 30 i¢in deneysel ve YSA sonuglarina gore
Nusselt  -Reynolds sayisinin  degisiminin
karsilastirilmasi)

In Fig. 4, the variation of Reynolds number with Nusslt
number for open celled aluminum heat exchangers with
10, 20, 30 PPl features is plotted, where the
experimental results and those obtained from the ANN
are shown on the same graph. As the porous density
increases, the distance covered by air (cold refrigerant)
between the heat exchanger entrance and exit, increases
too. This situation maintains longer contact between the
hot and cold fluid. Moreover; as the porous density
increases, the surface area per unit volume increases as
well. The increase in Nusselt number indicates that the
heat transfer rate increases [3,10]. The best heat transfer
occurred with PPI feature of 30, and then successively
followed by 20 PPI and 10 PPI. In three heat exchangers
dealt with in this study, it was found that the Reynolds
number increases with the Nusselt number. In addition;
the study found out that the experimental results cope
well with the results obtained with the artificial neural

networks method.
12000
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A20 PPI
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Z 6000

¥ 30 PPI
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0 10000 30000 40000 70000 80000

Re
Variation of Re number with Nu number based on
th ANN data (YSA wverilerine gore Nu -Re
sayisinin degisimi)

20000 50000 60000

Figure 5.

Fig. 5. Shows the relationship between Reynolds
number and Nusselt number with respect to the ANN
data. The ANN was applied for PPl values of
10,15,20,25 and 30 by making use of the experimental

data. The graphs obtained showed that as the Reynolds
number increases, so does the Nusselt number.
According to the ANN results, the graphs plotted tend to
show similar trends with those drawn from experimental
data [3,10,11]. The correlation equations between
Reynolds number and Nusselt number for the graphs
drawn based on the ANN data are presented in Table 2.

Table 2. Reynolds — Nusselt correlation equations
(Reynolds - Nusselt korelasyon denklemleri)

Material  correlation equation (&, ) R? (%)
10 PPI Nu= 4.447 Re%%1" 97.06
15 PPI Nu= 8.475 Re®*"™ 98.71
20 PPI Nu= 1.8184 Re® "% 98.89
25 PPI Nu= 1.2139 Re*#1% 99.26
30 PPI Nu= 1.0399 Re#% 99.44

012
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Figure 6. Variation of air speed with pressure drop on the

basis of ANN data (YSA verilerine gore basing
diisiisti ile hava hiz1 degisimi)

In Fig. 6, the curves showing variation of pressure drop
per unt length with air speed in the aluminum foam heat
exchangers are shown. The curves have been drawn by
using the ANN data. It is clear that as the porous density
level increases the pressure drop becomes more acute.
On the other hand, as the surface area per unit volume
increases the pressure loss increases as well. The
highest pressure loss was observed at the porosity of 30
PPI while the least pressure loss occurred at the porosity
of 10 PPI. On top of that, for all the heat exchangers
considered, it was found that the increase in the air
speed leads to corresponding increase in the pressure
drops and that at higher air speeds this increase becomes
quite substantial. The results of ANN are compatible
with experimental references in literature [2,3,12]. The
correlation equations between pressure drop per unit
length with pressure drop for the graphs drawn with
respect to the ANN results are given in Table 3.
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Table 3. Correlation equations between pressure drop and air
speed (Basing diisiisii ve hava hizi arasindaki
korelasyon denklemleri)

Table 4 Correlation equations for Reynolds number with
frictional factor (Siirtiinme faktorii-Reynolds sayisi
icin korelasyon denklemleri)

Material Correlation equation R? (%)
(Ap /L)

10 PPI (AP /L)=0.0019 ¢>**#2Y 98.90

15 PPI (AP /L)= 0.0022 ¢*>*¥¢Y 98.85

20 PPI (AP /L)= 0.0029 ¢*>°"4Y 97.08

25 PPI (AP /L)=0.0043 %54V 94.67

30 PPI (AP /L)=0.0119 %3846V 97.78

The variation of frictional factor with Reynolds number
drawn on the basis of ANN data is shown on Fig. 7. It is
seen that friction is higher on areas with higher porous
densities and decreases as the porosity becomes low.
The maximum frictional loss was recorded at the PPI
value of 30 and the minimum occurred at porous density
value of 10. In all the heat exchangers, the frictional
losses were higher on low Reynolds numbers and vice
versa. The higher frictional values on higher porous
densities are due to the narrowed inter-distances among
the filaments and the long way taken by the cold fluid
during circulation. The ANN results again proved to be
consistent with experimental studies [2,3,10]. Table 4
shows the correlation equations for the variation of
Reynolds number with frictional factor belonging to the
graphs plotted with the ANN data.
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-

*x @ P> ¢ B

0,0003

0,0002

0,0001

0

0 10(;00 20(;0() 30600 40600 50600 60(I)00 70600 80000
Re
Figure 7. Variation of frictional factor with Reynolds number
based on ANN data
(YSA verilerine gore Reynolds sayisi siirtiinme katsayisi

degisimi)

Material Correlation equation (Ap /L)  R?
(A
10 PPI f = 2E-14 Re? - 2E-09 Re + 0,0001 ;6/1\7
15 PPI f=3E-14 Re? - 3E-09 Re + 0,0001  95.19
20 PPI f=2E-14 Re? - 3E-09 Re + 0,0002  96.38
25 PPI f=8E-14 Re? - 9E-09 Re + 0,0004  96.06
30 PPI f= 1E-13Re? - 2E-08Re + 0,0007 98.16
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4. DISCUSSION (TARTISMA)

This study has based on designing open cell aluminum
foam heat exchangers from experimental data featuring
different PPI properties of the material and usage of the
artificial neural networks (ANN) to model thermal
performances of the designed heat exchangers. The
modeling was made based on experimental data for
materials with PPI values of 10, 15, 20, 25 and 30. The
results found are summarized below:

» Reynolds number increases with the Nusselt
number. An increase or decrease in Nusselt
number is an indication of the amount of heat
transferred. The highest Nusselt number occurs at
the PPI value of 30 whereas the lowest takes place
at 10 PPI. As the porous density (PPI) increases,
the heat transfer rate increases too (Figs. 4-5).

» In the open celled aluminum foam heat
exchangers, when the porous densities increase the
pressure losses increase. The maximum pressure
loss occurs at 30 PPl while the minimum is
recorded at 10 PPI. An increase in air speed leads
to a corresponding increase in the pressure loss
which becomes intensive at higher air speeds (Fig.
6).

» The frictional losses in the aluminum foam
heat exchangers increase with the increasing
porous density values. Maximum frictional loss
occurs at 30 PPI with the minimum loss recorded
at 10 PPI. Air speed and frictional loss seem to
have inverse proportional relationship in which the
increase in air speed causes a decrease in the
frictional loss; and at higher air speeds the
frictional loss becomes much less (Fig. 7).

When the results from the ANN model are analyzed and
compared with the experimental results, it is found that
the two indicate a consistent common result. With this
study, it has been shown that the ANN can be reliably
used for analyzing aluminum foam heat exchangers and
the ANN modeling can be applied without necessitating
numerous experimental studies.



DESIGNING OF OPEN CELL ALUMINUM FOAM HEAT EXCHANGER and MODELLING of ... Politeknik Dergisi, 2016; 19 (1) :31-37

REFERENCES (KAYNAKLAR)

1.

Mancin, S., Zilio, C., Cavallini, A., Rossetto, L., “Heat
transfer during air flow in aluminum foams”, Int. J. Heat
Mass Transfer, 53:4976-4984, 2010.

Angel, R., Hernandez, A., “Combmed Flow And Heat
Transfer Characterization Of Open Cell Aluminum
Foams”, Mechanical Engineering, and University Of
Puerto Rico, Mayagiiez Campus, 2005.

Sertkaya, A.A., Altimisik, K., Dinger, K.,
“Experimental investigation of thermal performance
of aluminum finned heat exchangers and open-cell
aluminum foam heat exchangers”, Experimental
Thermal and Fluid Science, 36:86-92, 2012.

Babcsan, N., Meszaros, 1., Hegman, N., “Thermal and
Electrical Conductivity Measurements on Aluminum
Foams”, Werkstofftech, 34:391-394, 2003.

Dukhan, N., Quinones, P., “Convective Heat Transfer
Analysis of Open Cell Metal Foam for Solar Air Heaters”,
Proceeding International Solar Energy Conference,
Hawaii, USA, 2003.

37

10.

11.

12.

http://www.princeton.edu/~achaney/tmve/wiki100k/docs/A
rtificial_neural network .html (access 2014).

Ismail, H. M., Ng, H. K., Queck, C. W., Gan, S., “Design
and optimization of an Atkinson cycle engine with the
Artificial Neural Network Method”, Applied Energy,
92:861-868, 2012.

Sozen, A., Arcaklioglu, E., Ozalp, M., Kanit, E. G.,
“Solar-energy potential in Turkey”, Applied Energy,
80:367-381, 2005.

Sertkaya, A. A., “The Production Of Aluminum Foam As
Heat Exchanger & Heat Transfer Modeling, Ph.D.
Thesis”, Department of Mechanical Engineering,
Graduate School of Natural and Applied Sciences,
Selcuk University, Konya, Turkey, 2008.

Kurtbas, I., Celik, N., Dincer, 1., “Exergy transfer in a
porous rectangular channel”, Energy, 35:451-460, 2010.
Lu W, Zhao C.Y, Tassou S.A., “Thermal analysis on
metal-foam filled heat exchangers Part I: Metal-foam
filled pipes”, International Journal of Heat and Mass
Transfer, 49:2751-2761, 2006.

http://www.m-pore.de (Access 2014).



http://www.princeton.edu/~achaney/tmve/wiki100k/docs/Artificial_neural_network%20.html%20(access%202014
http://www.princeton.edu/~achaney/tmve/wiki100k/docs/Artificial_neural_network%20.html%20(access%202014
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&ved=0CC4QFjAB&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F03062619%2F92&ei=dgHsUu6sGeL_ygOv2YK4DA&usg=AFQjCNE1FxloCOXzxjH58qnwPrbJUV9cVA&bvm=bv.60444564,d.bGQ
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&ved=0CC4QFjAB&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F03062619%2F92&ei=dgHsUu6sGeL_ygOv2YK4DA&usg=AFQjCNE1FxloCOXzxjH58qnwPrbJUV9cVA&bvm=bv.60444564,d.bGQ
http://www.m-pore.de/

Politeknik Dergisi, 2016; 19 (1) : 39-51 Journal of Polytechnic, 2016; 19 (1) : 39-51

Siber Giivenlik Yatirim Kararlar: Uzerine Literatiir
Incelemesi

Hakan SENTURK?*, Celal Zaim CiL** ve Seref SAGIROGLU***
*Kara Harp Okulu Savunma Bilimleri Enstitiisii, Ankara
** Cankaya Universitesi Elektronik ve Haberlesme Miihendisligi Boliimii, Ankara
*#* Gazi Universitesi Bilgisayar Miihendisligi B&liimii, Ankara
(Gelis / Received : 01.04.2015 ; Kabul / Accepted : 02.06.2015)

0z

Karmagikligr ve sikligi her gecen giin artan siber saldirilarin yol agtig1 yiiksek ekonomik zararlar ile bu saldirilara karsi koruma
saglayan ¢ok sayida siber giivenlik teknolojisi tiriinlerinin yatirim alternatifi olarak sunuldugu giivenlik sektorii, alanda yapilan
calismalarin odak noktasini siber giivenligin ekonomik boyutuna yoneltmistir. Kisith kaynak sartlari altinda siber giivenlik
yatirim kararlarinin verilebilmesine yonelik kullanilabilecek yontemlerin belirlenmesi ihtiyact 6ne ¢ikmustir.

Bu calismada siber giivenlik yatirim kararlarinin verilmesi siirecinde uygulanabilecek yatirim stratejileri, siber giivenlik
risklerinin belirlenmesi ve dl¢iilmesi, giivenlik saldirilarinin maliyet ve etkisinin 6l¢iilmesi, giivenlik teknolojilerinin etkinliginin
Olciilmesi ve giivenlik yatirimlarmin en uygun seviyesinin belirlenmesi olmak {izere bes kategoride alanda son onbes yilda
yapilan akademik c¢aligmalar incelenmis, literatiirdeki bosluklar ortaya konularak sonraki arastirmalara yon verilmesi
amaglanmustir.

Anahtar Kelimeler: Siber giivenlik ekonomisi, giivenlik yatirimi, yatirnm kararlari, karar analizi, oyun teorisi, reel

opsiyonlar

Literature Review on Cyber Security Investment
Decisions

ABSTRACT

Severe financial losses incurred by cyber security attacks with increasing complexity and frequency, as well as booming cyber
security sector offering variety of products as investment options have led the focus of the research in the field to the economic
dimension of cyber security. The need for determination of methods to be used when making cyber security investment decisions
under budget constraints have become prominent.

In five sections as the cyber security investment strategies, risk identification and measurement, attack costs and impacts
calculation, measurement of technology effectiveness and determination of optimum level of cyber security investments, this
study reviews and evaluates the academic literature on economic aspects of cyber security for the last fifteen years and aims to
provide research directions by pinpointing literature gaps.

Keywords: Cyber security economy, security investment, investment decisions, decision analysis, game theory, real
options

1. GIRIS (INTRODUCTION) Agustos 2003°te ¢ikan Blaster solucani, ilk haftasinda
1990'Iu yillarin basit viriis yazilimlariyla baslayan siber yarim milyon bilgisayara bulagnus, isletme basina 475
saldirilarin, giiniimiizde gelismis, hedefli kalici tehdit  bin dolar maddi kayip verdigi agiklannustir [1]. “I Love
(Advanced Persistent Threat, APT) saldirilar1 6rneginde You” ve “Love Bug” viriislerinin, dﬁnya (;aplnda 10
goriildiigli gibi karmagikligim ve ekonomik etkisini  milyar dolar, My Doom isimli truva atinin 4.8 milyar
artirdig1 bilinmektedir. Bu durumun getirdigi en biiyiikk ~ dolar, Nimda solucan yaziliminin ise yaklasik 3 milyar
zorluk, altyapimin glivenliginin saglanmasi, ekonomik  dolar maddi zarara yol actigi tahmin edilmektedir
yansimasi ise giivenlik i¢in gerekli en uygun yatmm  [2].2010 yilinda Symantec ve Ponemon Enstitlisi
maliyeﬂerinin belirlenmesi ihtiya(nd]r. Bu ama(;tan yola tarafindan hazirlanan ve 15 farkli sektorden 51 farkli
cikarak, bu calismada siber giivenligin ekonomik  firmanin katildigi sizma maliyetleri raporunda firma
boyutu {iizerine alanda yapilan akademik caligmalar basma 2010 yili yillik ortalama kayip tutarinin 7,24
incelenmistir. milyon dolar oldugu rapor edilmistir [3]. Ponemon
Siber giivenligin ekonomik boyutunun biiyiikligii Enstitiisii tarafindan 2012 yilinda yapilan ¢alismada ise,

hakkinda birkac 6rnek vermek yerinde olacaktir. son ti¢ yilda haftalik basarili siber saldir1 sayist
ortalamasinin ~ 50°den  102’ye  ¢iktigi, ortalama
* Sorumlu Yazar (Corresponding Author) saldirilardan kurtarma siiresinin 14’den 24 giine ¢iktig1,
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firma basma yillik ortalama kayip maliyetinin ise 6,5
milyondan 8,9 milyon dolara ¢iktig1 belirtilmistir [4].

Bu verilerden de goriilecegi tizere, siber gilivenligi
elektronik ve bilgisayar bilimi yaninda ekonomik agidan
da ele almak bir zorunluluk haline gelmistir. Nitekim
Anderson, bilgi giivenligini, finansal agidan ¢dziimii zor
bir problem olarak tanimlamaktadir [5]. Artik bilgi
giivenligi probleminin odak noktasi teknik olarak neyin
yapilabileceginden, neyin ekonomik olarak en uygun
oldugu noktasna kaymaktadir. Mevcut durumda bu
alandaki mevcut ¢alismalar yetersiz kalmaktadir [6,7].
Bu ¢alismanin amact; siber giivenligin ekonomik boyutu
ve siber gilivenlik yatirim Kkararlarinin en uygun
seviyesinin belirlenmesine yonelik, alanda son on bes
yilda diinyada yapilan akademik ¢alismalarin
incelenmesi ve siber giivenlik ekonomisi alaninda
arastirma yapilabilecek konulara dikkat ¢ekilmesidir.

Siber giivenlik ekonomisi alaninda yapilan ¢aligmalar,
temel olarak ti¢ konuyu ele almaktadir [8]:

Giivenlik  saldirilarinin/sizmalarin - gergeklesme
sikligi: Saldirilarin sikligini olusturan gdstergelerin
belirlenmesi.

Giivenlik  saldirilarinin/sizmalarim  maliyeti:  Bir
saldirinin maliyetinin tahmin edilebilmesine yonelik
problemin ¢oziimii.

Siber giivenlik teknolojilerine yapilan yatirimlar:
Belirlenen giivenlik sistemlerinin tedarik edilmesi,
kurulumu, bakim ve idamesi ile kullanilmasina
yonelik harcama diizeyinin belirlenmesi.

Benzer sekilde Su, siber giivenlik ekonomisi alanindaki
mevcut literatiir ¢aligmalarin1 su ii¢ kategoride
toplamustir [9]:

e Giivenlik saldirilarmin  maliyet ve etkilerinin
Ol¢iilmesi
e Giivenlik teknolojilerinin fayda ve etkilerinin

Ol¢iilmesi

Giivenlik  yatirimlarinin
belirlenmesi.

optimum  seviyesinin
Bu calismada, yukarida Su tarafindan belirtilen g
kategoriye ilave olarak, siber giivenligin bir risk
yonetimi  disiplini oldugu [10] ve yatirimlarin
ekonomikliginin  analizinde  isletme  risklerinin
yonetilmesinin gerekliligi diisiincesinden yola ¢ikarak,
“giivenlik risklerinin belirlenmesi ve 6l¢iilmesi” ve siber
giivenlik yatirim stratejileri da dahil olmak {izere toplam
bes temel alanda inceleme yapilmistir.

2. SIBER GUVENLIK YATIRIM STRATEJILERI
(CYBER SECURITY INVESTMENT
STRATEGIES)

Isletmelerin siber giivenlik yatirimlarma yaklagiminin
diger yatirnmlara olan yaklagimiyla ayni olmadigini
ortaya koyan ¢ok yaygin bir goriis bulunmaktadir [11].
Siber giivenlik yatirimlari, isletmeye dogrudan kar
getirmeyen yatirimlar: gibi goriilmektedir. Bir siber
giivenlik yatirimimin getirecegi fayda, ancak isletmeye
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tehdit teskil eden siber giivenlik risklerinin
indirgenmesine bagli olarak, aslinda bir siber saldiri
gerceklesmesi durumunda yasanacak maddi kaybin
distiriilebildigi deger kadar olacaktir. Bu nedenle,

yatirmin  degerlendirilmesindeki  6lgiit, diger
yatirrmlardan  farkli olarak, uygulanacak sistem
¢oziimiiniin ~ maliyeti  distildiigiinde, isletmeye
saglayacagi beklenen maddi kaybin azaltilmasi

yoniindeki marjinal fayda olacaktir [8].

Isletmelerin siber giivenlik yatirim kararlar1 igin
kullandiklar strateji, genellikle Sekil 1’de goriildiiga
tizere iki tlirlidir [11]:

e Yatinm icin gereken sabit bir biitge miktarinin
belirlenmesi.

o Siber giivenlik gereksinimlerini ve Onceliklerini
karsilamaya yonelik hedeflenen giivenlik seviyesinin
belirlenmesi.

Isletmeler, siber giivenlik yatirim karar siirecine, sabit
bir biitge belirleyerek ya da igletmenin giivenlik
onceliklerini kargilamaya yonelik giivenlik seviyesi
belirleyerek, diger bir deyisle, yatinm stratejisini
belirleyerek baslarlar. isletmelerle yapilan goériismeler
sonucu ortaya konulan raporlarda, sabit biitcenin
cogunlukla isletmenin Bilgi Teknolojileri biit¢esinin
belirli bir yiizdesi (genellikle %1-%15 arasinda)
tizerinden belirlendigi gorilmektedir [6,41]. Amag,
belirlenen sabit biit¢eyle isletme risklerini minimize
edebilecek teknolojileri edinecek giivenlik yatirimina
karar vermektir. Isletmenin giivenlik gereksinimlerine
odaklanan diger yatirim stratejisinde ise giivenlik
riskleri, oncelikleri ve hedeflenen giivenlik seviyesine
ulasabilmek igin gerekli yatirim miktar1 belirlenir.
Yatirim stratejisinin belirlenmesine etki eden i¢ ve dis
faktorler, isletmenin ig siirecleri gereksinimleri, dnceki
donem tecriibe edilen saldir1 olaylari, uyulmasi gereken
mevzuatlar, miisteri ya da tedarikgi talep veya kosullari
olabilir [11].

Yatinim Stratejisi
Faktdrler
(Danil Givenlik X Bitge
Harici) Seviyesi
. Bitce
Kaynaklar Uygulama Stratejisi Tahsis
Dahili, e
(H:nclil} Proaktif X Reaktif Sareci

Siber Govenlik Altyapisi

Sekil 1. Siber Giivenlik Yatirim Karar Siireci [11].
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Isletmenin yonetim seviyesinde belirleyecegi yatirim
stratejilerinin, genellikle uygulama stratejilerini  de
sekillendirdigi goriilmektedir. ki temel uygulama
stratejisi; siber saldirilarin  gerceklesmesinden sonra
isletmenin giivenlik agiklarinin giderilmesine yonelik
reaktif ve kapsamli risk analizleri sonucunda
gerceklesmesi muhtemel saldirilar1 dnlemeye yonelik
proaktif uygulama stratejileridir. Uygulama
stratejilerinin belirlenmesine etki eden bilgi kaynaklari;
isletme ici/dis1  gilivenlik  denetimleri, personel
deneyimleri, saldirilara yonelik isletme ici toplanan ya
da CSI/FBI, Ponemon, vb. enstitiilerin ¢alismalar

kapsaminda yayinlanan cesitli istatistiki veriler,
Ulusal/Uluslararasi en iyi uygulamalar, ISO standartlari
usulleri, miisteri gereksinimleri, iretici tavsiyeleri

olabilmektedir [11].

3. GUVENLIK RiSKLERINIiN BELIRLENMESI
VE OLCULMESI (IDENTIFICATION AND
MEASUREMENT OF SECURITY RISKS)

Isletmelerin  giivenlik  risklerinin  analizi  ve
degerlendirilmesi amaciyla nicel, nitel ve karma
teknikler kullanilmaktadir. Nicel tekniklerde risk sayisal
degerlerle ifade edilirken, nitel tekniklerde ise genellikle
diistik, orta, yiiksek gibi tanimlayici sifatlarla ifade
edilir. Karma tekniklerde ise her iki yontem de beraber
kullanilir. Kullanilan yontemler arasindaki en belirgin

fark risk karar degiskenlerinin belirlenme ve
hesaplanma farkliliklaridir. Kullanilan risk  karar
degisenleri en azindan asagidakilerden bir veya

birkagini kapsamaktadir [12]:

e Varligin degeri,

o Zafiyetin kotii amaglh kullanilma olasiligi,
o Etki seviyesi

Nicel tekniklerden en yayginlari, doérdiincii bolimde
aciklanacak olan Yillik Kayip Beklentisi metrigi,
Courtney, Livermore Risk Analizi Metodolojisi
(LRAM), ISRAM (Information Security Risk Analysis
Method), Stokastik Baskinlik teknigi, Hata Modlar1 ve
Etki Analizi (Failure Modes and Effects Analysis-
FMEA) yontemleridir [13]. Bu tekniklerin gii¢lii yani
isletmelere zafiyet altinda olan varliklarmi ve
degerlerini belirlemeye ve bu varliklar1 korumak igin
gerekli olan tedbirleri almaya zorlamasidir. Zayif yan
ise bu degerlerin hesaplanmasinda ihtiya¢ duyulan fazla
zaman ve iggiicii gibi zorluklar ve belirsizliklerdir [6].

Nicel yontemlerle birlikte kullanilan, risklerin
sayisallagtirilmas1 amactyla kullanilan teknikler Tablo
1’de gosterilmistir:

Tablo 1. Risk Sayisallagtirma Teknikleri [14].
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Sireg Yaklagimi Faktor Yaklagimi Aktlieryal Yaklagim

Sebep-Sonug Risk gostergeleri Ampirik kayip

Bayesian inanc Adlan dagimlan

Bulanik Mantik Sermaye Varlk | Gecmis  venn  tabami

Istatistik  Kalite Kontrol | fiyatlandirma madeli | bilgileri kullanilan

ve Glvenilirlik Analizi (Capital Asset Pricing | parametrik dadiimlar
maodel —CAPM)

Badlanti Tahminsel modeller Asin-Deger Teorisi

Sistem Dinamiklen

Risk analizinde kullanilan nitel teknikler ise, senaryo
analizi, beyin firtinasi, hata agact analizi (Fault Tree
Analysis-FTA), olay agac1 analizi (Event Tree Analysis-
ETA), neden-sonug analizi, olasilik ve etki matrisleri,
kontrol listeleri, bulanik metrikler, uzman goriislerine
basvurulan goériisme ve anket yontemleridir [6,15]. Bu
yontemlerin zayif yant uzman personelinin 6znel
goriiglerinden  faydalanilarak  belirlenen  risklerin
genellikle diisiik, orta, yiiksek vb. sayisal olmayan
degerlendirmeler igermesidir.  Genellikle bu tiir
yontemlerin kullanilmasi esnasinda ortaya ¢ikan farkli
algilar ve riskler arasindaki baglantilar, fayda maliyet
analizlerinde kullanilabilmek amaciyla olusturulan risk

matrislerinin hazirlanmasin daha da
karmasiklastirmakta, hatta imkéansiz kilabilmektedir
[16].

Glinlimiizde yaygin olarak bilinen ve ticari yazilimiyla
beraber kullanilan nitel yontemlerden birisi CRAMM
(United Kingdom Central Computer  and
Telecommunication Agency’s (CCTA) Risk Analysis
and Management Method)’dir. Yontem, BS7799
standard1 ile ve ITSEC ile tam uyumludur [17]. Nitel
yontemleri  kullanan bir diger yazilim Cobra
(Consultative, Objective and Bi-functional Risk
Analysis)’dir. Bu yontem de CRAMM gibi ISO 17799
uygunlugunu o6lgebilmektedir. Varliklar, tehditler ve
zayifliklar arasindaki iliskileri ve riskin bulundugu
ortam arasindaki baglantilart gostermek icin gorsel
diyagramlar (UML) kullanan bir diger nitel yontem ise
CORAS (Construct a platform for Risk Analysis of
Security Critical Systems)’dir [18]. OCTAVE (The
Operationally Critical Threat, Asset and Vulnerability
Evaluation) da yaygin olarak bilinen ve kullanilan bir
bagka nitel risk degerlendirmesi modeli ve aracidir [19].

Nitel ve nicel risk analiz ydntemlerinin avantaj ve
dezavantajlariyla birlikte ifade edildigi karsilastirmali
analiz Tablo2 ve Tablo 3’de goriilmektedir. Nitel
yontemler, genellikle wuzman degerlendirmelerine
dayandigindan uygulamasi daha basit olmaktadir. Nicel
degerlendirmeler ise risklere 0zgli ¢ofu zaman
ulasilmas1 zor istatistiki verilere ihtiyag duymakta,
ancak  kaliteli  verinin  bulunmasi  durumunda
uygulanabildigi takdirde gercege daha yakin sonuglar
verebilmektedir.
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Tablo 2. Nitel ve Nicel Risk Analiz Yo6ntemlerinin
Karsilagtirmali Analizi - Avantajlar [19].

Nicel Risk Analizi/ Nitel Risk Analizi/
Degerlendirmesi Degerlendirmesi

Olgiitler, hesaplamalar ve
elde edilen sonuglar;
nesnel, somut, bagimsiz
gozlemlerden elde edilen
istatistiksel verilere
dayanir.

Hesaplamalar basittir.

Bilgi varliklarinin parasal
degerleri ve risk yaklagimi
kavramlar1 ¢ok ayrintili ve
belirgindir.

Bilgi  varliklarinin = ve
risklerin parasal degerle-
rini bilmeye veya dlgmeye
gerek yoktur.

Giivenlik ¢6ziimlerinin kar
zarar analizini yapma, {ist
yOnetimin; giivenlik
yatirimlarinin verimliligini
irdeleme olanagi vardir.

Tehditlerin  yogunlugunu
sayisal olarak  Olgerek
belirlemeye gerek yoktur.

kurumlarm bilgi glivenligi risklerini degerlendirmek
amactyla genel bir ger¢eve sunmakta, bilgi giivenligi
risklerinin tanimlanmasi, adlandirilmasi, gruplanmasi,
analizi, degerlendirilmesi, hesaplanmasi, Ol¢limii ve
islenmesine iligkin adimlar1 belirlemekte, bilgi giivenligi
risklerinin siirekli ve giincel sekilde izlenmesi, denetimi
ve yonetimine iliskin kurallar1 ve yOntemleri
tanimlamaktadir.

ISO 27005°e ilave olarak ABD Standartlar ve Teknoloji
Enstitlisii’niin NIST 800-30, ISACA’nin RiskIT gibi
bilinen diger metodojiler de isletmelere bilgi giivenligi
risklerini tanimlamalari, analiz ederek yonetebilmeleri
amacityla rehberlik sunmaktadir.

Her bir bilgi varligma yonelik riskin 6lgiilmesinden
sonra uygulanan risk yonetim metodolojisi kapsaminda,
riskten kagmmak, riski devretmek, riski azaltmak ve
riski kabul etmek alternatifleri arasindan biri segilerek
uygulanir. Gergeklesme olasiligl ve ekonomik degeri
disiik bilgi varligi riskleri igin riskin kabullenilmesi
secilebilecegi gibi, bazi durumlarda riskin transferi,
diger bir deyisle, isletme disinda bir unsurla
paylasilmasi  (O6rnegin  siber  giivenlik  sigortasi
yaptirmak) s6z konusu olabilir.

Tablo3. Nitel ve Nicel Risk Analiz Yo6ntemlerinin
Karsilagtirmali  Analizi - Avantajlar — Dezava-

ntajlar [19].

Ust yonetimi tatmin Teknik  bilgi  becerisi

edecek sekilde tiim yetersiz olan veya giiven-

bilgiler ve tiim sonuglar lik  konusunda bilgisi

parasal ve gercek sayilarla | olmayan kisiler de risk

ortaya konabilir. degerlendirme  siirecine
katk1 yapabilir.

Nicel Risk Analizi/
Degerlendirmesi

Nitel Risk Analizi/
Degerlendirmesi

Oznellik ve tarafli yargida
bulunma sorunu vardir.

Hesaplamalar karmasiktir.

Otomatik bir siireg
bicimine getirilebilir.

Raporlama, sonuglar1 de-
gerlendirme ve is siirecleri
ile biitiinlestirmede esnek-
tir. Istatistiksel verilere ge-
rek duymaz. Parasal dege-
rin Ol¢iilemedigi veya on
bilginin  hi¢  olmadig:
kosullarda da kullanila-
bilir.

Genelde, ilgili bir bilgi
bankasiyla ve uygun
araclarla birlikte
kullanilirsa basarili sonug
verebilir. Cok fazla sayida
on ¢aligmaya ve On bilgiye
gerek duyulur.

Bilgi varliklarinin ger¢ek
parasal degerlerini siirece
katma olanagi kisitlidir.

Giivenlik ¢oziimlerinin
kar-zarar analizini yapma
olanag1 yoktur.

Aktas ve Sogukpinar, risk analiz ve degerlendirme igin
uygun yontem sec¢imi amaciyla bir yaklagim Onermis,
onerdikleri yaklagimi dort adet risk analizi yontemi
iizerinde test ederek sonuglar1 yorumlamstir [18].

Nitel ve nicel tekniklerin beraber olarak kullanildig
karma yontemlere 6rnek olarak, Countermeasures Inc.,
sirketi tarafindan gelistirilen The Buddy System risk
analiz araci verilebilir [17].

Siber giivenlik risk yonetimi, bilgi varliklarinin
biitiinliik, gizlilik ve erisilebilirlik niteliklerini tehdit
eden risklerin gergeklesme olasiliginin  ortadan
kaldirilmasi veya azaltilmasi siirecidir. ISO/IEC 27005,

Ust ydnetime veya uzman
olmayan kisilere
sunulacak kadar
yalinlagtirilmasi ¢ok
zordur.

Tahmine dayali oldugu
i¢in basarili kestirimler
yapilmasi zorunludur.

Risk degerlendirme
stirecine katilan kisilerin
yonlendirilmesi zor ve
karmasik bir iglemdir.

Otomatik bir bigime
gelmesi ¢ok zordur,
otomasyona elverisliligi
distiktiir.

Risk degerlendirme siireci
sirasinda karar
degistirmek ¢ok zor ve
zahmetlidir.

Kapsam dig1 birakilan
riskleri sonradan hesaba
katmak genelde ¢cok
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zordur.

ABD’de 2013 yili itibariyle siber-sigorta hizmeti
saglayan otuzun tizerinde sigorta sirketi oldugu, mevcut
sigorta primlerinin genellikle 10 bin dolar ile 25 bin
dolar arasinda olmakla birlikte kapsama durumuna gore
50 milyon dolara kadar ¢ikabildigi [20], police
kapsamlarinin  birbirlerinden  farklilik  gdsterdigi
belirtilmistir [15]. Riskin transferi amaciyla siber
giivenlik sigortasi kullanilmasinin, hem akademisyenler
hem de uygulayicilar tarafindan oOnerildigi, sigorta
primlerinin hesaplanabilmesine yonelik ise farkh
yaklagimlar tavsiye edildigi goriilmektedir [21-24].
Siber sigorta uygulamasinin, birbirine bagimli
sistemlerde gereginden az yatirim yapilmasi problemine
kargt potansiyel bir ¢dziim olarak da disiiniildiigi
belirtilmistir [20].

Herath ve digerleri, Tablo 1’de goriilen aktiieryal bir
yaklagim ile iligki (copula) tabanli bir siber sigorta risk
modeli ve fiyatlandirmasi yontemi 6nermislerdir [22].
Geemis  yilarin  virlis  maliyetleri  kullanilarak
olusturulan modelin zayif tarafi, yazarlarca da
belirtildigi iizere, istatistiki olarak ge¢mis saldir1 ve
maliyet bilgilerinin kullanilmasina olan bagimliliktir ki,
bu tiir bilgilerin bulunmasindaki zorluklar pek cok
calismada dile getirilmistir [22,25,26,27].
Bandyopadhyay, siber giivenlik risklerinin indirgeme ve
transferi amaciyla siber sigorta kullanimini incelemis,
sonraki ¢aligmalar i¢in deneysel analizlerin yapilmasini
Onermistir [28].

Jourdan, bilgi giivenligi uzmanlartyla  yaptigi
goriismelerden faydalanarak bilgi giivenligi risk analizi
stireglerini  incelemis, sonu¢ olarak risk analiz
siireclerinin ~ dinamiklerini daha iyi anlamak ve
uygulamalarint  iyilestirmek yoniindeki akademik
calismalarin devamini 6nermistir [15].

Wang, asir1 deger teorisi ile riske maruz deger (Value at
Risk) yontemini kullanarak risklerin belirlenmesi,
Olciilmesi ve yatirimlarin fayda-maliyetinin artirilmasi
iizerine bir yaklagim Onermislerdir [29]. Claunch ve
McMillan, son yillarda siber saldirilardan kaynaklanan
kayip maliyetlerinin, tip sektdrii icin 2010-2011
doneminde %10 olan genel sektdr ortalamasinin %32
oraninda artis gosterdigi istatistifine dikkat cekerek,
Wyoming Tip Merkezi’nde gerceklestirdikleri vaka
caligmasinda isletmenin tiim varliklarin1 kapsayan bir
risk analizi yaklagimiyla, ilgili tip merkezinin optimum
siber gilivenlik yatirimiyla, gilivenlik seviyesini onemli
derecede artirabildigini belirtmistir [30].

4. GUVENLIK SALDIRILARININ MALIYET VE
ETKILERININ OLCULMESI
(MEASUREMENT OF COST AND IMPACT OF
SECURITY ATTACKS)

Thomas ve digerleri, siber giivenlik saldirilarmin
maliyet ve etkilerinin 6lgiilmesindeki problemlerin;
saldir bilgilerini paylasmama egilimi, saldir1 sonug ve

maliyetlerinin saglikli dl¢lilememesi, soyut varliklarin
degerlemesindeki zorluklar, yanlis tahminler, orantisiz
sonuglar,  belirsizlik, bilgi yetersizligi, saldir
analizlerinde isletme i¢i birimlerin farkl ilgi, alg1 ve
¢ikarlari ile kutuplagmadan kaynaklandigini
belirtmislerdir [31].

Giivenlik saldirilarinin maliyet ve etkilerinin 6l¢iilmesi
konusundaki bir diger problem ise, saldirilarin tespit
edilebilmesindeki  yetersizliklerdir. ~ Ornegin ~ APT
saldirilarinin, tespit edilmeyi onleyerek uzun siire agda
kalip digsartya yiiksek degerli bilgi sizdirmayi
saglayabildigi, amacina ulastiktan sonra kendini
temizleyerek geride saldiriya yonelik iz birakmadig
geemis saldirt analizlerinin sonucunda ortaya ¢ikmistir
[32,33]. Bunun disinda egitim yetersizligi, zayif
giivenlik  altyapisi, giivenlik  {iriinlerinin  uygun
yapilandirilmamast gibi sebeplerle de saldirilar gogu
zaman tespit edilememektedir.

Soo Hoo c¢aligmasinda, Sekil 2’de gorildiigi iizere
sizma girisimlerini birbiriyle Ortiisebilen dort kiimeye
ayirmig,  tespit edilen ve rapor edilen sizmalarin
Olciilebildigini belirterek tespit edilemeyen basarilt ve
basarisiz sizma girisimlerinin gérece oranlarinin yiiksek
derecede belirsiz oldugunu ifade etmistir [26].

..-"Rapor Edilen
| Govenlik
\ S1zmalari

Tespit Edilen,
Basarisiz
Sizma

Girigsimleri

Basarili
Guvenlik
Sizmalari

Tespit Edilemeyen, Basarisiz
Sizma Girigimleri

Sekil 2. Sizma Girisimi Kiimeleri [26].

Giivenlik saldirilarimin igletmeye olan maliyet ve etkileri
finansal, operasyonel, miisteriler ve ¢alisanlar ile ilgili
somut ya da soyut etkilere yonelik dogrudan, dolayl ya
da firsat maliyetlerini kapsamaktadir [9,34,35]. Ingiltere
Bilgi Giivenligi Forumu (Information Security Forum,
ISF), bir giivenlik saldirisinin isletmeye olan maliyet ve
etkilerini asagidaki sekilde kategorize etmektedir [34]:

e Finansal etkisi
» Satis, siparis veya yeni so6zlesme kayiplart
Somut varliklarin kayiplari
Cezalar, hukuki sorumluluklar
Ongoriilmeyen maliyetler
Isletmenin diisen hisse degeri
e  Operasyonel etkisi
» Yonetim kontroliiniin kayb1
» Rekabetgiligin kaybi
» Yeni girisimlerin beklemeye alinmasi
» Uygulamada olan is standartlarmin ifsa
edilmesi
e  Miisteriler ile ilgili etkiler

>
>
>
>
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Geciken teslimatlar
Miisteri kayiplari

Giiven kaybi

Isletme {iniine gelen zarar
Calisanlar ile ilgili etkiler

» Calisanlarin moral
verimliliginde diisiis

YV VY

durumunda ve

» Yaralanma veya olim.

Yukarida belirtilen olumsuz etkilerin tespit edilebilmesi
genellikle is etki analizi yontemiyle gergeklestirilir [6].
Ancak risklerin 6l¢lilmesinde bulunan problemler gibi,
giivenlik  saldirilarina  iligkin, rakamlarla ifade
edilemeyen soyut etkilerin ve bu etkilerin seviyelerinin
belirlenmesinde de problemler bulunmaktadir. Bu tiir
etkilerin boyutlari, degerleme puanlamasi gibi 6znel
yontemlerle belirlenebilmekte [6]; ancak, ulasilan
sonuglarin iizerinde sayisal analiz yapilarak, bu analiz
sonuglarina gore karar verebilecek dogrulukta olup
olmadigi konusunda tereddiitler yasanmaktadir [36].
Literatiirde, dolaylt maliyetlerin belirlenmesine yonelik
caligmalar, genellikle saldirt agiklanma bilgileri ile hisse
senedi degerleri arasindaki iliskilerin incelemesi {izerine
olmaktadir.

Cavusoglu ve digerleri, pazar degerleme tabanli bir
yaklagimla, sizmaya maruz kalan igletmelerin piyasa
degerinin aciklanmasinin ilk iki giinii i¢inde ortalama
%2,1 kayba ugradigi, buna paralel olarak da bilgi
giivenligi firmalarimin ise ayn1 donemde ortalama %1,36
deger kazandigini gézlemlemislerdir [37].

Hovav ve D’Arcy, virlis ve hizmet disi birakma
saldirilarina maruz kalan isletmelerin hisse senetlerinin
borsadaki durumunu incelemis, olaylarin
aciklanmasinin ardindan bahse konu isletmelerin borsa
senetlerinin deger kaybina ugradigini gézlemlemislerdir
[2] ve [38]. Ayrica, saldirilarin tiiriine gore etkilerin de
farkli oldugu goriilmektedir. Campbell ve digerleri,
yaptiklart  deneysel ¢aligmada, halka agiklanan
sizmalardan gizli bilginin ifsas1 6zelliginde olanlarin,
isletmenin piyasa degerine negatif etkisini tespit
ederken, yine halka agiklanan ancak gizli bilginin ifsa
edilmedigi sizmalara borsanin ve piyasanin ayni negatif
etkiyi vermedigini gézlemlemislerdir [39].

Gordon ve digerleri, 2011 tarihli ¢aligmalarinda, 1995-
2007 arasindaki donemde siber saldirilarin igletmelerin
hisse senetleri lizerindeki etkilerini incelemisler,
saldirilar ile hisse senet degerleri arasindaki ters yonlii
etkilesimin  yiiksek  oldugunu, saldirilarin  bilgi
givenliginin  gizlilik, biitinlik ve erisilebirlik
kistaslarina gore siniflandirilmas: durumunda, hisse
senetleri iizerindeki en fazla olumsuz etkinin
erigilebilirligi hedef alan saldirilar oldugunu tespit
etmislerdir [40].

Telang ve Wattal, yazilim sektoriinde faaliyet gosteren
iretici  girketler {iizerine yaptigi caligmada, yazilim
zafiyetlerine iliskin haberlerin medyada ¢iktig1 giin,
sirketlerin piyasa degerlerinin % 0.63 diistiigiind,
yazilim zafiyetinin tlirline gore etkinin de farkh
oldugunu tespit etmiglerdir [41].
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Wang, medyada ¢ikan sizma haberleriyle isletmelerin
hisse senedi degerleri arasindaki iliskiyi incelemis,
Campbell’in ¢aligmasinin sonuglartyla uyumlu olarak
genel saldirt ve sizma haberlerinin farkli etkilere yol
actig1, ancak gizli bilgi iceren belirli sizma haberlerinin
piyasada firmanin gelecekteki basarisi iizerinde daha
negatif etkiye yol agtigini tespit etmistir [42].

Conrad, zafiyetler, sizma sikligi, kayip maliyet
tahminleri gibi  gilivenlik modeli  parametreleri
kapsamina belirsizligi de katabilmek i¢in Monte Carlo
simiilasyonu yontemini kullanmistir [9,43].

Isletmelerin genel egilimi, kotii reklam olabilecedi ve
sektordeki konumuna zarar verebilecegi diisiincesiyle
maruz kaldiklar1 siber giivenlik saldirilar1  ve
beraberinde gergeklesen kayiplara iliskin bilgileri
paylasmama yoniindedir [26,28,31,44]. Bu sebeple pek
cok makalede deneysel analizlerin artmasi gerektigine
isaret edilmekte, genellikle c¢alismalarda ABD’de
diizenli olarak yapilmakta olan ve gesitli sektorlerden
cok sayida isletmenin katildigr veri toplama caligsma
sonuglarindan faydalanildigi gériilmektedir [6,35].

Gergeklesen sizmalarin kayip maliyetlerine yonelik
istatistiki veri saglayan bu tiir ¢alismalarin en yaygin
ornekleri, CSI/FBI, Ponemon Enstitiileri ile Verizon’un
yillik yaymlanan raporlaridir. Bu raporlarda, ¢aligmaya
katilan isletmeler kapsaminda, sektor bazli saldir
tirleri, saldirilarin = gerceklesme — sikliklari  ve
saldirilardan kaynaklanan kayip maliyetleri, kullanilan
teknolojiler, uygulanan standartlar gibi gesitli istatistiki
veriler sunulmaktadir [3,4,36,45,47]. Ornegin, Ponemon
Enstitisii’niin 2014 yili Mayis aymda yayinladigi
kiiresel veri sizma aragtirmasi raporunda, arastirmaya
katilan isletmelerin isletme basma ortalama kayip
maliyetlerinin bir 6nceki yila oranla %15 artarak 3,5
milyon dolara ¢iktig1 belirtilmektedir [46].

Hoo [46], sizma olaylarmin siklifi ve sonuglarin
etkilerinin saglikli sekilde olgiilmesi amaciyla sonraki
caligmalar i¢in;

- Risk yonetimi faaliyetini destekleyici bilgi giivenligi
istatistiklerinin toplanmasina yonelik metrik ve araglarin
gelistirilmesi,

- Saldirt paternlerinin ve saldirganlarin davraniglarinin
gozlemlenmesi amaciyla bilgisayar aglarinin simiile
edildigi yazilim araglarmin gelistirilmesi gerektigini
Onermistir [26].

5. GUVENLIK TEKNOLOJILERININ
ETKINLiGININ OLCULMESI
(MEASUREMENT OF EFFECTIVENESS OF
SECURITY TECHNOLOGIES)

Normal sartlarda, giivenlik teknolojilerinin fayda ve
etkinligi, fayda-maliyet analizi yoOntemleri ile
olgtilebilir. Faydalari, koruduklar1 bilgi varliklarinin
degerleri ve indirgedikleri riskin derecesi ile, maliyetleri
ise yazilim/techizatin tedarik maliyeti, kurulum, egitim
ve bakim-idame maliyetlerini kapsayan toplam sahiplik
maliyetleri ile Olgiilebilir. Ancak, segilen giivenlik
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teknolojilerinin  etkinliginin ~ dlgiilmesi  hususunda
problemler mevcuttur [35]. Laboratuvar ortaminda
yapilan etkinlik testlerinde toplam saldirilardan ne
kadarmin oOnlenebildigine yonelik yilizdesel degerler
elde edilebilmekte ancak, gercek sartlarda saldiri
girisimlerinin tamaminin sayisinin belirlenememesi
sebepleriyle teknolojilerin toplam saldirilarin yiizde
kagin1 Onleyebildiginin tespiti miimkiin olmamaktadir
[26]. Kullanilan giivenlik teknolojilerini etkinlikleri
acisindan birbirleriyle kiyaslamak i¢in mevcut formal
bir metodoloji de bulunmamaktadir. Zorluklar, saldirgan
profilinin ve isletmenin giivenlik politikasina uyum
durumunun  tahmin  edilmesindeki  belirsizliklerin
6lciilememesinden kaynaklanmaktadir [9].

Gtivenlik teknolojilerinin etkinligi, o teknolojinin ilgili
riski ne kadar azaltmakta oldugunun degerlendirilmesi
ile de olgllir [9,26]. Riskin azaltilmasi ise, riskin
tamamen Onlenmesi veya gerceklesme olasiliginin
azaltilmasidir. Giivenlik teknolojilerinin etkinliginin
degerlendirilmesinde, mevcut olmasi durumunda test
ortamlarinda gergeklestirilen {irlin deneme c¢alisma
sonuglar1 ve gecmiste ger¢eklesen olaylara ait istatistiki
veriler kullanilabilir, bu tiir tarihi verinin mevcut
olmamasi durumunda ise giivenlik teknolojilerinin
etkinliginin tahmin edilmesi i¢in uzman goriislerinden,
isletmenin  bilgi giivenligi uzman personelinden
faydalanilabilir. Butler, uzman goriiglerinin varsayim ve
tahminlerinin, alinan kararlara ne kadar duyarl
oldugunun belirlenebilmesi i¢in duyarlilik analizi
yapilmasinin dogru yaklagim oldugunu belirtmistir [47].

Diger bir konu ise, giivenlik teknolojilerinin birbirinden
bagimsiz olarak ¢aligmamast sebebiyle etkinliklerinin
de bagimsiz Olciilmemesi gerektigi [27], dolayisiyla
birden fazla giivenlik teknolojisinin kullanilmasi
durumundaki etkilesimin olgiilmesidir. Belirlenen risk
icin kullanilacak birden fazla teknolojinin riski ne kadar
azaltacagi, toplam faydanin, ilgili teknolojinin tek tek
kullanildiginda  alinacak  faydadan biiyilk  olup
olmayacag1 konularinin da incelenmesi gerekmektedir
[3,47].

Yatirim yapilan giivenlik teknolojileri kullanilarak
olusturulan giivenlik sistemi altyapisinin teknik acgidan
etkinliginin degerlendirilmesi amaciyla ise zafiyet
tarama, sizma testleri vb. amagli ¢ok sayida iiriin rafta
hazir sekilde bulunmaktadir. Ayrica bu amagla
isletmeler, gerek i¢ denetimler gerekse de dis kaynak
kullannmiyla ~ damisman  sirketlerin  denetlemesi
yontemine de basvurmaktadirlar; ancak, bu yaklasim
sistemin geneline iligkin degerlendirme olup, siber
giivenlik teknolojilerinin bireysel olarak
degerlendirilmesi konusunda yardimci olamamaktadir.

Gordon ve digerleri, siber giivenlik denetimlerinin
arttigina isaret ederek, denetimlerin siber gilivenlik
risklerinin indirgenmesinde ve yatirim kararlarinda
iyilestirmeler yapabildigini belirtmistir [48].

6. GUVENLIK YATIRIMLARININ OPTIMUM
SEVIYESININ BELIRLENMESI

(IDENTIFICATION OF OPTIMUM LEVEL OF
SECURITY INVESTMENTYS)

Rodewald, siber giivenlik yatirimlarma iligkin iki 6n
kural belirlemistir. Birincisi, tek basina hicbir giivenlik
kontroliiniin  belirli bir riski tamamiyla ortadan
kaldiramayacagi, ikincisi ise her Dbir giivenlik
kontroliiniin bir maliyeti bulundugudur [49]. Bu iki
kurala, risklerin yiizde yiiz gerceklesip
gerceklesmeyeceginin - bilinemeyecegi  gergegi  de
eklenince, bir isletme i¢in hangi  giivenlik
teknolojilerinin yatirima deger oldugu ve giivenlik igin
ne kadar yatirnm yapilmasi gerektigi sorulari dnem
kazanmaktadir [6].

Sekil 3’e bakildiginda mavi ¢izgiyle gosterilen siber
giivenlik yatirnmlari arttikga siyah ¢izgi ile gosterilen
olast saldir1 maliyetlerinin azaldig1 goriilmekle, ancak
optimum seviye olarak gosterilen belirli bir noktadan
sonra yapilan siber giivenlik yatirimlariin saldir
maliyetlerini ayni oranda diisliremedigi, dolayisiyla
kesikli ¢izgi ile gosterilen toplam maliyetlerin arttig
goriilmektedir [50]. Bu nedenle siber giivenlik
yatirimlarmin isletme risklerinin de minimizasyonu
hedeflenerek [51], biitce, gilivenlik oncelikleri gibi
kistaslar da dikkate alimmmak suretiyle yatirimlarin
optimum seviyesinin belirlenmesi gerekmektedir.

Crume, bilgi giivenliginin ilk kuralini, bir varlig
korumak i¢in degerinden fazla yatirnm yapmama
gerekliligi olarak tanimlamistir [52]. Bu nedenle,
yapilmasi gereken yatirim seviyesinin belirlenebilmesi
icin isletmenin sahip oldugu bilgi varliklarinin
degerlerinin belirlenmesi gerekmektedir. Poore, bilgi
varliklarinin ~ degerlerinin  belirlenmesi  asamasinda
rehber olarak kullanilabilecek oneriler sunmustur [53].

Giivenlik yatirimlarinin analizi ve optimum yatirim
seviyesinin belirlenebilmesi i¢in onceki boliimlerde
belirtilen risk, saldir1 ve teknoloji etkinlik 6l¢iimlerinin
sonuglarindan faydalanilir ve yatirim kararlari alinir.

Maliyetler

Siber Siber

Gilvenlik fS'ii'.lenIil:
Sakiin Y atnm

Maliyetler Maliyetleri

Optimum Seviye

Siber Giivenlik Seviyesi

Sekil 3. Siber Giivenlik Yatirrmlar: Olurluk Incelemesi [50].
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Literatiirde bu alanda kullanilan ii¢ genel yaklasim
bulunmaktadir [9] :
e  Karar Analizi Cercevesi
Oyun Teorisi

Reel Opsiyonlar Teorisi.

6.1. Karar Analizi Cercevesi (Decision Analysis
Framework)

Bu yaklagimin temelleri 1980°li yillarin ortasinda ABD
Ulusal Standartlar Biirosu ve ABD Ulusal Bilgisayar
Giivenlik Merkezi’nin 6nderliginde gerceklestirilen bir
dizi bilgi giivenligi risk yonetim modelleme ¢alistayina
dayanmakta olup, ortaya c¢ikan birinci nesil siber
giivenlik risk yonetim modellerinin en temeli Sekil 4’de
goriilen Ortak Cergeve olmustur [26].

- - Kabul
(Gereksinimler, > Edilebilirlit
— 1 - Testi
Varlik Degerleri Analiz Risk Olgiimii islemler

Endiseler

) Tehdit Analizi
Tehditler —> Zafiyet Analizi — Koruma yéni
Koruma Etkinligi Senaryo Analizi Sonug Siddeti secimi
Zafiyetler

Sekil 4. Ortak Cergeve Siire¢ Diyagrami [26].

Ortak Cerceve; Gereksinimler, Varliklar, Giivenlik
Endiseleri, Tehditler, Koruma Yontemleri, Zafiyetler ve
Sonuglar olmak {izere yedi temel bilesenin tekrarlamali
bir siire¢ igerisinde analizini Onermektedir. Ortak
cergevenin uygulama karmasikligi ve kaliteli verinin
bulunamamasi zorluklarimin asilabilmesi amaciyla,
Entegre Is Risk Yonetim Cergevesi, Degerleme-tabanli
metodolojiler, Senaryo Analizi Yaklasimlar1 ve En lyi
Uygulamalar olmak tizere dort genel baslik altinda
ikinci nesil siber giivenlik risk yonetim modelleri ortaya
¢ikmistir. Bu yaklasimlar, her ne kadar veriye
bagimlilik problemini kismen agmus olsalar da daha ¢ok
i slireglerine ve  organizasyonel dinamiklere
yogunlagmig,  Ozellikle  belirsizlik  problemlerini
asamamistir. 2000’11 yillardan itibaren yapilan pek ¢ok
calismada atifta bulunulan Soo Hoo, belirsizlikleri de
icine alan karar analizi ve risk yonetimi tabanli bir
model 6nerisinde bulunmustur [26].

Gordon ve Loeb, optimum yatirim seviyesinin
belirlenmesi amaciyla yapilan yatirimin marjinal
faydasinin marjinal maliyete esitlenme prensibine dayali
bir ekonomik model Onermis, bir isletmenin sahip
oldugu varliklarin degerinin  %36,8’inin  optimum
yatirrm seviyesi oldugu sonucuna varmuglardir [54].
Willemson ise, Gordon ve Loeb tarafindan Onerilen
model iizerinde diizeltmeler yapilarak, yapilan
hesaplamalarda optimum seviyenin varlik degerlerinin
%350’sine ¢ikmasi gerekebildigini iddia etmistir [55].
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Mercuri, fayda maliyet analizinin, acik anahtar
kriptografisi, ag sizma tespit sistemleri vb. sistemlerin
degerlendirilmesinde kullanilabildigini belirtmistir [16].
Xie ve Mead, fayda-maliyet analizi yontemiyle kiigiik
isletmelerin  bilgi  giivenliklerinin  gelistirilmesine
yardimet olacak tahmin metodolojisi gelistirmistir [56].
Bodin ve digerleri tarafindan, Analitik Hiyerarsi Prosesi
(AHP) kullanilarak g¢ok 6lgiitlii bir karar verme modeli
Onerisi  yapilmis  [57], ancak  karar  secimi
alternatiflerinin belirlenmesi {izerinde durulmamuistir.
Ayn1 yazarlar sonraki ¢aligmalarinda onerdikleri AHP
yaklagimint risk metrikleriyle birlestirerek yatirim
alternatiflerinin  siralanmasina yonelik bir model
onermislerdir [20].

Rue ve digerleri tarafindan ise farkli siber giivenlik
yatirrm modellerin analiz edilerek karsilastirildigi bir
cergeve model Onerisi yapilmistir, sonraki ¢aligmalar
icin, istatistiki verilerin bu karar modelinde uygulanan
degerlendirme siirecine dahil edilmesini onermislerdir
[35].

Behara ve digerleri, sistem dinamikleri yaklagimin
kullanarak siber saldir1 siirecinde yapilan yatirimlarin
analizi i¢in bir karsilastirma ve analiz modeli
onermislerdir [58]. Ionnidis ve digerleri, fayda teorisini
kullanarak  siber giivenlik  yatirimlarmin  dogru
zamanlamasinin belirlenmesi konusunda c¢alismislardir
[59]. Chai ve digerleri, giivenlik teknolojilerinin dolayli
getirisinin belirlenmesi kapsaminda 1997-2006 yillari
arasindaki ABD borsa verilerini temel alarak yaptiklar
calismada, siber giivenlik yatirimi yaptiklarina dair
medyada ¢ikan haberler sonrasinda isletmelerin borsa
degerlerinde asir1 yiikkselme oldugunu kaydetmislerdir
[60].

6.2. Oyun Teorisi (Game Theory)

Sosyo-ekonomik  degiskenleri iginde  barmndiran,
ekonomik kararlarin alinmasinda, karsilikli etkilesimle
optimal karar vermeye yonelik bir yaklasim olan
modern oyun teorisinin temelleri 1928 yilinda John Von
Neumann tarafindan atilmigtir. Oyun teorisinde bir diger
onemli ¢aligma 1950 yilinda John Nash tarafindan
gerceklestirilen “Nash dengesi” teorisi olmustur [61].

Oyun teorisinin  siber giivenlik  yatirimlarinin
degerlendirilmesindeki ~ uygulamalar1  kapsaminda;
saldirganlarin stratejileri arasindaki etkilesim ve sizma

basarisinin  artirillmasi, karsi tarafta ise isletmenin
kazancinin maksimize edilmesi amaciyla yapilan
yatirrmlarin ~ sonucunda  saldirilarin  engellenmesi,
sistemdeki zafiyetlerin azaltilmasi ile saldirganlar

tizerinde caydiricilik etkisi vb. etkiler incelenmektedir
[62].

Alpcan, isletmenin boliimler arasi giivenlik ve bilgi
teknolojileri risklerini optimum yatirimlarla
indirgeyebilmeleri i¢in dinamik tesvik mekanizmalari
gelistirme konusundaki ¢aligmasinda, oyun teorisini
kullanmistir [63]. Huan, oyun teorisi ile 6grenme
teorisini birlestirmis, oyun teorisinde genellikle ele
alinmadigim iddia ettigi zaman unsurunu da dikkate
alan stokastik bir oyun modeli &nererek yatirimlarin
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optimum seviyesinin belirlenmesi konusunda ¢aligmistir
[64].

Cavusoglu, oyun teorisi tabanli bir yaklasim kullanarak
giivenlik  yatinmlarin1  degerlendirme ve  farkli
faktorlerin  yatirimlar {izerindeki etkisini inceleme
amacli bir model 6nermislerdir [65]. Grossklags, toplam
caba, en zayif link, en iyi savunma, en zayif hedef
tiplerinden olusan giivenlik oyunlariyla siber giivenlik
ve vyatirim tiirleri iliskilerinin ekonomik analizini
yapmustir [66]. Bommannavar ve digerleri, saldirganlar
ile koruyanlar arasindaki etkilesimi modellemek
amaciyla sifir toplamli bir giivenlik oyunu tasarlamis,
oyun teorisini, pekistirmeli 6grenme ve markov modeli
ile birlestirmek suretiyle karar vericilere yardimci
olacak nicel bir risk yonetimi g¢ergevesi onermislerdir
[67].

Zeshuang ve Jing, oyun teorisi ile igletmelerin siber
giivenlik yatirim kararlarini analiz etmislerdir [62]. Liu
ve digerleri, bu yaklagimla, iki isletmenin bilgi
giivenligine iligkin bilgi paylasimi ve yatirim kararlarina
iligkin egilimlerini incelemistir [68]. Naghizadeh ve Liu,
oyun teorisini kullanarak kullanicilarin, siber sigorta
tercihlerini analiz etmistir [69]. Gao ve digerleri, bu
yaklagimla tiiketim modellerinden Cournot ve Bertrans
modellerini siber giivenlik yatirim kararlarinin analizi
amaciyla kiyaslamistir [70]. Ashok ve digerleri, enerji
sektoriine yonelik kritik altyapilarin genis alan aginda
izleme, koruma ve kontroliiniin saglanmasi amaciyla
siber giivenliginin  belirlenmesinde oyun  teorisi
yaklagimint kullanmiglardir [71].

6.3. Reel Opsiyonlar Teorisi (Real Options Theory)

Proje ortamindaki degisimlere tepki gosterme yetenegi
olarak bilinen “reel opsiyon”, finansal opsiyon
teorisinin, yatirnm projelerinin degerlendirilmesi ve
firma stratejisinin belirlenmesi gibi finansal olmayan,
diger deyisle reel alanlara uyarlanmis halidir [72].
Isletme varliklarinin degerlendirilmesinde kullanilan bu
teorinin [73] diger 6nemli faydasi belirsizlikler altinda
verilmesi gereken yonetimsel yatirim kararlari siirecine,
esnekligi dahil etmesidir [74]. Bu sayede yatirim
kararinin ertelenmesi, beklenenden Once veya sonra
sona erdirilmesi, kiigiiltiilmesi veya genisletilmesi gibi
durumlari karar vericilere secenek olarak
sunabilmektedir [72].

Gordon ve digerleri, siber giivenlik yatirimlart igin
uygulanan  bekle-gor politikasim  ve  saldirilarin
ger¢eklesme sayisinin artmasiyla orantili olarak siber
giivenlige daha fazla yatinm yapildigi diisiincesini bu
yaklagimu kullanarak agiklamiglardir [75]. Tatsumi ve
Goto, Gordon modelinden yola ¢ikarak, reel opsiyonlar
yontemiyle ne kadar ve ne zaman yatirim yapilmasi
gerektigi sorularina cevap aramugtir [76]. Daneva ise
Onerdigi karar destek modelinde, belirledigi reel
opsiyonlarin karar verme siirecinde gerekli esnekligi
sagladigini iddia etmistir [77]. Herath ve Herath, y1gin
e-posta  lizerine  gergek  verilerin  kullanildig
caligmalarinda reel opsiyonlar teorisi ile Bayes teoremi
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istatistikleri ve analizler sonrasi 6grenmeyi igeren bir
model dnermisglerdir [78].

6.4. Kullanllan Metrik ve Yontemler (Metrics and
Methods Used)

Genel anlamda yatirimlarin ekonomikliginin tespit
edilmesi ya da yatirnm projelerinin degerlendirilmesi
maksadiyla kullanilan genel kabul gérmiis yontemleri,
paranin zaman degerini dikkate alan ve almayan
yontemler seklinde siniflandirilmak miimkiin olup, bu
yontemler asagida gosterilmistir.

e Paranin Zaman Degerini Dikkate Alan
Yontemler:
» Net Bugiinkii Deger Yontemi
» ¢ Kar Oran1 Yontemi
» Esdeger Maliyet Yontemi
> Indirgenmis Geri Odeme Siiresi Yontemi.
e Paranin Zaman Degerini Dikkate Almayan
Yontemler:
» Basit Karlilik Oranlar1
> Geri Odeme Siiresi Yontemi
» Nakit Giriginin Yatirim Maliyetlerine Oran
Yontemi
» Net Karin Yatinm Maliyetlerine Oranm
Yontemi
» En Diisiik Ortalama Maliyet Yontemi
» Kara Gegis Analizi.

Siber giivenlik yatirimlarinin analiz edilmesi amaciyla
yayginlikla kullanilan yOntemler ise paranin zaman
degerini dikkate alan “Net Bugiinkii Deger” ve “i¢ Kar
Oran1” metrikleri ile, paranin zaman degerini dikkate
almayan, fayda maliyet analizi tabanli, nakit girisinin ya
da net karmm yatirim maliyetlerine oraninin farkli
formiillerle ifade edildigi “Giivenlik Yatirmminin Geri
Doniigii” yontemidir [9,16,45,54,79].

6.4.1. Giivenlik Yatirnminin Geri Doniisii (Return on

Security Investment-ROSI)

En basit anlamda bir yatirnmin geri doniisi, asagidaki
formiiliin [80] saginda goriildiigii tiizere, yapilan
yatirrmdan elde edilen faydanin yapilan yatirim tutarma
boliinmesiyle hesaplanir. Bu basit anlatimda, siber
giivenlik yatirimi tutari, somut bir sayiy1 ifade eder,
ancak  siber  giivenlik  yatiriminin  faydasinin
hesaplanmasi kolay olmamaktadir, ¢iinkii Ornegin
tedarik edilen bir giivenlik duvarmin isletmeye
dogrudan getirisi olmadigindan, beklenen fayda,
risklerden  kaynaklanabilecek kayip  maliyetlerini
indirgeme ya da farkl tanimlamalarla
hesaplanabilmektedir.

R—ALE S-T
T

R (recovery), bir yilda
sebep oldugu kayiplardan

ROSI = @)

Yukaridaki
gerceklesen

formiilde;
saldirilarin
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kurtarma maliyeti; S (savings), yatirim yapildiginda
onlenen kayiplardan tasarruf maliyeti; T (tool), giivenlik
teknolojisinin maliyeti; ALE ise daha once de
aciklandigr gibi yillik kayip beklentisidir.

Asagidaki formiilde ise ROSI, risk indirgeme orani ile
iligkilendirilerek hesaplanmaktadir [27].

ROSI = ((Risk tutar1 x Indirgenen risk yiizdesi) —
Giivenlik ¢oziimiiniin maliyeti) / Giivenlik ¢6ziimiiniin
maliyeti

6.4.2.Net Bugiinkii Deger (Net Present Value-NPV)

ROSI metriginin 6znel zayifligina ilave olarak zaman
ozelligi de problem teskil etmekte, bu zayifliklar
nedeniyle isletmeler, ROI ile NPV metriklerinin
kullanimina yonelmektedirler. NPV, ilgili yatirim
¢Oziimiiniin getirdigi para akigini bulmak ve bu rakami
mevcut zamanin para degerine doniistiirmek suretiyle
calisir. Para akisi, hesaplanan tahmini maliyetler,
maliyet tasarruflar1 ve karlar1 da kapsayan gelirlerden
olugsmaktadir [9].

6.4.3. i¢ Kar Oram (Internal Rate of Return-IRR)

Bu metrik de, NPV metrigine benzer sekilde para
akiginin hesaplanmasina odaklanir, ancak NPV’den
farki IRR’de maliyet ve fayda arasindaki basa-bas
noktasinin bulunmasidir [9].

Gordon ve Loeb, isletme i¢i yatirimlarin faydalarini,
isletmenin diger yatirimlarindan ve faaliyetlerinden
ayirt etmenin zorluguna deginerek, gerceklesen maliyet

tasarruflart ile beklenen maliyet tasarruflarinin
karsilastirildig1 gerek NPV gerekse de IRR metriklerinin
yetersiz  kaldiklarin1  belirtmiglerdir  [54]. ROSI

metriginde oldugu gibi, NPV ve IRR metriklerinin
hesaplanmasinda da yatirim ve maliyetlere iliskin faiz
ve vergi unsurunun dikkate almmmamasimin gergek
hayata uygun olmadigi, elde edilen degerlerin tam
olarak gercegi yansitmayacagi belirtilmektedir [79].
6.4.4. Yilik Kayip Beklentisi (Annual Loss
Expectancy- ALE)

1979 yilinda ABD Ulusal Standartlar Biirosu,
“Otomatik Veri Isleme Risk Analizi Rehberi” isimli 65
numarali Federal Bilgi Isleme Standardin1 yayimlayarak
bilgisayar-tabanli risklerin olgiimiinde kullanilmasi

amaciyla asagida agiklanan ALE metrigini Onermistir
[26]:

ALE:Zn: I (OD)Fi

Yukaridaki formiilde;

@)

{0y, ... O, }= Maddi zararla sonuglanan saldir1 olay seti
1(0)) =i olaymim ABD dolar cinsinden etkisi
Fi = i olaymin gerceklesme siklig1

Avrupa Ag ve Bilgi Giivenligi Ajansi (European
Network and Information Security Agency-ENISA) ise,
ALE'yi benzer sekilde, Yillik Gergeklesme Orani

48

(Annual Rate of Occurrence-ARO) ile Bir Olayin Kayip
Beklentisi (Single Loss Expectancy-SLE) degerlerinin
carpimi olarak tanimlamustir [81].

ALE metriginin ilgi ¢ekici yani, riske yonelik olasilik ve
sonu¢ niteliklerini tek bir rakamla ifade edebilme
yetenegidir. Zayif yan ise, yliksek sikliga sahip diisiik
etkili olaylar ile diisiik siklikli yliksek etkili olaylar
birbirinden ayiramamasidir [26]. Diger bir elestirilen
tarafi, sadece dogrudan maliyetleri ele almasi, drnegin
iiretimin aksamasindan kaynaklanan dolayli maliyetlerin
diistiniilmemesidir [79]. ALE metriginin pratikte
uygulanmasindaki kritik unsur, saldirilarin gergeklesme
siklig1 ve etkilerine yonelik deneysel verilere ihtiyag
duyulmasidir ki ¢ogu zaman bu tiir verilere kolay
ulagilamamaktadir; ancak, buna ragmen metrik,
sagladigt fayda sebebiyle [16] yatirim kararlarina
yonelik modellerde yayginlikla kullanilmaktadir.

7. SONUCLAR (CONCLUSION)

Bu calismada, siber giivenlik yatinm kararlarinin
verilmesi siirecinde uygulanabilecek yatirim stratejileri,
siber giivenlik risklerinin belirlenmesi ve Ol¢iilmesi,
giivenlik saldirilarinin maliyet ve etkisinin 6l¢iilmesi,
giivenlik teknolojilerinin etkinliginin 0l¢iilmesi ve
giivenlik yatirimlarimin optimum seviyesinin
belirlenmesi konularinda literatiir incelemesi yapilmus,
isletmelerin siber giivenlik yatirim kararlarini vermeleri
icin gerekli olan adimlara yonelik asagida belirtilen
bosluklar tespit edilmistir:

- Giivenlik olaylari ile ilgili olarak risklerin belirlenerek
Olciilebilecegi “standart”, genel kabul gormiis bir model
bulunmamaktadir.

- Yatinm yapilan giivenlik teknolojilerinin, riskleri ne
oranda indirgediginin, risk yonetimi agisindan ne kadar
etkili olduklarinin belirlenmesine yonelik “standart”,
genel kabul gérmiis bir yontem bulunmamaktadir.

- Siber saldirilarin kayip maliyet hesaplamalari ile,
yapilan gilivenlik yatirnmlarinin isletmeye finansal
acidan faydalarinin hesaplanmasinda “standart”, genel
kabul gérmiis bir yontem bulunmamaktadir.

- Kullanilan finansal metriklerin farkli formiillerle siber
giivenlige uygulanabildigi goriilmekte, dolayisiyla bu
konuda da iizerinde uzlasilmig, genel kabul gérmiis bir
yontem ortaya konulamadigi anlasilmaktadir.

Sonug¢ olarak caligmada, siber giivenlik yatirimlarina
yonelik farkli yaklagimlar, kaliteli verinin eksikligi,

risklerin belirlenmesinde ve Olciilmesindeki
belirsizlikler, saldirtlarin meydana getirdigi dolayh
zararlarin  ve  siber  gilivenlik  teknolojilerinin

etkinliklerinin belirlenmesindeki zorluklar bulundugu
belirlenmistir.

Bu zorluklarin asilabilmesi ve ¢alisma sonuglarinin
gercek hayatta kullanilabilir yontemler ve standartlar
haline getirilebilmesi i¢in oncelikle incelenen bes
kategoride de bilimsel ¢aligmalarin artirilmas: [78],
deneysel c¢aligma  sonuglarmin  dogrulanmasinda
kullanilabilecek  kaliteli ~ verinin  kaydedilmesi,
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saklanmast ve paylasgiminin saglanmasi Onem arz
etmekte olup bu amagla, kamu, kamu-6zel sektor ve
kamu-6zel sektor ile tniversitelerin ortak girigimlerine
ihtiyag¢ oldugu degerlendirilmektedir.
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Kanola Yagi1 Metil Esteri ve Dizel Yakit Karisimlarinin
Tek Silindirli Dizel Bir Motorun Performans ve
Giurulti Emisyonlarina Etkisi

Suat SARIDEMIR?, Mehmet TEKIN?
! Diizce Universitesi, Teknoloji Fakiiltesi, imalat Miihendisligi Bolimii
2 Gaziosmanpasa Universitesi Tokat Teknik Bilimler Meslek Yiiksekokulu
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(0V4
Giliniimiizde yaygin olarak kullanilan dizel motorlarindan kaynaklanan giiriiltii emisyonlari, canlilar {izerinde uzun ve kisa siireli
olumsuz etkiler olusturmaktadir. Bu ¢alismada, standart dizel yakiti ve kanola yagi metil esteri karigimlarinin, tek silindirli bir
dizel motorun gii¢, tork ve giiriiltii emisyonlarina etkileri deneysel olarak incelenmistir. Standart dizel yakitina hacimsel olarak
%0, %20 ve %40 oranlarinda katilan kanola yag: metil esteri, tam yiik ve farkli devir testlerine tabi tutulmus; motor tork ve gii¢
degerleri ile giiriiltii emisyonlarinin degisimi incelenmistir. Kanola yag1 metil esteri ve standart dizel yakit karisim orani arttikga
motor giicii, torku ve giiriiltii emisyonlarinda diigiis goriilmiistir.

Anahtar Kelimeler: Kanola yagi, biyodizel, giiriiltii emisyonu

Influence of Canola Oil Methyl Ester and Diesel Fuel
Blends on A Single Cylinder Diesel Engine
Performance and Noise Emissions

ABSTRACT
Nowadays, the noise emissions caused by the diesel engines, which is widely used, constitute the adverse effects on the living
organisms for both long and short-term. In this study, the single cylinder diesel engine power, torque and noise emissions were
experimentally investigated for the fuel mixture which was a canola oil methyl ester with the standard diesel fuel. The torque,
power values, the noise emissions were compared when canola oil methyl ester, which was mixed with the standard diesel fuel at
the rate of 0%, 20%, 40%, was subjected to the full load, different speed test. It was observed that the engine torque, power and
noise emissions were decreased as the rate of canola oil methyl ester increased in the the standard diesel fuel.

Keywords: Canola oil, biodiesel, noise emissions

1. GIRIiS (INTRODUCTION) diisiik diizeylerde egzoz emisyonu olusturmasi istenir.

Giiniimiizde diinya enerji kaynaklarmn biiyiik cogunlu- Yeni, yenileneb'ilir' ve ¢evre dostu yakitlar i¢in yapilan
gunu olugturan fosil yakitlarmn sl rezervleri ve Qa.hs.malarda bitkisel = yaglar on plana glkmaktadl.r.
fiyatlarinin ~ sirekli  artmasi, insanligi  olumsuz B.1tk1sel yaglar, petr.ol. kék.enh yaglardan farkli b1r.
etkilemektedir. Bu nedenle, diinyada ve o6zellikle de k1my.asal.yap1ya .Sa}hlpltm Bltk{s‘?l yaglarin en Onemli
alternatif enerji kaynaklarina sahip olan iilkelerde yogun ézelhklerlnden. b1r1. viskozitesinin yﬁksek. olmasidur.
calismalar yapilmaktadir. Ulkemiz enerji ihtiyacinm Y uksek y1§k021te, yakitin enjektérl.erd.er.l
biiyiik bir kismini fosil kékenli yakitlardan karsilamakta puskirtilmesini zorlqshnr ve  yanma kalitesini
ve onemli bir kismi ise motorlu tagitlarda yakit olarak ~ distirerek yanmamus hidrokarbonlarin miktarint artirir
kullamilmaktadir. Petrole bagimliligin azaltlmasi ve [1,2]- Bitkisel yaglarin viskozitesini distirerek b'YOd'??I
ckolojik dengelerin korunmasi igin, mevcut enerji yakit liretmede kullanilan en yaygin yontemlerdin biri,
kaynaklarmm  etkin  ve  verimli  kullanilmasi transesterifikasyon  yontemidir. Transesterifikasyon,
gerekmektedir. Bu nedenle arastirmacilar, alternatif bitkis.el yag1n' kﬁQﬁk. mglekiil aglrhk.ll' alkolle bir
yakitlar iizerinde ¢aligmalarini siirdiirmektedirler. igten ~ katalizor esliginde, gliserin ve yag asidi olusturmak
yanmali motorlarda kullamlabilecek yakitlarin ucuz ve — UZEre reaksiyona g'rmes.'dﬂ'- Transesterlflkasyon
bol miktarda iiretilebilmesi, yakit ozelliklerinin iyi ~reaksiyonunda yag, monohidrik bir alkolle (etanol,

olmasi, kolayca depolanabilmesi, tasmabilmesi ve metanol), Kkatalizor (asidik, bazik katalizorler ile
enzimler) varliginda ana {iriin olarak yag asidi esterleri

* Sorumlu Yazar (Corresponding Author) ve gliserin vererek esterlesir [3-5]. Cesitli bitkisel,
e-posta: suatsaridemir@duzce.edu.tr hayvansal ve evsel atik yaglardan transesterifikasyon
Digital Object Identifier (DOI) : 10.2339/2016.19.1 53-59
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yontemi ile {retilebilen biyodizel yakitlar, dizel
motorlart i¢in 6nemli alternatif enerji kaynaklaridir.
Literatiirde, g¢esitli  yaglardan {retilen biyodizel
yakitlarin motor performansina ve egzoz emisyonlarina
olan etkilerinin incelendigi birgok calisma olmasina
ragmen, biyodizel yakit karigimlarinin motor giiriiltii
emisyonlarina olan etkilerinin incelendigi az sayida
calisma oldugu goriilmiistiir. Altin ve arkadaglar1 [6]
tarafindan yapilan calismada, enjeksiyon Oncesinde
wsitilan ve enjeksiyon basinc arttirilan aycicegi yagi ve
aycicegi yagl/  standart dizel yakit karigimlarinin
tirblilans odali bir dizel motorun performansina olan
etkileri incelenmistir. Deney sonuglari, aycicegi yagi ve
aycicegi yagi/standart dizel yakit karigimlarinin
performans agisindan motorine yakin oldugunu, ancak
aygicegi yaginin viskozitesinin yiiksek olusu, zamanla
kuruma ve dislik sicakliklarda katilasma egilimi
nedeniyle ¢oziimlenmesi gereken akis ve atomizasyon
problemleri oldugunu ortaya koymustur. Redel-Macias
ve arkadaslar1 [7] tarafindan yapilan c¢alismada, prina
yag1 metil esteri karisgimlarinin direkt enjeksiyonlu iig

NOx emisyonlar1 artmuistir. Biyodizel karisimlart ile
0zgiil yakit tiikketiminde de artis tespit edilmistir.

Bu ¢alismada, kanola yag1 metil esteri (KYME) standart
dizel yakitina hacimsel olarak %0, %20 ve %40
oranlarinda  karistirilmustir. Elde edilen yakit
karigimlarinin tam yiik ve farkli devirler altinda, tek
silindirli bir dizel motorun giig, tork degerleri ve giiriilt
emisyonlarina  olan  etkileri ~ deneysel  olarak
incelenmistir. Standart dizel yakit igerigindeki KYME
oranmin artmasina bagli olarak motorun giig, tork
degerleri ve giiriiltii emisyonlarinda diisiis goriilmiistiir.

2. MATERYAL ve METOT (MATERIAL AND
METHOD)

TS EN 14214 standartlarina uygun olan kanola yagi
metil esteri, standart dizel yakiti ile hacimsel olarak %0,
%20 ve %40 oranlarinda karigtirillarak KYMEQ,
KYME20 ve KYME40 yakitlar1 elde edilmistir. Kanola
yag1 metil esteri ve standart dizel yakitinin &zellikleri
Cizelge 1’de verilmistir [8].

Cizelge 1. Kanola yag1 metil esteri ve standart dizel yakitinin 6zellikleri (The properties of canola oil methyl
ester and standard diesel fuel)

Ozellik KYME Standart Dizel Yakit

Yogunluk (25 °C’de kg/m°) 877 837

Kinematik Viskozite (40 °C’de mm?/s) 4,55 3,9

Alt Isil Deger (kl/kg) 39760 43300

Setan Sayisi 58 54

silindirli bir dizel motorun egzoz ve girilti . . .

emisyonlarma olan etkileri incelenmistir. Karisim Elde edilen yakitlarin, tam yiikte ve farkli devirlerde

icerigindeki prina yagi metil esteri orani arttikca, CO
emisyonlarinin azalirken NOX'in arttig1 gorilmiistiir.
Yakit karigimindaki prina yagi metil esteri oranina bagl
olarak egzoz ve giiriilti emisyonlarinin azaldigi
belirtilmistir. ileri [8] tarafindan yapilan ¢alismada,
kanola yagi metil esteri, 4 silindirli direkt piiskiirtmeli
ve turbo sarjli bir dizel motorunda 1750-4400 d/d
arasinda tam yiik testine tabi tutulmustur. Calismada
kanola yagi metil esterinin, motor torkunu 9%0,63,
giiciinii ise %1,21 oraninda diisiirdiigii belirtilmistir.
Ozgiil yakit tiiketiminde kanola yagi metil esteri ile
%11,1 artis oldugu ifade edilmistir. Ayrica CO
emisyonlarinda ve duman yogunlugunda sirasiyla
%18,83 ve %58,75 oraninda azalma oldugu ifade
edilmistir. Alpgiray ve Giirhan [9] tarafindan yapilan

calismada, yakit olarak kullanilan kanola yagmin tek
silindirli bir dizel motorunun performans ve emisyon
karakteristiklerine olan etkileri deneysel olarak
incelenmistir. Kanola yag1 metil esteri ile dizel yakitina
yakin performans degerleri elde edilmistir. Labeckas ve
Slavinskas [10] yapmis olduklar1 g¢alismada, kanola
tohumu yagindan elde ettikleri biyodizeli %5, %10,
%20 ve %35 oranlarinda standart dizel yakitina
karigtirarak 4 silindirli bir dizel motorda test etmislerdir.
HC emisyonlar1 tiim biyodizel karigimlarinda daha
diisiik ¢ikarken, karigimdaki biyodizel orani arttikca
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(1400 d/d, 2000 d/d, 2600 d/d, 3200 d/d) tek silindirli
dizel bir motorun tork, gii¢ degerleri ve giirilti
emisyonlarina  olan  etkileri  deneysel  olarak
incelenmigtir. Deneysel caligmalarda kullanilan motor
test diizeneginde; direkt enjeksiyonlu, 4 zamanli ve tek
silindirli hava ile sogutmali bir dizel motor ve 15 kW
giic absorbe edebilen bir elektrikli dinamometre
kullanilmistir. Deney 6ncesi motorun yakit pompasi ve
enjektor ayarlari orijinal degerlere gore yapilmistir.
Deney motoruna ait teknik ozellikler Cizelge 2’de
verilmigtir.

Cizelge 2. Deney motorunun teknik ozellikleri (The
technical specifications of the test engine)

Motorun Markas1 ve Modeli Antor 6LD 400
Silindir Say1si 1

Kurs Hacmi 395 cm?
Sikistirma Oran 18:1

Sogutma Sistemi Hava Sogutmali
Maksimum Motor Devri 3600 d/d
Enjektor agilma basinci 200 bar
Maksimum Motor Momenti ?sz,(\l)r?]/)d’da
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Elektrikli dinamometreye ait teknik 6zellikler Cizelge

3’de ve deney diizeneginin sematik goriiniimii Sekil

1’de verilmistir.

Cizelge 3. Elektrikli dinamometreye ait teknik
ozellikleri (The technical specifications of
the electrical dynamometer)

Markasi Kemsan

l\/.l.all<.5|mum frenleme 15 KW

glicli

Maksimum Devir 6000 d/d

Yk hiicresi modeli E.Sl.t STCS 50 model (S
tipi)

Yk hiicresi kapasitesi 50 kg

Elektrik ihtiyaci 220/380 V. 50 Hz.

Doniis yonii Saga doniis

Deney diizenegi, motor devrini ve dinamometreye etki
eden kuvveti goriintiilleyen dijital gdstergeler, 100 ml
kapasiteli yakit tiiketimi Ol¢me biireti ve kontrol
panelinden olusmaktadir.

1. Yiik sensorii (Load cell) 2. Elektrikli dinamometre

3.Hiz sensorii 4.Egzoz 5.Dizel motor 6.Yakit pompasi 7.

Giiriiltii 6l¢tim cihaz1 8.Yakit kab1 9.Yakit dl¢iim biireti

10. Hiz gostergesi 11. Tork gostergesi 12.Yiikleme

anahtar1

Sekil 1. Deney diizeneginin sematik goriiniimii
(Schematic view of the experimental setup)

Deneyler 10 °C ortam sicakliginda gerceklestirilmistir.
Deneylere baglamadan 6nce motor 10-15 dakika kadar
calistirilarak, motor uygun c¢alisma sicakligina
getirilmistir. Tiim deneyler motor yag sicakligi 50 °C’ye
ulaginca aym sartlar altinda yapilmistir. Her bir deney
ayni sgartlar altinda 3 kere tekrarlanarak, elde edilen
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verilerin ortalamast alinmigstir. Glirtilti O6l¢iimii igin,
Svantek 104 model bir giiriiltii 6l¢iim cihazi (dozimetre)
kullanilmugtir.  Giiriiltii  6l¢im cihazina ait  teknik
ozellikler Cizelge 4’te verilmistir. Giiriiltii 6l¢iimii igin
cihaz, 1SO 362-1:2007 standardina uygun olarak motor
blogundan 1 m uzakliga yerlestirilmistir [11]. Deneyler
oncelikle standart dizel yakiti, daha sonra KYME20 ve
KYMEA40 yakatlari ile yapilmistir.

Cizelge 4. Giiriiltii 6l¢iim cihazi teknik 6zellikleri (The
technical specifications of the noise
measuring device)

Markasi Svantek SV 104

A CveZ

Filtreler

Zaman sabitleri Yavag, Hizli, Impulse

55 dBA RMS + 140.1 dBA Pik

Olgiim aralig1

Frekans araligi 30 Hz + 8 kHz
Dinamik aralik 95 dB
Hafiza 8 GB

3. DENEY SONUCLARI VE TARTISMA
(EXPERIMENTAL RESULTS AND
DISCUSSION)

3.1. Motor Tork ve Gii¢c Degerlerinin Degisimleri
(Variation of Engine Torque and Power)

Motor devri ve yakit cinsine bagli olarak motor moment
degisimi Sekil 2’de, gii¢ degisimi ise Sekil 3’de
verilmistir. En yiiksek moment ve gii¢ degerlerine
standart  dizel yakiti1 ile ulasilmustir.  Yakat
karigimlarindaki KYME oranina bagl olarak motor tork
ve giic degerleri azalmaktadir. Bunun temel nedeni,
KYME’nin alt 1s1l degerinin standart dizel yakitin alt 1s1l
degerinden daha diisiik olmasidir. Bu nedenle yakit
karigimlarinin  alt 1s1l degerleri, igerigindeki KYME
oranina bagli olarak diiserek yanma sonu agiga ¢ikan
enerjiyi diisiirmektedir. Bir diger sebep ise, KYME’nin
yogunluk ve viskozitesinin standart dizel yakitindan
yiiksek olmasidir. Yiiksek yogunluk ve viskozite,
KYME igerikli  yakitlarin  silindir  igerisindeki
atomizasyonunu olumsuz ydnde etkileyerek yanmayi
kotiilestirmektedir. Bu nedenlere bagli olarak motor
momenti ve giicli, yakit karnisimlarindaki KYME
oranina baglh olarak diigmiistiir [12-14].
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Sekil 2. KYME ile standart dizel yakit1 karigimlarinin motor torkuna etkisi
(The effect of standard diesel fuel mixture with COME to engine torque)
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Sekil 3. KYME ile standart dizel yakit1 karigimlarinin motor giiciine etkisi
(The effect of standard diesel fuel mixture with COME to engine power)

3.2. Giiriiltii Emisyonu Degisimleri (Variation of
Noise Emissions)

Icten yanmali motorlar en Snemli  giiriilti
kaynaklarindan biridir. I¢ten yanmali motorlarda
guriiltd, silindir igerisinde olusan basing ve mekanik
kuvvetlere baglidir. Dizel motorlarda yanma siireci, en
O6nemli giiriiltii kaynagi olarak kabul edilebilir [15-16].
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Yanma baglangicinda olusan ani basing artigi, yanma
odast i¢inde gaz hareketini hizlandirir [17]. Silindir
icindeki bu basing artigi, yanma odasi duvarim
dogrudan etkileyerek, motor blogunda titresimlere
neden olur. Olusan titresim ortamda ses olusturur.
Ayrica yanma ile baslayan basing gradyani, yanma
odas1 igindeki gazi rezonansa sokabilir. Bu salinim
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yanma odasi geometrisi ve gaz sicaklii ile kontrol
edilir.

Biyodizel yakitlarin kimyasal ve fiziksel ozellikleri
yanma verimliligini, dolayisiyla yanma giriiltiisiini
etkiler. Farkli oranlardaki KYME ve standart dizel yakat
karigimlarinin, tam yiikte motor devrine ve zamana
bagli olarak elde edilen giiriilti emisyonu degisimleri
Sekil 4’de verilmistir.

normalin iizerine ¢ikarak motorun vuruntulu ve
giiriiltiili ¢caligmasma neden olur [19]. KYME igerikli
yakitlarin yiiksek setan sayisina sahip olmalari, tutugma
gecikmesi siiresini  kisaltarak silindirde maksimum
basing artig1 oranini diiglirmiistiir.

Yakitlarin ~ enjektérden  piiskiirme  karakteristigini
viskozite  belirler.  Vizkozite, yakit enjeksiyon
baslangicint ve enjeksiyon basincini etkilemektedir.
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Sekil 4. Farkli motor devirleri igin giirtiltii seviyeleri (Noise levels for different engine speeds)

Sekil 4’te goriildiigi, 3200 d/d’ye kadar KYME igerikli
yakitlar ile standart dizel yakita gore daha diistik giiriilti
seviyeleri elde edilmistir. Yakit karigimlarindaki KYME
orani arttikga, giiriiltii seviyesi diigmektedir. 3200 d/d’de
ise, ilk 20. saniyeye kadar standart dizel yakit1 ile en
yiiksek giiriiltii seviyesi elde edilmistir. 20. saniyeden
sonra ise, standart dizel yakiti ile giiriiltii seviyesinin
KYME20’nin altina diigtiigli goriilmiigtiir. Yanma
gurliltiisii seviyesi, enjeksiyon zamanlamasi ve tutugma
gecikmesi gibi parametrelere bagli olan silindir basinci
artis oranina baglidir [18]. Tutusma gecikme siiresinin
uzun olmasi, yanma Oncesi silindire daha fazla yakit
puskiirtiilmesine neden olur. Yanma oOncesi silindirde
yakit birikmesi, yanma aninda fazla miktardaki yakitin
aniden yanmasina neden olarak basing artig oraninin

Yiiksek viskozite, yakitin damlacik capini artirarak
atomizasyonu olumsuz yonde etkiler. Ayrica pompanin
yakit gonderme miktarin1 azaltarak daha az miktardaki
yakitin yanmasina neden olur. Bu nedenle, silindir igi
basinct artis oran1 ve maksimum yanma sonu basinci
diiserek yanma giiriiltiisii azalir. KYME igerikli yakit
karigimlarinin  yiiksek viskozitesi, setan sayist ile
birlikte, motor giiriiltii emisyonlarini azaltici yonde etki
etmektedir  [18-20]. Damlacik  biyikligi  ve
momentumuna bagli olan yakit piiskiirte ozellikleri,
karigim-niifuz oranini, buharlagma oranini ve 1s1 transfer
oranin1 etkiler. Bu 0Ozelliklerin herhangi birinin
degismesi, difiizyonal yanma rejimine karsi farkli 6n
karigim siirecine neden olur. Bu nedenle 6n karisim
islemi esnasinda daha az miktarda yakit yanarak
maksimum silindir basincit azalir ve yanma giiriiltii
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seviyesi diiser. [20- 24]. Tim bu nedenlerden dolay1
karisim igerigindeki KYME oranina bagli olarak motor
giiriiltii seviyesi genel anlamda diismiistiir.

Sekil 5’te KYME ile standart dizel yakit karisimlarinin
ortalama giiriilti emisyon degerlerine olan etkisi
verilmigtir.

KYME igerikli yakitlar ile motor giiriiltii emisyonunun
azaldig1 goriillmiistiir.
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Sekil 5. KYME ile standart dizel yakiti karigimlarinin ortalama giiriiltii emisyon degerlerine etkisi (The effect of standard
diesel fuel mixture with COME to average noise emission values)

Sekil 5°te gorildigi gibi ortalama giiriiltii emisyon
degerleri yakit karigimlarindaki KYME oranina bagh
olarak azalmaktadir. Ayrica, motor devrine bagl olarak
ortalama giiriilti emisyon degerleri artmaktadir. Bu
durum, motor devrine baghh olarak karisimin
zenginlesmesinden ve dolayist ile yanma basincinin
artmasindan kaynaklanmaktadir.

4. SONUCLAR (CONCLUSIONS)

Silindir i¢inde gaz basing gradyanim etkileyen yakit
yanma hizinin kontrolii, yanma giiriiltiisliniin azaltilmasi
igin Onemli bir etkendir. Bu ¢aligmada, farkli
oranlardaki KYME ve standart dizel yakit karigimlarinin
tek silindirli bir dizel motorun performans ve giiriilti
emisyonlarina olan etkisi incelenmistir. KYME igerikli
yakitlarin alt 1s11 degeri standart dizel yakitin alt 1s1l
degerinden daha diisiik, yogunluk ve viskozitesi ise
daha yiiksektir. Bundan dolayi, motor torku KYME20
ile standart dizel yakita gore tiim devirler igin ortalama
olarak %12 ve KYME40 ile %16 digmiistir. Motor
gicii ise KYME20 ile %8, KYME40 ile %10
dismiistir. KYME igerikli yakitlarin yiiksek setan
sayist nedeniyle tutusma gecikmesi kisalmakta ve bu
stire igerisinde buharlagan yakit miktar1 da azalmaktadir
[20,21]. Bu nedenle, yanma sonu basing ve sicakliginin
diismesiyle, yanma siddetine bagli olan motor giiriiltii
emisyonlart da azalmistir. Sonugta, KYME ve
karigimlarinin dizel motorlarda herhangi bir degisiklige
gidilmeden alternatif yakit olarak kullanilabilecegi ve
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Pd/AC Katalizorii Esliginde Karbofos’un Islak Hava
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(0V4
Bu ¢aligma pestisit tiirevi olan organofosforlu insektisitlerden karbofos’un Islak Hava Oksidasyon yontemi (IHO) ile aritiminda
optimum kosullarin belirlenmesi {izerine yapilmistir. Ticari Pd/AC katalizoriiniin kullanildig1 deneyler pH=5,5-6,0 ortaminda,
500 rpm karistirma hizinda ve kesikli sistemli bir reaktérde caligilmistir. Deneysel ¢aligmalarda farkli basing, sicaklik ve
katalizor miktarinin karbofos’un giderim verimine olan etkisi incelenmistir. Yapilan ¢alismalar sonucunda sicaklik 363 K, basing
2,0 MPa ve Pd/AC katalizor miktart 0,03 g optimum kosullar olarak belirlenmis ve bu kosullarda karbofos’un giderim verimi %
85,53 olmustur. Sonug olarak, Pd/AC katalizoriiniin karbofos’un IHO prosesiyle aritiminda etkili oldugu goriilmistir.

Anahtar Kelimeler: Karbofos, Islak Hava Oksidasyonu, Pd/AC katalizérii, Giderim verimi

Determination of Optimum Conditions in Treatment of
Carbofos by Wet Air Oxidation with Using Pd/AC
catalyst

ABSTRACT

This study has been conducted on the determination of optimum conditions in treatment of carbofos which one of the
organophosphorus insecticides, by Wet Air Oxidation (WAO) process. Experiments which commercial Pd/AC catalyst was used
have been done in a batch reactor system at pH=5.5-6.0 with 500 rpm stirrer speed. In experimental studies, the effects of
different pressure, temperature and amount of catalyst to the removal efficiency of carbofos were investigated. As a result of the
studies, 363 K temperature, 2.0 MPa pressure and 0.03 g Pd/AC catalyst amount were found as the optimum conditions and in
these optimum conditions the removal efficiency of carbofos was 85.53 %. In conclusion, it is found that Pd/AC catalyst is
effective in treatment of carbofos by WAO process.

Keywords: Carbofos, Wet Air Oxidation, Pd/AC catalyst, Removal efficiency

1. GiRiS (INTRODUCTION) tehdit eden toksinlerin iiretimine neden olmaktadir. Bu

insektisitler, kararlilig1, tagmabilirligi ve canli organiz- 9rup  Kimyasallar: karbofos —(malation),  diazinon,
malar iizerindeki uzun vadeli etkilerinden dolay1 en  Klorpirifos, azametifos, diklorvos, paration ve metil-
tehlikeli gevre kirleticilerinin arasinda yer almaktadir ~ Paration gibi insektisitleri igerir [5]. Bu insektisitlerin
[1]. Bunlar gesitli su kaynaklarinda bulunan en 6nemli arasindan, kgrpofos hala yaygin olarak tarlmse'll
kirleticilerin arasindadir. Organoklorlu insektisitlerin ~ Uygulamalar i¢in kullanilmaktadir ve onun bu genis
kullanimi  yasaklandigindan  beri,  organofosforlu kullanimi tarimsal drenaj sularinda karbofos miktarinin
insektisitler diinya ¢apmnda en ¢ok kullanilan simif haline ~ artmasina neden olmustur [6]. Karbofos,.D'ijnya .S.aghk
gelmistir. Bunlar cesitli kaynaklardan, 6zellikle tarrmsal ~ Orgiitii tarafindan orta diizeyde tehlikeli insektisit (II
drenaj atiksu aritma tesislerinden ve diger su Simuf) olarak  smiflandinlmistir.  Karbofos b'r
kaynaklarindan gevreye serbest birakilmaktadir [2]. Bu ~ nhorotoksindir ve agik bir ortamda elde ed1leb1l1r
sularin desarj1 ciddi gevre kirliligine neden olmaktadir konsan.trasyonlarda, suda yasayan Qrganlzmglgr,
[3]. Organofosforlu insektisitlerin gevre orneklerinde memeliler ve k}lslaTI? baz1 .tﬁrlcTrl 1¢1n zeh.1r11.d1.r.
bulunan konsantrasyonlar1 yiizey ve yeralti suyunun Karbofos’un toksik etkileri asetilkolinesteraz enziminin
maksimum  kirlenme  diizeyini = asmistir  [4]. 1nh1blsy.onuy1a 111§k111d1r [.7]. In.se.k.tlsn k}r}lhgme olan
Organofosfatlar gevresel bozulmaya ve insan saghgm ~ dogal risk, genellikle bu insektisitin su i¢inde yiiksek
¢ozuniirliigli, toprakta diigiik sorpsiyonu, toksisitesi,
* Sorumlu Yazar (Corresponding Author) kimyasal kararliligi, biyolojik birikimi ve disiik
e-posta: sevilv@kocaeli.edu.tr biyolojik bozunurlugundan dolayi belirgindir [8]. Bu
Digital Object Identifier (DOI) : 10.2339/2016.19.1 61-66 bilesiklerin tehlikeli dogas1 ve genis kullanimi, onlarin
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giderimi ile ilgili ortak yontemleri gelistirmeye tesvik
etmistir [9].

Karbofos’un giderimi fizikokimyasal ve biyolojik
stirecler ile elde edilebilir. Biyoremediasyon bakteri,
mantar, yesil bitkileri ya da onlarin enzimlerini kullanan
bir  biyolojik  aritim olarak  tanimlanabilir.
Fizikokimyasal yontemlere gore daha az enerji ve
kaynak tiiketir, boylece maliyeti daha ucuzdur [10].
Ama insektisitlerin, yiiksek toksik madde igeriginden
dolay1  biyolojik bozunmasi1  genellikle zordur.
Organofosforlu insektisitlerin gideriminde, graniil aktif
karbon Adsorpsiyonu, Islak Hava Oksidasyonu (IHO),
foto-Fenton, UV/O; veya UV/H, O, ve Elektro-
Fenton gibi  ¢esitli  fiziksel-kimyasal  islemler
uygulanmistir [9]. Karbon adsorpsiyonunun ¢ok etkili
oldugu goriilmiis, ancak karbon filtrelerinin hizla
doymus hale gelmesinden ve yan iriinlerin
olusmasindan dolay1r insektisitlerin giderim verimi
azalmistir. Koagiilasyon/flokiilasyon ve sedimantasyon
yontemleri  ise, pestisit endiistri  atiksuyunun
gideriminde 6n  antim  olarak  ileri  aritim
teknolojilerinden 6nce kullanilmaktadir [11]. IHO
prosesi ¢esitli atik sularin arittminda daha Once
kullanilmistir. Bu yontem yiiksek oranda organik madde
(yaklasik 10-100 g KOI/L) ve dogrudan biyolojik
aritimi miimkiin olmayan toksik kirleticileri igeren atik
suyun aritimi i¢in yliksek bir potansiyele sahiptir [12].
IHO prosesi nispeten yiiksek sicakliklarda (493-593 K)
ve basinglarda (5,0-20,0 MPa) uygulanir. Oksitleyici
kaynagi olarak oksijen veya hava kullanilir ve atik
sudaki  organik bilesikleri CO, ve H,; O’ya
doniistiirerek, toplam oksidasyonunu igerir. Islem
kosullarin1 azaltmak i¢in uygun katalizorler dahil
edilebilir. Son yillarda bu amagla ¢esitli degerli metaller
(Pt, Pd, Ru, Ir, vb), metal oksitleri (CuO, CeO,,
MnO, , vb.) ve karbon malzemelerinden olusan
heterojen katalizorler ¢alisilmistir [13]. Bu katalizorler
organik bilesiklerin Katalitik Islak Hava Oksidasyonu
(KIHO) ile arttiminda iyi aktivite gostermisler. IHO ve
KIHO yontemleri fenol, karboksilik asit ve polietilen
glikol igeren sularm aritimma uygulanmistir [14].
Karbofos’un THO yontemi ile aritimi hakkinda yeterli
sayida caligma bulunmamaktadir. Genellikle Fenton
reaktifi, Foto-Fenton, elektrooksidasyon gibi oksidasyon
prosesleri daha ¢ok uygulanmustir [6, 9, 11, 15, 16].

Bu aragtirmanin amaci, karbofos’un Pd/AC katalizorii
kullanilarak Islak Hava Oksidasyon yontemiyle
aritimin incelemek ve optimum kosullar1 belirlemektir.
Calismada sicaklik, basing ve katalizor miktar1 gibi
faktorlerin karbafos’un giderim verimine olan etkisi
arastirilmigtir.

2. MATERYAL VE YONTEM (MATERIAL AND
METHOD)

2.1. Kullamlan Pestisitin Ozellikleri (The Properties
of Using Pesticide)

Deneysel calismalar i¢in %96 safliktaki teknik karbofos
Shenzhen Longshine Chemical Co. Ltd fabrikasindan
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temin edilmistir (Izmit/Kocaeli). Karbofos’un kimyasal
yapist Sekil 1°de, teknik oOzellikleri ise Cizelge 1°de
verilmistir.

Sekil 1. Karbofos’un kimyasal yapist
Cizelge 1. Karbofos un teknik 6zellikleri

Malation (Karbofos)
S-1,2-bis(etoksikarbonil)O,O-dimetil fosforotiyoat
121-75-5

C10H1006 PS;

Minimum % 96

330,3 g/mol

Agik sari renkli, homojen sivi seklinde
Ozel kokulu
1,23 g/cm?® (293 K)

Suda ¢oziiniirliigi: 145 mg/l (oda sicakliginda),
Birgok organik ¢oziiciilerde ¢oziiniir. Petrol ,eterde az
¢Ozlniir

5,3 MPa (293 K’de)

Oda sicakligina kadar kararlidir. Kuvvetli bir baz
¢ozeltisinde kolayca parcalanabilir.

2.2. Katalizoriin Ozellikleri (Catalyst Properties)

Calismada kullanilan Pd/AC katalizorii Albar kimya
San. ve Tic. Sirketinden (izmit/Kocaeli) temin
edilmistir. %5 agirlikli (kuru bazda) palladium ABD’nin

Sigma-Aldrich  Chemistry  iriintidiir.  Katalizoriin
ozellikleri Cizelge 2’de verilmistir.
Cizelge 2. Pd/AC’ un ozellikleri
Katalizor Pd/AC
CAS numarasi: 740-05-3
Pd molekiiler agirlig: 106,42 g/mol
Erime noktasi 1827 K
Kaynama noktasi 3243 K
Oz kiitlesi (yogunlugu) | 12,02 g/cm?
Matriks Aktif karbon, nemli
destek



http://www.commonchemistry.org/ChemicalDetail.aspx?ref=121-75-5
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D0%B0
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2.3. Islak Hava Oksidasyon Deney Diizenegi ve
Deneysel Prosediir (Wet Air Oxidation Test
Setup and Experimental Procedure)

Deneysel caligmalar Biichiglasuster Hade C25P markali
600 ml kapasiteli Islak Oksidasyon cihazinda
gerceklestirilmigstir. Cihaz, paslanmaz g¢elikten yapilmis
basingli reaktérden (Biichiglasuster Ecoclave 600 ml,
423 K, 6,0 MPa basingh reaktor sistemi), yag 1sitmali
sirkiilator sisteminden (Thermo Scientific Phoenix II-
HAAKE C25P sirkiilator sistemi) ve karistiricidan
(Biichiglasuster cyclone 075) olusmaktadir. Bu
calismada kullanilan THO cihazinin sematik gosterimi
Sekil 2’de verilmistir.

aralikli numuneler (5 ml) reaktoriin yliksek kismindaki
numune alma tipiinden alinmistir. Numuneler 0,45
mikron filtre kagidi ile siiziilerek kiigiik kaplara
konulmus ve sonuglar HPLC cihazinda okunmustur.

2.4. Analiz Yontemleri (Analysis Methods)

Deneylerde pH o6l¢iimleri Thermo Scientific markali,
Orion Star 111 modelli pH metre ile yapilmistir. pH
ayarlamalar1 0,5N  H3PO, ile yapilmistir. Cozelti
hazirlamada MS300HS model manyetik karistiric
kullanilmigtir.  Tiim deney sonuglarina  Agilent
Technologies markalit HPLC-UV cihazinda bakilmistir.

b Arabkh numune
Kangtines alma tipd
== Buchislaznster K‘"—?“—E‘“ hin
o kontrolid
Basmg
gostenmi
Besleme blf%l{
VA AV A
Sirkiilator sistemi / / .
ve sicakhk ayvan / ,"" Paalamu —IH Kun hava
Gelk tipl
= /
/ o
= -
/ ¥ /|
- /
o) /|
1 pervans 'J.r'
i ] /f///// // / /
Cikas

Sekil 2. IHO cihazinin sematik gdsterimi

Deneysel ¢aligmalarda teknik karbofostan 84 pl alinarak
10 ml asetonda ¢oziindiikten sonra 1 L’e saf suyla
tamamlanmistir. Bu ¢o6zelti, 100 mg/1 stok ¢dzelti olup,
bundan 20 mg/l standart ¢ozelti elde edilmistir. Standart
¢Ozeltiden 400 ml alinarak farkli miktarlarda Pd/AC
katalizorli numuneye eklenmis ve cihazin st
kismindaki numune koyma yerinden, hiini yardimiyla
reaktore verilmistir. Reaktor  kesikli olarak
calistirllmistir. Deneyler ¢ozeltinin pH degeri 5,5-6,0’ya
ayarlanarak yapilmistir. Ciinkii karbofos’un sudaki
bozunmas1 pH’a baglidir ve pH>7 oldugunda hizlh
bozunur [17]. Sirkiilator sistemi ile farkli sicaklik ve
kuru hava tiiplinden farkli basing reaktdre verilmistir.
Homojenligi saglamak igin reaktdr siirekli 500 rpm
karistirict hiziyla karistirillmistir. Reaksiyon siiresi 120
dakika stirerek, t=0; 5; 45; 85 ve 120 dakikalarda

2.5. HPLC Cihazi (HPLC Device)

HPLC-UV cihazina ait konfigiirasyon ve metot bilgileri
asagida ozetlenerek Cizelge 3’de verilmistir.

Cizelge 3. HPLC cihazinin konfigiirasyon ve metot bilgileri

Dalga boyu, £ 215 nm
Kolon akis hizi 1 ml/min
Kolon sicakligi 298 K

Tastyicilar %50 Asetonitril, %50 saf su

Kolon tiirti Proshell 120 EC-C18, (4,6x50
mm, 2,7 mikron), 6,0 MPa

basing dayanimli
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3. BULGULAR VE TARTISMA (RESULTS AND
DISCUSSION)

3.1.Katalizor Miktarimn Etkisi (Effect of Catalyst
Amount)

Karbofos’un IHO’la aritiminda kataliz6r miktarinin
etkisini incelemek i¢in 0,01; 0,02 ve 0,03g Pd/AC
katalizorii kullanarak deneyler yapilmistir. Deneyler

stiren deney sonunda 0,01 g, 0,02 g ve 0,03 g Pd/AC
miktarlar1 i¢in en yiiksek giderim verimleri sirasiyla
%28,53, %33,45 ve %59,64 olarak elde edilmistir. En
iyi giderim veriminin 0,03 g Pd/AC katalizér miktar1
kullaniminda elde edildigi goriilmiistir ve deneylere
0,03 g Pd/AC ile devam edilmistir.

— 100
g\°, 904 B 0,01 g Pd/AC katalizorii
= 804 ® 0,02 g Pd/AC katalizori
5 0,03 g Pd/AC katalizor
> 70-
1S
'S 60+
e
o 509
5 401
[ °
g 307 ° : u
i) )
5 20* - =

10

0 T T T T T T T
0 20 40 60 80 100 120
Reaksiyon Siresi (min)

Sekil 3. Karbofos’un IHO yontemi ile aritiminda katalizor miktarinin etkisi

¢ozeltinin pH degeri 5,5-6,0, sicaklik 333 K, basing 2,0
MPa ve 500 rpm karigtirict hizinda, 120 dakikada
yiiriitiilmiistiir. Aralikli numuneler t= 0; 5; 45; 85 ve 120
dakikalarda alinmistir. Bu deney sartlarinda elde edilen
sonuglar Sekil 3’te verilmistir.

Sekil 3’ten goriildiigii gibi katalizor miktar1 arttikga
karbofos’un giderim verimi de artmustir. 120 dakika

3.2. Basicin Etkisi (Effect of Pressure)

Caligmada basincin etkisini incelemek i¢in 1,0; 2,0 ve
3,0 MPa kuru hava basinci reaktére verilmis ve
belirlenen 0,03 g katalizoér miktari, 333 K sicaklik, ayni
pH, basing ve karistirict hiziyla deneyler yapilmistir.
Elde edilen sonuglar Sekil 4’te gdsterilmistir.

Basing, oksidasyon deneylerini etkileyen Onemli

100

90d| ® 10MPa

1| ® 2.0MPa
801 3.0 MPa
70 -

60-
50
40_- - | )
30-
208
101

Karbofos'un Giderim Verimi(%o)

0 y T y T
0 20 40

60 80
Reaksiyon Siresi (dKk)

T T T T T
100 120

Sekil 4. Karbofos’un IHO yontemi ile aritiminda basincin etkisi
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parametrelerden biridir. Sekil 4’ten gorildiigii gibi
basing arttikga karbofos’un giderim veriminde de artis
gozlenmistir. 1,0; 2,0 ve 3,0 MPa basing igin
karbofos’un giderim verimi reaksiyon sonunda sirasiyla
%50,74; %59,64 ve %58,37 olarak elde edilmistir.
Basing artmasi ile giderim verimindeki artis diger
calismalardan da goriillmektedir [18, 19]. 2,0 ve 3,0 MPa
basing araliginda anlamli bir degisim olmadig1 i¢in
sonraki deneylere 2,0 MPa basing ile devam edilmistir.

3.3. Sicakhigin Etkisi (Effect of Temperature)
Sicakligin giderim verimine olan etkisini incelemek icin

Sekil 5’ten gortildigi gibi sicaklik arttikga karbofos’un
giderim verimi de artmistir. Deney sonunda 303; 333 ve
363 K i¢in karbofos’un giderim verimi sirastyla
%45,07; %59,64 ve %85,53°dir. En iyi giderim verimi
de 363 K’de elde edilmistir. Sonuglardan goriildigii gibi
sicakligin artmasi ile giderim verimi de dnemli derecede
artmugtir. Bu durum literatiirdeki diger caligmalarda da
gozlenmistir [20, 21].

Deney sonuglar1 sicakligin oksidasyon deneylerinde,
basing ve katalizor miktar1 gibi diger parametrelere gore
daha etkili oldugunu gdstermistir.

100
S 90+
E 80
c ]
S 70+
E 601 m
3 504
= 404 ®m
2 30}
|
S 20 303 K
8 y B 333K
¢ 107 363K
O T T T T T T T T T
0 20 40 60 80 100 120
Reaksiyon Suresi (dk)
Sekil 5. Karbofos’un IHO yontemi ile aritiminda sicakligin etkisi
100
é:, 90
E 801 °
E’ 701 =
£ 60+ °®
= ]
S 504 ®
6 [ ]
= 40 A
w 304
"_g 20 B 0,01 g Pd/AC katalizorii
5 10- ® 0,02 g Pd/AC katalizéril
0,03 g Pd/AC katalizori
O T T T T T T T T T T
0 20 40 60 80 100 120
Reaksiyon Suresi (min)

Sekil 6. Optimum kosullarda katalizoriin az miktarlarinin denenmesi

0,03 g katalizor miktar1 ve 2,0 MPa basing ile
yukaridaki ayni deney sartlar1 saglanarak sisteme 303;
333 ve 363K sicaklik verilmistir. Sicakligin etkisi Sekil
5’te gosterilmistir.
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3.4. Optimum Kosullarin Etkisi (Effect of Optimum
Conditions)

Belirlenen optimum basing 2,0 MPa ve optimum
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sicaklik 363 K sartlarinda katalizoriin az miktarlar1 da
denenmistir. Bu sartlarda elde edilen deney sonuglar
Sekil 6’da verilmistir.

Sekil 6’dan gorilldigii gibi 120 dakika siiren deney
sonunda 0,01; 0,02 ve 0,03 g katalizor miktarlar1 icin
%73,57; %80,42 ve %85,53 karbofos giderim verimi
elde edilmistir. Sekil 3 ile kiyasladigimizda sicakligin
artmasi ile giderim veriminin arttig1 gorilmiistiir.
Burada katalizoriin az miktarlarinda bile iyi giderimi
saglayan faktoriin sicaklik etkisi oldugu goriilmektedir.

4. SONUCLAR (CONCLUSIONS)

Bu c¢alismada karbofos’un Islak Hava Oksidasyonu ile
arittimi1 Pd/AC katalizorii kullanilarak incelenmistir. Bu
kapsamda sicaklik, basing ve Kkatalizér miktarinin
giderim verimine olan etkisi aragtirtlmistir. Deneyler
120 dakikada aralikli numuneler alinarak kesikli
yaptlmistir. Bu ¢alisma igin optimum kosullar
belirlenmeye ¢alisilmigtir. Optimum katalizor miktari
0,03 g oldugunda %59,64, optimum basing 2,0 MPa’da
%359,64 ve optimum sicaklik 363 K’de % 85,53
karbofos giderilmistir. Kullanilan Pd/AC katalizdriiniin
calismada etkili oldugu goriilmiistiir.

Elde edilen deney sonuglarindan, Islak Hava
Oksidasyon yonteminin Pd/AC katalizorii kullanilarak
karbofos’un giderimi i¢in iyi bir aritim yontemi olarak
uygulanabilirligi sonucuna vartlmstir.
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0z
Polistiren, giinlik hayatta en yaygmn kullanilan sentetik polimerlerden biridir. Bu calismada degisik molekiil agirlikli
polistirenlerin asetik ve maleik anhidritlerle (BF;-O(C;Hs),) katalizérliigiinde daha 6nce bulunmus optimum reaksiyon sartlarinda
kimyasal modifikasyonu gergeklestirilmis ve yapisinda (CH3CO- ve -CH,-CH=CH-COOH) gruplar igeren degisik molekiil
agirlikli modifiye polistirenler sentezlenmistir. Elde edilen modifiye polistirenlerin kopma mukavemetleri, yumusama sicakliklar
ve sertlik tayinleri gibi ¢esitli fiziko-mekanik 6zellikleri incelenmistir. Sonugta elde edilen modifiye polistirenlere baglanan
fonksiyonel gruplarin 6zelliklerine bagli olarak kiyaslamalar yapilmistir.

Anahtar Kelimeler: Fiziko-Mekanik Ozellikler, Modifikasyon, Polistiren

Research of Physico-Mechanical Properties of
Modified Polystyrenes

ABSTRACT
Polystyrene is one of the most widely used synthetic polymer in daily life. In this study, the chemical modification of
polystyrenes which have different molecular weight, with maleic anhydride and acetic anhydride in the presence of catalyst
(BF3:O(CyHs), ) and in the optimum conditions which have been found in previous studies, has been done and some
polyfunctional groups (CH;CO- and -CH,-CH=CH-COOQH) containing polystyrenes have been manufactured. Various physico-
mechanical properties as tensile strengths, softening temperatures and hardness determination of modified polystyrenes have
been researched. Finally, modified polystyrenes have been compared depending on functional groups.

Keywords: Modification, Physico-Mechanical Properties, Polystrene

1. GIRIiS (INTRODUCTION) edilmistir. Farkl yapilara sahip modifiye

Yeni ézelliklere sahip polimerik malzemeler, polimer ve ~ Polistirenlerdeki fonksiyonel gruplarin fiziko-mekanik
plastik teknolojisi igin biiyiik 5neme sahiptir, monomer- ~ 9zelliklere etkisi arastirilmigtir.

lerin polimerlestirilmesi ve kimyasal modifikasyonu ile

sentezl.enebilirle.r. Sop yillarda, P().lifonksiyonel.p_oli- 2. MATERYAL VE METOD (MATERIAL AND
merlerin sentezi ve kimyasal modifikasyonu ve fiziko- METHOD)

mekanik O6zelliklerinin arttirilmasi ile ilgili ¢aligmalar
¢ogalmaktadir. Sanayide yaygin olarak iretilmekte olan
degisik molekiil agirlikli polistirenlerin yiiksek sertlik,
dielektrik, optik ozelliklerinin yani sira, bazi fiziko-
mekanik 6zelliklerinin diisiik olmasi, onlarin kullanim
alanlarinin azalmasina neden olmaktadir. Bu nedenle,
polistirenin  yapisina g¢esitli fonksiyonel gruplarin
baglanmas1 onun bazi eksik 6zelliklerinin giderilmesini
ve yeni Ozellikler kazanmasini saglamaktadir. [1-7]

Deneylerde ortalama molekiil agirligi 230.000 g/mol,
350.000 g/mol ve 500.000 g/mol olan polistirenler,
modifikator olarak maleik anhidrit ve asetik anhidrit
kullanildi. Modifikasyon reaksiyonunun gerceklestiril-
mesi i¢in katyonik katalizor olarak BF30(C;Hs),
kullanildi.  Coziicii  olarak  kullanilan  dikloretan,
kloroform, ¢oktiirlici olarak kullanilan metanol,
analizlerde kullanilan HCI, NaOH ve diger kimyasal
maddeler Merck ve Fluka firmalarindan temin edildi.

Bu calismada degisik molekiil agirlikli polistirenlerin 21, Polistirenin Maleik Anhidritle Kimyasal

male!kn a.rj@!.drltle ve aSEEIk anhldr.ltle, BF:“'O(CZHF’)Z Modifikasyon Yontemi (Chemical Modification
katalizorliiglinde daha oOnce belirlenmis optimum

reaksiyon  sartlarinda  kimyasal = modifikasyonu ) Method of POIyStyrene Wlth Maleic Anhyfj“de)v )
gerceklestirilmis, yapisinda (CH,-CH=CH-COOH) ve Polistirenin  kimyasal — modifikasyon  y0nteminin

(CHsCO-) grup igeren modifiye polistirenler elde  a¢iklanmasi i¢in burada érnek olarak molekiil agirhig
230.000 g/mol olan polistirenin  Maleik anhidritle

BF;0(C;Hs); katalizorliigiinde kimyasal modifikasyonu

* Sorumlu Yazar (Corresponding Author)
e-posta:ceritalaaddin@gmail.com Tmist
Digital Object Identifier (DOI) : 10.2339/2016.19.1 67-70 verilmigtir.
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Karistiricl, geri sogutucu, termometre ile donatilmig iic  oda sicakliginda 1 saat siirede asetik anhidrite gore 1:1
boyunlu balonda polistirenin hesaplanmig miktarlardaki ~ mol oraminda katalizér olarak BF;O0(C,Hs), damla-
¢ozeltilerine (6rnegin, 10 gr. polistirenin 200 ml. damla ilave edilir ve reaksiyonun tamamen sonlanmasi
dikloretandaki ¢o6zeltisine) polimer miktarinin %20'si  igin 1 saat daha karistirilir. Reaksiyon sonunda katalizor
kadar modifikatdr maleik anhidrit (2 gr.) kanigtirilarak ~ birkag damla metanolle deaktive edilir, reaksiyon
ilave edilir, maleik anhidrit tamamen ¢oziindiikten sonra  durdurulur ve hig¢bir yan {iriin olusmadan modifiye
oda sicakliginda 1 saat siirede maleik anhidrite gére 1:1  polistiren elde edilir.

mol oraninda katalizor olarak BF30(C,Hs), damla-  Reaksiyon tamamlandiginda karisim bir behere dékiiliir,
damla ilave edilir ve reaksiyonun tamamen sonlanmasi  modifiye edilmis polimer metanol ile ¢oktiiriilir,

igin 1 saat daha karistirilir. Reaksiyon sonunda kataliz6r  yakymlu etiivde 50-60°C'de 1 saat siirede kurutulur,
birka¢ damla metanolle deaktive edilir, reaksiyon — (ary1r [7,9,10]
durdurulur, metanolle ¢oktiriiliir ve hicbir yan firiin

olusmadan modifiye polistiren elde edilir. Ayni yontemle molekiil agirligi 350.000 g/mol ve

) ] 500.000 g/mol olan polistirenler de asetik anhidritle
Reaksiyon tamamlandiginda karigim bir behere dokiilir,  Br,0(C,Hs),  katalizérii ~ ortaminda  kimyasal

modifiye edilmis polimer metanol ile ¢oktiiriiliir, modifikasyona tabi tutulmustur.
vakumlu etiivde 50-60°C'de 1 saat siirede kurutulur,
tartilir. [6,9,10].

{CHy CHY o ----{CHE—CH}FHCHE— CH---
4y
R I COCH=CH-COCH
CH-¢Y
s

Sekil 1. Polistirenin Maleik Anhidritle Kimyasal Modifikasyon Denklemi (Equation of chemical modification between
polystyrene and maleic anhydride)

Ayni yontemle molekiil agirligi 350.000 g/mol ve .
500.000 g/mol olan polistiren de maleik anhidritle > ANALIZLER (ANALYSIS) _
BF;0(C,Hs), katalizorii ortaminda kimyasal 3.1. Asit Sayisimin Tayini (Determination of Acid
modifikasyona tabi tutulmustur. Number)

2.2.Polistirenin  Asetik  Anhidritle  Kimyasal ~Maleik anhidritle modifiye edilmis 1 gram polistiren
Modifikasyon Yéntemi (Chemical Modification ~ yuvarlak dipli balonda 20 ml b"enze.n(.ic? géziih'i.r,. lizerine
Method of Polystyrene with Acetic Anhydride) 20 ml 0,1 N KOH (etanolde) ¢ozeltisi ilave edilir. Sonra
e . - . . i sogutucu altinda su banyosunda 1 saat kaynatilir.
Polistirenin ~ kimyasal =~ modifikasyon  yonteminin gerl Sogu S
aciklanmasi i¢in burada ornek olarak molekil agirlig Sg.%.u tuld;lktalrjl sonra K?(Pééazlasll(to,l é\;{nHCLIIilseti:;trﬁZ
230.000 g/mol olan polistirenin Asetik anhidritle ~ Sdilir- [4]. Harcanan miktarindan, p

BF;0(C,Hs), katalizorliigiinde kimyasal modifikasyonu baglanan karboksil grubu (COOH) miktart asagidaki

verilmistir. gibi hesaplanir(1):

Karistiricl, geri sogutucu, termometre ile donatilmis ii¢

boyunlu balonda polistirenin hesaplanmis miktarlardaki AS = (mg KOH ) = 56,1 (V;N; —V;N;)
¢ozeltilerine (6rnegin, 10 gr. polistirenin 200 ml. e g m

dikloretandaki c¢ozeltisine) polimer miktarinin %20'si

---—{CH;'CH)&" cio —{CH, —CH~CH,—CHr,

._|_ \D EF:OiCaH2
M 0—CH,

Sekil 2. Polistirenin Asetik Anhidritle Kimyasal Modifikasyon Denklemi (Equation of chemical modification between
polystyrene and acetic anhydride)

kadar modifikator asetik anhidrit (2 gr.) kanstirilarak v/, : flave edilen KOH hacmi (ml)

ilave edilir, asetik anhidrit tamamen ¢oziindiikten sonra Nj : KOH ¢ozeltisinin normalitesi
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V, : Titrasyon i¢in harcanan HC] hacmi (ml) N, : HCI
¢Ozeltisinin normalitesi

m : Numune miktar1 (g)
A.S. : Asit sayisi

3.1.1. Modifikasyona polistirenin molekiil agirhgi-
nin  etkisi (Effect of molecular weight of
polystyrene on modification)

Polistirenin  kimyasal modifikasyonuna polistirenin
molekiil agurliginin  etkisini incelemek amaciyla
polistiren miktarina gore %30 oraninda maleik anhidrit
kullanilarak; oda sicakliginda, 55°C'de molekiil agirligi
230.000 g/mol, 350.000 g/mol ve 500.000 g/mol olan

3.3. Vicat Yumusama Sicakhiklar1 Tayini
(Determination of Vicat Softening Temperature)

Yapisinda CH3CO- ve CH,-CH=CH-COOH gruplari
bulunan modifiye polistirenler basin¢li enjeksiyon
cihazinda tablet haline getirilip vicat cihazinda 1°C/dk
hizla 1sitilmis ve cihazin ignesinin 1 mm numuneye
gectigi andaki sicaklik yumusama sicakligi olarak kabul
edilmisgtir. [11]

3.4.Kopma Mukavemeti Tayini (Determination of

Tensile Strength)

Yapisinda vinilketon gruplart bulunan modifiye
polistirenler basingli enjeksiyon cihazinda tablet haline

polistirenler kullamildi ve elde edilen modifiye getirilip ¢gekme-basma test cihaz_lnda (.;ekm.e t(.est.ine tabi
polistirenlere  baglanan karboksil grup miktarlari tutularak kopma mukavemetleri tesbit edilmistir. Elde
titrasyon metoduyla tesbit edildi sonugta diisiik molekiil edilen  kopma  mukavemeti  degerleri  asagida
agirhgmna sahip polistirenlerin  yiiksek molekiil ~ gOrtlmektedir. [11]
agirligina sahip polistirenlere nazaran yapilarina daha
fazla karboksil grup bagladiklari tesbit edildi.
Tablo 1. Polistirenin maleik anhidritle modifikasyonuna molekiil agirliginin etkisi (Effect of molecular weight on
modification between polystyrene and maleic anhydride)
Maleik Anhidrit Sicakhk M, (g/mol) Asit Sayisi
Miktari (%) (9] (mg KOH /g)
230.000 56,13
30 55 350.000 48,13
500.000 39,88

3.2. Asetil Grup Sayisimn Tayini (Determination of
Acetyl Group Number)

Sentezlenen modifiye polistirenlerin aromatik halkasina
baglanan CH3-CO- grup miktarlari reaksiyon ortaminda
olusan asetik asidin titrasyonu ile tayin edildi. Disiik
molekiil agirlikli modifiye polistirenlerin  yiiksek
molekiil agirliklt modifiye polistirenlere gore yapilarina
daha fazla karbonil grup bagladigi goriildi. Sonuglar
Tablo ile verilmistir. [8]

3.5.Sertlik Tayini (Determination of Hardness)

Yapisinda vinilketon gruplari  bulunan modifiye
polistirenler basingli enjeksiyon cihazinda tablet haline
getirilip  sertlikleri sertlik tayin cihazinda tesbit
edilmistir. Elde edilen sertlik degerleri asagida
goriilmektedir. [11]

Tablo 2. Polistirenin asetik anhidritle modifikasyonuna molekiil agirhiginin etkisi (Effect of molecular weight on
modification between polystyrene and acetic anhydride) (Asetik anhidrit miktar1 polistirene gore %20, Sicaklik =

30°C)
No M, (g/mol) AA:Katalizor Sicaklik(°C) CH,CO- (% mol)
1 230,000 1:1 30 10,5
2 350,000 1:1 30 9,8
3 500,000 1:1 30 4,9

Tablo 3. Modifiye polistirenlerin Vicat Yumusama Sicakliklari (Vicat softening points of modified polystyrenes)

Modifikator Molekiil Agirhig: (g/mol) Vicat Yumusama Sicakhg (°C)
230.000 76,7
Maleik Anhidrit 350.000 74,3
500.000 71.2
230.000 77.3
Asetik Anhidrit 350.000 72.5
500.000 69,4
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Tablo 4. Modifiye Polistirenlerin Kopma Mukavemetleri (Tensile strengths of modified polystyrenes)

Modifikator Molekiil Agirhg (g/mol) Kopma mukavemeti (kg/mm?)
230.000 3,62
Maleik Anhidrit 350.000 3,46
500.000 3,11
230.000 3,79
Asetik Anhidrit 350.000 3,51
500.000 2,97
Tablo 5. Modifiye Polistirenlerin Sertlik Tayini Sonuglar1 (Hardness measurement results of modified polystyrenes)
Modifikator Molekiil Agirhgi(g/mol) Sertlik (Shore D)
230.000 87,54
Maleik Anhidrit 350.000 83,97
500.000 79,03
230.000 85,69
Asetik Anhidrit 350.000 82,78
500.000 80,71

4. SONUCLAR (CONCLUSIONS)

Molekiil agirligi 230.000 g/mol, 350.000 g/mol ve
500,000 g/mol olan polistirenlerin  (BF3:O(C,Hs),)
katalizorliigiinde maleik anhidritle ve asetik anhidritle
daha oOnce bulunan optimum reaksiyon sartlarinda
kimyasal modifikasyonundan aromatik halkasinda
CH,-CH=CH-COOH ve CH3CO- gruplar bulunduran
modifiye polistirenler sentezlenmistir. Diigitk molekiil
agirlikli polistirenlerin yapisina daha fazla fonksiyonel
grup bagladigi goriilmektedir (Tablo 1 ve 2). Bunun
nedeni ise disiik molekiil agirlikli polimerlerin polimer
zincirlerinin daha kisa olmasi sebebiyle polimerde daha
fazla zincir ve zincir ucunun bulunmasi, zincir uglarinin
sayisinin daha fazla olmasi nedeniyle de fonksiyonel
gruplarin bu noktalardan daha ¢ok baglanabilmesidir.
Daha fazla fonksiyonel grup barindiran modifiye
polistirenler ise daha yiiksek fiziko-mekanik &zellikler
gosterebilmektedir. Sonu¢ olarak, diisiik molekiil
agirlikli modifiye polistirenler yapisina daha fazla
fonksiyonel grup bagladigindan Vicat yumusama
sicakliklari, kopma mukavemetleri ve sertlik degerleri
daha yiiksek elde edilmistir (Tablo 3, 4 ve 5).

5. KAYNAKLAR (REFERENCES)

[1] Kurbanli R., Mirzaoglu R., Karatas 1., Kara H.
“Polimer Kimyas1”, Selcuk Universitesi Fen Edebiyat
Fakiiltesi Yaywnlari, Konya, (2003).

[2] Biswas M.; Chatterjee S. <’Chemical modification of
polystyrene-1V. Electrophilic substitution of polystyrene
with cis-1,2,3,6 tetrahydrophthalic anhydride”’,
European Polymer Journal, , 19, 317-320 (1983).

[3] Kurbanli R., Okudan A., Mirzaoglu R., Kurbanov S.,
Karatas 1., Erséz M., Ozcan E., Ahmedova, G., Pamuk
V.,” Effects of the Functional Groups of Polystyrene on
its Adhesion Improvement and Corrosion Resistance”,

70

Journal Of Adhesion Science And Technology, 12 (9),
947-955 (1998).

[4] Ahmetli G., Yazicigil Z., Kogak A., Kurbanli R.
“Effects of different molecular weightspolystyrene on
the acylation reaction and on the reaction
kinetic’’, Journal of Applied Polymer Science, 96(1),
253-259 (2005).

[5] Crawford D. M., Napadensky E., Beck Tan N., Reuschle
D. A., Mountz D. A., Mauritz K. A., Laverdure K. S.,
Gido S. P., Liu W., Hsiao B. "Structure/Property
Relationships in Polystyrene-Polyisobutylene-
Polystyrene Block Copolymers”, Thermochimica Acta,
367-368, 125-134, (2001).

[6] Kurbanova R., Mirzaoglu R., Akovali G., Rzayev Z.,
Karatas I., Okudan A., “’Side-Chain Functionalization
of Polystyrene with Maleic Anhydride in the Presence
of Lewis Acids”’, Journal of Applied Polymer Science,
Vol.59; 235- 241, (1996).

[71 Mirzaoglu R., Kurbanova R. ve Ers6z M. “’Chemical
Modification of Polystyrenes in Presence of Cationic

Catalysis and Their Applications’’, Handbook of
Engineering Polymeric Materials, No: 4: 837, ABD,
(1997).

[8] Cerit A., “’Polifonksiyonel Polistirenlerin Derivatografik
Termal Destriiksiyonunun  Arastirilmast’’,  Yiiksek
Lisans Tezi, Selguk Universitesi Fen Bilimleri Enstitiisii,
(2005).

[9] Kurbanova R., Mirzaoglu R., Kurbanov S., Karatas 1.,

Pamuk V., Ozcan E. Okudan A., Giler E.

“Functionalization of polystyrene and adhesion

studies”, Journal Of  Adhesion Science And

Technology, 11 (1), 105-112 (1997).

Patent No: 713873, C 08 f 212/08, “’Polistirenin Yeni

Modifikasyon Metodu’’. (1979).

[11] Cerit A., < Vinilketon Gruplu Modifiye Polistirenlerin
Sentezi ve Ismlamanin Fiziko-Mekanik Ozelliklerine
Etkisi”’, Doktora Tezi, Selcuk Universitesi Fen Bilimleri
Enstitiisti, (2012).

[10]


http://www.sciencedirect.com/science/article/pii/0014305783901660
http://www.sciencedirect.com/science/article/pii/0014305783901660
http://www.sciencedirect.com/science/article/pii/0014305783901660
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=Y1BcEPCF7JgIN23HaPn&Func=Abstract&doc=1/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=Y1BcEPCF7JgIN23HaPn&Func=Abstract&doc=1/1

Politeknik Dergisi, 2016; 19 (1) : 71-83 Journal of Polytechnic, 2016; 19 (1) : 71-83

Modelling of Effects of VVarious Chip Breaker
Forms on Surface Roughness in Turning Operations by
Utilizing Artificial Neural Networks

Hiiseyin GURBUZ™, Adnan SOZEN?, Ulvi SEKER®
!Batman Universitesi, Teknoloji Fakiiltesi, Makine ve Imalat Miihendisligi Béliimii, BATMAN
%Gazi Universitesi, Teknoloji Fakiiltesi, Enerji Sistemleri Miihendisligi Bolimii, ANKARA
®Gazi Universitesi, Teknoloji Fakiiltesi, imalat Miihendisligi Boliimii, ANKARA
(Gelis / Received : 28.08.2015 ; Kabul / Accepted : 14.10.2015)

ABTRACT

In this study, the effects of different chip breaker forms and cutting parameters on the surface roughness on machined surfaces
were investigated experimentally in turning of AISI 1050 steel; and values of surface roughness obtained from experiments were
determined with empirical equations using artificial neural networks. The utilizing of ANN was offered to determine the surface
roughness depending on chip breaker forms and cutting parameters of AISI 1050 steel. The back propagation learning algorithm
and fermi transfer function were used in artificial neural network. Experimental measurements data were employed as training
and test data in order to train the neural network created. The best fitting training data set was attained with ten neurons in two
hidden layers 6 of which were at first hidden layer and 4 of which were at second hidden layer, making it possible to predict
surface roughness with precision at least as good as that of the experimental error over the entire experimental range. After
network training, R? value was found as 0.978, and average error as 0.018%. When the results of mathematical modelling are
examined, the computed surface roughness is observed to be apparently within acceptable values.

Keywords: Chip Breaker Forms, Surface Roughness, Artificial Neural Network (ANN), Turning

Tornalama Operasyonlarinda Farkli Talas Kirici
Formlarinin Yiizey Piiriizliiliigii Uzerinde Etkilerinin
Yapay Sinir Aglar1 Kullanilarak Modellenmesi

0z

Bu ¢alismada, AISI 1050 g¢eliginin tornalanmasinda, farkli talas kirict formlarmin ve kesme parametrelerinin islenmis
yiizeylerdeki yiizey piiriizliliigii {izerinde etkileri deneysel olarak arastirtlmis ve deneylerden elde edilen yiizey puriizliilik
degerleri yapay sinir aglart kullanilarak ampirik esitlikler ile belirlenmistir. AIST 1050 ¢eliginin talas kiric1 formlarina ve kesme
parametrelerine bagli olarak yiizey piirtizliligiinii belirlemek i¢in yapay sinir aglarin kullanimi 6nerilmistir. Yapay sinir aginda
geri yayilim 6grenme algoritmasi ve fermi transfer fonksiyonu kullanilmigtir. Olusturulan sinir agin1 egitmek amaciyla egitim ve
test verisi olarak deneysel 6l¢tim verileri uygulanmustir. Biitiin deneysel aralik iizerinde yiizey piiriizliligiini en iyi hassasiyet ile
tahmin etmek i¢in, en uygun egitim veri seti, miimkiin olduk¢a deneysel hatanin en az oldugu, on néronlu iki gizli katmanl ilk
gizli katmaninda 6, ikinci gizli katmanda 4 néron ile elde edilmistir. Ag egitildikten sonra, R? degeri; 0.978 ve ortalama hata
degeri; 0.018% olarak bulunmustur. Matematiksel modellemenin sonuglar1 incelendiginde, hesaplanan yiizey piiriizliiliigiiniin
acik bir sekilde kabul edilebilir degerler igerisinde oldugu goriilmiistiir.

Anahtar kelimeler: Talas Kirici1 Formlari, Yiizey Piiriizliiliigii, Yapay Sinir Aglar1 (YSA), Tornalama

1. INTRODUCTION (GIRIS) breaker form, etc.). One of the most important

Surface roughness has been one of the most significant ~ Parameters constituting cutting tool geometry is chip
criteria in numerous mechanical products in many areas, ~ Preaker forms. The most common method for chip
and had great significance in the assessment of DPreaking is the use of chip breakers on the cutting tools.
machining accuracy. The surface roughness in a turning ~ Chip breakers can be utilized for increasing chip
operation is directly influenced from cutting parameters ~ breakability which results in efficient chip control and
(feed rate, cutting speed, depth of cut) and by cutting advanced productivity. Cutting resistance is lowered

tool geometry (cutting edge form, nose radius, chip and the workpiece is given a better surface finish by
chip breakers. Of different process parameters, surface

Z_S’gsrt”a’m‘d;efiizsgu§Efzrgzgm‘;:‘g dﬁ”ttrhor) finish is the most significant factor determining the
Digital Object Identifier (DOI) : 10.2339/2016.19.1 71-83 quality of a workpiece. Thus the measurement of
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surface roughness is a very crucial stage in metal
cutting.

By a number of researchers, Mathematical models have
been developed to estimate the surface roughness.
Palanikumara at al. [1] analysed surface roughness in
turning of FRP tubes by PCD tool, they developed
empirical models correlating the surface roughness with
cutting parameters such as feed rate and cutting speed.
Cakir at al. [2] evaluated a mathematical modelling by
examining the effects of cutting parameters and
different coating material on predicting surface
roughness. Also, they revealed that among the cutting
parameters followed by cutting speed, feed rate has the
most significant influence. Abouelatte at al. [3]
predicted that surface roughness depends on tool
vibrations and cutting parameters in turning. They
utilized four models in order to foresee the surface
roughness together with the tool vibrations and cutting
parameters. The attained results are quite accurate and
appropriate for predicting surface roughness. Lin at al.
[4], comparing a few Mathematical models, modelled
cutting force and surface roughness for turning and
established the best model among them. Lalwani at al.
[5] developed a model by investigating the effect of
cutting parameters on cutting forces and surface
roughness in finish hard turning. In their surface
roughness model, the feed rate ensures primary help and
exhibits most significant affect.

The development of neurobiology has permitted
scientists to setup Mathematical models of neurons to
simulate neural behaviour. Approaches of Artificial
Neural Network (ANN) have been renowned types of
evaluation calculation methods for the last decades.
ANNs are good alternatives to conventional empirical
modelling depending on polynomial and linear
regressions in the field of process engineering [6]. ANN
has already been implemented to different fields by
numerous researchers [7-11]. Furthermore, in order to
estimate the surface roughness of machined workpieces
under different machining and cutting conditions, ANN
models were used by a number of researchers. Kim et
al. [12] assessed the performance of commercial chip
breakers, after he used a neural network that was trained
by means of the backpropagation algorithm. Crucial
element forms (land, breadth, radius, etc.) directly
affecting the chip formations were selected among the
commercial chip breakers and were employed as input
values of the neural network. Consequently, Kim et al.
bettered the performance assessment method and put it
into practices it to mercantile cutting tools, resulting in a
significant performance. In his study, Karayel [13]
submitted an ANN approach for estimation and control
of surface roughness. ANN can generate a correct
relationship between surface roughness and cutting
parameters. Accordingly, ANN can be employed for
modelling surface roughness so as to estimate real
approximate values before the stage of machining.
Ezugwua et al. [14] improved an ANN model for the
analysis and estimation of the relationship between
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cutting and processing parameters during high-speed
turning. With the contribution of the neural model, a
good performance was obtained with correlation
coefficient between model estimation and empirical
values. Ranganathan et al. [15] developed an ANN,
predicting surface roughness of the machined
workpiece. The most significant parameter to decide on
surface roughness is the combination of feed rate and
cutting speed, however the depth of cut is the least
important parameter to estimate surface roughness of
the machined surface. They observed a good coherence
between the experimental results and predictive models.
Venkata Rao at al. [16] employed the ANN to estimate
surface roughness, tool wear and amplitude of
workpiece vibration. The trained ANN was used to
estimate surface roughness, tool wear and workpiece
vibration. It was found that there is coherence between
experimental data and estimated values. The estimated
values were compared with the collected experimental
data and percentage error was calculated. Kumar and
Chauhan [17] developed ANN model which can be
employed to analyse the influences of the chosen
process parameters on surface roughness. It is apparent
from the analysis that feed rate has important
contributions. Natarjan at al. [18] developed an ANN
model by means of feed-forward back-propagation
network method to estimate surface roughness. The
surface roughness could be effectively estimated by
employing feed rate, cutting speed and depth of cut as
input parameters. Taking the individual parameters, into
consideration, they found that feed rate was the most
effective parameter, followed by cutting speed and
depth of cut. Nalbant et al. [19] modelled the
experimental study of the effects of coated and uncoated
inserts and cutting parameters on surface roughness
through ANN. ANN might be employed as a good
alternative in analysing the influences of processing
parameters and cutting tool geometry on the average
surface roughness. Soleimanimehr at al. [20] employed
neural networks to estimate surface roughness and
machining force in turning. The test of the trained
networks displayed good coherence existing between
their estimations and the experimental results. Paulo
Davim at al. [21] studied the effect of cutting
parameters by ANN models for predicting surface
roughness in turning. Among cutting parameters, both
cutting speed and feed rate are more important than
depth of cut on surface roughness.

In this paper, the effects of different chip breaker forms
and the variations in the cutting parameters (cutting
speed, feed rate and depth of cut) on the surface
roughness in turning of AISI 1050 steel was
investigated [22, 23]. The purpose of the study proposes
a new approach based on artificial neural networks
(ANNs) to determine the effects of different chip
breaker forms on the surface roughness in machining of
AISI 1050 with empirical equation. The empirical
equation with high accuracy is obtained by ANN using
experimental data obtained from experimental studies.
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2. MATERIAL AND METHODS (MATERYAL

VE YONTEM)
2.1. Experimental Study (Deneysel Caligma)
In the tests, workpiece material of AISI 1050 (DIN
1.1210) is mostly employed in manufacturing. The
chemical composition of AISI 1050 steel obtained by
spectral analysis is shown in Tablel.

experiments are shown in Table 4. JOHNFORD T35
CNC Lathe was used in the tests.

Table 1: The chemical composition of AISI 1050 steel (AISI 1050 Celigin kimyasal bilegimi)

% C %Si %Mn %P %S %Cr
0,430 0,212 0,730 0,0197 0,0390 0,0776
%Mo %Ni %Al %Co %Cu %Fe
0,00752 0,0972 0,0110 0,00603 0,297 98,06

As specified by 1SO 3685, SNMG 120408R inserts and
PSBNR 2525M12 tool holder having 75° approaching
angle were utilized in the experiments. Five groups of
chip breaker forms were also utilized in the
experiments. The chip breaker forms are STD, MS, GH,
SA and MA of Mitsubishi Co. [24]. These inserts are
Mitsubishi UC6010 coated grade corresponding to 1SO
P15 grade. The geometry of the chip breaker being sold
by Mitsubishi is illustrated in Table 2. and Figure 1.
Though chip breakability can be expressed by various
parameters, the study, chip breakability was assessed by
two shape elements such as lengths and angles, which
were the most significant elements affected during chip
breaking. Technical specifications of cutting tools are
presented in Table 3. [24].

Table 4. Levels of input parameters (Girdi parametre
seviyeleri)

Cutting speed, V 150 — 200 — 250 — 300 - 350

(m/min)

0,15-0,25-0,35
16-25

Feed rate, f (mm/rev)

Depth of cut, a (mm)

Average surface roughness (Ra) was measured using
“Mabhr-Perthometer M1” a surface roughness measuring
device. The measurements were repeated three times in
5.6 mm sample length and arithmetic averages were
taken. 30 tests were fulfilled for each chip breaker form.

Table 2. Chip breakers could be determined shape elements (Talas kiricilarin geometrik dzelliklerinin belirlenmesi)

Chip breaker Type

Shape elements (Lengths () and Angels (o)) for determined chip breaker

0y 6 a 6 a3
STD 0° 0.25 15° 1.05 15°
MS 15° 0.50 25° 0.95 25°
GH 0° 0.32 18° 2.48 25°
SA 10° 0.30 25° 0.57 35°
MA 6° 0.2 22° 0.9 30°
Tablo 3. Technical specifications of cutting tools used for the tests (Deneylerde kullanilan kesici takimlarin teknik
ozellikleri)
Grade Hardness Torsional Coated Coating Layer
(HRA) Strength Method " ;
(Gpa) Composition Thickness
uC6010 90,5 2,0 CvD Three layer TiCN-AI,Os- Thick

TiN

Machining tests were performed by using five levels of
cutting speeds, three levels of feed rate and two levels
of cut depth. The cutting parameters used in the

A total of 150 experiments were fulfilled with dry
condition using new (unused) inserts in the tests. The
unvarying/stable surface roughness values were

73



Hiiseyin GURBUZ, Adnan SOZEN, Ulvi SEKER / POLITEKNIK DERGISI, Politeknik Dergisi, 2016; 19 (1) : 71-83

determined after whole machining was done, and
decided on the surface roughness values for each test.

output data. Moreover, it can constantly retrain the new
data, so that it will suitably be able to adapt to novel

Figure 1. The cutting tools used for the tests and their chip breaker forms [24] (Deneylerde kullanilan kesici takimlar ve talag

kirc1 formlari)

2.2. Mathematical Modelling: Artificial Neural
Network (Matematiksel Modelleme: Yapay Sinir
Aglar1)

Artificial neural networks (ANN) have been used

widely in numerous application fields. Researchers have

been applying the ANN technique in a successful way
to different fields and many others such as economics,
engineering, mathematics and medicine. ANNs have
been trained to accomplish the limitations of the
traditional approaches and to work out complex
problems. ANNs have been utilized for a number of
purposes for example optimization, data compression,
multi-sensor data fusion, classification, forecasting,
speech, pattern recognition, vision, etc. Today, ANNs
have been trained to figure out complicated problems

that are challenging for traditional approaches [25].

ANNs have resolved the limitations the traditional

approaches by extracting sought after information

utilizing input data. Such as specific equation form is
not need by ANN. However, it needs adequate input-
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data. ANN has been studied to cope with the problems
related to incomplete or imprecise information [26].

The advantages of ANNs are rapidity, simplicity and
capacity for learning out of examples when compared
with classical methods. Therefore, engineering effort
can be reduced in these fields. These can be learned
from examples and be dealt with non-linear problems.
In addition, they display robustness and fault tolerance.
The tasks that ANNs cannot process influentially are
those necessitating high correctness and precision as in
logic and arithmetic [27].

A significant phase of a neural network is the training
step, where an input is introduced to the network with
the required output and the weights are regulated so that
the network attempts can generate the required output.
The weights, after training, include meaningful
information, while before training, they are haphazard
and do not have any meaning. If it reaches an adequate
level, training terminates and the network utilizes the
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weights to take decisions to determine patterns or to
define relations in test data [28].

There are various learning algorithms. One of the most
significant  algorithms is the back-propagation
algorithm, having different variants. Standard back-
propagation is a gradient descent algorithm. It is very
challenging to know which training algorithm will be
the quickest one for a submitted problem.

ANN with back-propagation algorithm learns by
alternating the weights, and these alterations are saved
as knowledge. Some statistical methods, essentially
RMS, R? cov, maximum error (%), average error (%)
values, were utilized for comparison. Error during the
learning is called as root-mean-squared (RMS), and
specified as follows [27]:

)

1/2
RMS= [(1/p)Z‘tj _OJ‘Z]
J

Also, absolute fraction of variance (R?) and coefficient
of variation in percent (cov) are stated as follows,
respectively:

Z(t,- _OJ)Z

R2=1- ‘j—r )
2.l
]
cov = RMS *100 (3)
Omean

where t is target value, o is output value, p is pattern,
and Omean IS the mean value of all output data. Input and
output layer are normalized in the range of (-1, 1) or (0,
1) [27].

3. RESULTS AND DISCUSSION (BULGULAR

VE TARTISMA)
3.1. Experimental Results (Deneysel Sonuglar)

The surface roughness Ra (um) values measured by
cutting tests according to change in different chip
breaker forms and alterations in cutting parameters
(cutting speed, feed rate and depth of cut) are shown in
Figure 2. Theoretically, surface roughness is a function
of feed rate and nose radius. But in practice; cutting
speed, cutting depth, cutting tool geometry (cutting edge
form, chip breaker form, etc.) and tool wear have
influence on surface roughness as well. When the
graphs in Figure 2. are studied, it is seen that surface
roughness Ra (um) values decreases with increasing a
certain cutting speed (from V=150 m/min to V=250
m/min) for all chip breaker forms. This situation is in
agreement with the literature [29-31]. Decreasing
surface roughness values by increasing the cutting speed
can be explained that it is easy for deformation process
to occur because of the increasing temperature at high
speeds. It is stated in built up edge theory that a rough
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surface is attained at lower cutting speed and a smooth
surface at higher speed. This phenomenon can be seen
on the cutting tool’s surface as a result of a low speed
machining process. By increasing not only cutting speed
but also feed rate, it has been stated by some researchers
that this built up edge occurrence could be eliminated
[32, 33]. However, when cutting speed was increased
(from V=250 m/min to V=350 m/min) for all of the chip
breaker forms, the surface roughness values were first
observed to be on increase then again on decrease, a
declining trend. This situation can be explained by
higher cutting speed, above the range recommended by
the producer for these cutting tools [24]. When speed
limits were exceeded, the cutting tools were expected to
wear faster, which has negative impact on surface
quality. In the experiment, the best surface quality could
achieved with V=150, 200 m/min, f=0,15 mm/rev and
a=1,6 mm with cutting tool having SA chip breaker
form. SA chip breaker form gave the best results with
these parameters, which is suggested for light cutting by
manufacturer [24]. Generally, the highest surface
roughness values were obtained for the tool having the
MA and GH chip breaker type while the lowest surface
roughness values were obtained for the tool having the
MS chip breaker type. In this situation, it can be
explained that excellent surface quality can be obtained
with MS chip breaker form which has a sharp cutting
edge and because the place where MA chip breaker
begins to break chip is smaller than other chip breaker
forms (Figure 1.).

For all chip breaker forms in the experiments, when the
surface quality is examined in terms of cutting depth,
increasing the cutting depth worsen the surface quality
for all cutting tools (Figure 2.). This result is expected
due to increasing chip cross-section. When the graphs in
Figure 2. are examined, the best effect on surface
quality depending on the feed rate can be seen that
surface roughness values increase with increasing feed
rate for all chip breaker types. In this case, a basic
theoretical model for surface roughness is approximated
by the following equation:

f 2
B 8xr,

max (4)
Where f is the feed rate, r, is the tool nose radius and
Rimax 1S maximum surface roughness. According to this
model, increasing surface roughness increases the feed
rate [34]. In cutting conditions where cutting speed is
250 m/min, feed rate is 0,15 mm/rev and cutting depth
is 1,6 mm; and the best surface quality values in cutting
conditions where cutting speed is 300 m/min, feed rate
is 0,35 mm/rev and cutting depth is 2,5 mm; and the
worst surface quality values are measured for all chip
breaker forms.
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b) a=2.5 mm

Figure 2. Variation of surface roughness (um) depending on chip breaker forms (Talas kirict formlarina bagl: olarak yiizey
piiriizliiliik (um) degisimleri)
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3.2. Results of Mathematical Analysis (Matematiksel
Analizlerin Sonuglari)

In Figure 3. the ANN structure is shown. Variant of the
algorithm utilized in the study is LM. Inputs and outputs
are normalized in (0, 1) range. Neurons in input layer do
not have any transfer function. Fermi transfer function
has been utilized. In the simplest form, products and
biases are simply outlined, after that it is transformed
through a transfer function to produce a consequence,
and ultimately the output value is obtained [35].

Five different chip breaker forms were used in the input
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equations can be used for estimation of surface
roughness using different main cutting parameters.

1

SR

—4(1,055843F+1,13254F,+1,201490~-1,78221F, —0.5)

®)
Where; F; (i=1,2,...,4) can be calculated by Fermi
function as given Eq.6.

_1+e

Surface
Roughness
(SR)

First

Input Layer

Hidden Layer

~ ~— - ~—
Second Output Layer
Hidden Layer

Figure 3. ANN architecture with input and output parameters (Girdi ve ¢ikt1 parametreleri ile YSA mimarisi)

layer of the network. The surface roughness was in the
output layer. The basic parameters such as cutting
speed, feed rate and depth of cut were considered as
input for ANN. The neural network was designed with 8
input data and two hidden layers, the first of which had
6 neurons and second had 4 neurons, and the output
layer with 1 neuron. This structure is shown in Figure 3.

The new formulations dependent on main cutting
parameters for the outputs are given with Egs.5-7. The

Table 5. Constants M;; in Eq.7 (Esitlik 7°deki M;; sabitleri)

1

—4(N;~0.5) (6)

F =

1+e
Where; N; (i=1,2,...,4) can be calculated by Eq.7.
Ni=My;*L1+My*L2+Mg*L3+M,*L4+Ms;*L5+Mg;*L6

()
The constants (M) in Eq.7 are given in Table 5.

M N1 N2 N3 N4

1 0,171891 -0,289214 -1,497433 1,073023
2 0,068703 -0,369862 -0,398348 0,306286
3 0,62627 0,571017 0,012783 -6,298365
4 -0,248395 0,482941 0,461106 -3,724602
5 -0,306341 -0,342500 -3,931813 -0,254916
6 0,333525 -0,405640 0,359195 -0,324608
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Where; L; (i=1,2,...,6) can be calculated by Fermi  The constants (Cy) in EqQ.9 are given in Table 6.

function according to Eq.8. To be used in training data, Figure 4. presents the ANN
1 performances of determination of surface roughness. In

L = general perspective, according to the results obtained,
1 1 + e—4(Ki—0.5) (8) deviation of surface roughness between measurement

and prediction of ANN is negligible in the range of 0.1
Where; K; (i=1,2,...,6) can be calculated according to  (Figs. 5-10) for different chip breaker forms.

Eq.9.

Ki=Cpi*ay+ Cy* I+ Cgi* oy + Cgi * I + Cs a3 + Cy

* CS+C#*FR+Cg*DC 9)

Table 6. Constants C;;in Eq.9 (Esitlik. 9°daki Cj; sabitleri)

Ky K, Ks Ky Ks Ks

Cii -1,288310 0214114  -0,634474 1515728  0,262504  -3,407598
Cai 0,00001 0,000002  0,000015  0,0000012  0,0000023  0,000012
Cai 1,403666 3786108  1,074671  -1983599 3710879  1,346782
Cui -0,460162  0,839807  -0,530084  0,121980  -2,332993  -0,636907
Cs -0,394440  -6,378991  -1,114890  2,385003  0,952700  -0,661086
Cs 0637851  1,752643  0,269953  -0,960354  -2,880759  1,415238
o 0264350  -6,149504  -0,652018  -4,494210  -0,449337  0,439126
Cai -0,876865  -0,278050 1267351 0523114  -0,301040  1,364840

I

w

Experimental

N

SR
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Figure 6. Performance of ANN for chip breaker forms MA (MA Talas kirict formu i¢in ANN performanst)
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Figure 7. Performance of ANN for chip breaker forms GH (GH Talas kiric1 formu igin ANN performansi)
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Figure 8. Performance of ANN for chip breaker forms STD (STD Talas kirici formu igin ANN performansi)
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Figure 9. Performance of ANN for chip breaker forms SA (SA

As the SR values attained by ANN are approximate to
the actual values, they cannot be graphically shown
together. Accordingly, the following Eq.(8) has been
computed as deviation in values, and they have been
shown graphically.

SA (a=1,6)
SA (a=1,6)ann
SA (a=2,5)
SA (a=2,5)ann

Talas kirict formu igin ANN performansi)

dSR = SRmeasured = SRanN
SRMea’sured 8)

In general perspective, according to the results obtained,
dSR is in the range of £10% for all experiments as
shown with Figure 10.
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Figure 10. The deviations of surface roughness (Yiizey piiriizliiliik sapmalart)
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4. CONCLUSIONS (SONUCLAR)

The results of machining on the AISI 1050 workpiece
using different chip breaker forms and the results of
artificial neural network (ANN) model of the surface
roughness are as follows:

» The surface roughness Ra (um) values
increased with increasing depth of cut and feed
rate for all the chip breaker types.

» While improved surface quality was observed
by increased cutting speed up to 250 m/min,
the surface quality was gotten worsen after 250
m/min.

» Generally, the highest surface roughness values
on the chip breaker forms MA, the lowest
surface roughness values on the chip breaker
forms MS and SA were seen.

> In cutting conditions where cutting speed was
300 m/min, feed rate was 0,35 mm/rev and
cutting depth was 2,5 mm, the highest surface
roughness values and in cutting conditions
where cutting speed was 250 m/min, feed rate
was 0,15 mm/rev and cutting depth was 1,6
mm, and the lowest surface roughness values
were measured for all chip breaker forms.

» The results of validation and comparative study
indicate that the Artificial Neural Networks is
based on estimation technique for the surface
roughness values.

> A developed chip breaker forms tester with
ANN was applied to a commercial cutting tool
with different chip breaker forms and various
cutting conditions to predict the surface
roughness.
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ABSTRACT

In this study, the efficiency of the airline transportation, a fast growing sector in Turkey, was examined for 12 different regions of
Turkey. The changes in the total factor productivity were evaluated by data envelope analysis (DEA) and Malmquist Index
approach. Within scope of the study, 12 different regions were selected as decision maker. By collecting the necessary data of all
airports in these regions, the variations in the total factor productivity values were calculated and discussed for both domestic and
international lines. It is considered that the results are valuable as they offer numerical contribution to the future policies
developed to make some progress in the airline transportation sector of the region.

Keywords: Airport, Efficiency, Productivity change, DEA

1. INTRODUCTION

Today, different cooperation, e.g., technical,
economical, financial, commercial, administrative and
institutional, are established between countries and
cities regardless of how far the distances are. The safe
and comfortable transportation of people and goods
within a short period can be achieved by airline
transportation. It is  well-known that airline
transportation  accelerates the  economic  and
technological developments in local, regional, national
and international scales. Besides, it is thought that
airline transportation allows different people to come
together and lets them know each. Thus, it also makes
social and cultural contributions to the communities.

Within the scope of this study, relative performance
evaluation was performed by applying DEA approach
so as to determine if 12 regions of Turkey were using
their airline transportation effectively or not.
Meanwhile, to monitor the variation of the performance
with time, total factor change of the airline
transportation was examined by Malmquist Index
approach. During EU harmonization process of Turkey,
these analysis will help Turkey to follow new
developments and tendencies appearing under the
"Transportation" headline and present some numerical
data to the legislations developed for transportation
policies.

In recent years, in all around the world, the share of the
airline transportation, for people and freight, has
increased nearly at the same levels with Gross Domestic
Product (GDP). The same relation also holds for
Turkey. However, it was observed that, in Turkey,
increases and decreases in GDP affected the airline

* Sorumlu Yazar (Corresponding Author)
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Digital Object Identifier (DOI) : 10.2339/2016.19.1 85-99
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transportation sector more strongly than the other
countries. Turkey has been one of the countries with
fastest growing airline transportation sector in the recent
years. On the other hand, for people and freight, the
share of the airline transportation was lower than share
of the road transportation. Annually, almost 200 million
passengers are transported in Turkey. It is known that
nearly 10 % of them are transported by means of airline,
while this value reaches to 30 % in European countries
having well-developed airline transportation sectors.

Similar to the changes observed in the world, there was
an increase in airline transportation of people and
freight in Turkey between 2004 and 2010, see Fig. 1-3.
As seen from the graphs, each region has an increasing
trend. Especially, the annual variations of Marmara
Region are notable, see Fig. 4 and 5. It is highly
probable that rapid industrialization of this region was
the primary reason for this. For the other 11 regions,
while the airline transportation demonstrated a decrease
in some years, increasing trend was maintained for the
period of 2004-2010.

In order to have sustainable developments in airline
transportation, regional plans should be made and
applied correctly. In this study, it was aimed to
contribute the development of domestic and
international airline transportation in Turkey and to help
the development of airline transportation-related
strategies about alignment to the EU acquis.
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Figure 1. The annual change in the air traffic, for both arrivals and departures, between 2004-2010.
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Figure 2. The annual change in the number of passengers between 2004-2010.
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Figure 4. The annual change in the main airway indicators for Western Marmara Region
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Figure 5. The annual change in the main airway indicators for Eastern Marmara Region

2. METHODOLOGY
2.1. Material

In this study, Data Envelopment Analysis (DEA), was
employed to determine the air transportation
performance of 12 regions of Turkey. Using the DEA
models of CRS (CCR) and VRS (BCC), a section
(cross-section)  analysis was  performed and
subsequently efficiency scores were ranked. In
calculations, the main air transport indicators were used
as variables and regional areas were regarded as
decision making units (DMU). In order to determine the
efficiency, three different efficiency models were
formulated taking into consideration nine input and
various output variables. These models were analyzed
according to their input and output values, as presented
in Table 1. The aim of each model is;

domestic passengers and domestic freight carried as
output,

Model 3: Determining the efficiency that uses the
international air traffic as input and yields the number of
international passengers and international freight carried
as output

2.2. Data Envelopment Analysis and Malmquist
Index

Data envelopment analysis (DEA) is a nonparametric
technique to calculate productive efficiency of decision
making units, comparable homogeneous organizations
(Emrouznejad et al., 2008; Ray, 2004; Cook and
Seiford, 2009; Charnes et al., 1978, Sozen et al., 2012,
Sozen et al.,, 2011). DEA is commonly applied to
estimate the relevant technology or production function

Table 1. Input and output MODEL 1 MODEL 2 MODEL 3
varlabl_es use_d in the (Input/ (Input/ (Input/
analysis Indicators Output) Output) Output)

Total Air traffic (arrivals-departures)

Number of passengers (total)

Freight carried (total)

Domestic Air traffic (arrivals-departures)

Number of passengers (domestic)

Freight carried (domestic)

International Air traffic (arrivals-departures)

Number of passengers (international)

O|0|~|0|0|~|0|0|—

Freight carried (international)

Model 1: Determining the efficiency that uses the total
air traffic as input and yields the number of total
passengers and total freight carried as output,

Model 2: Determining the efficiency that uses the
domestic air traffic as input and yields the number of
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over the production possibility set defined as the
feasible combinations of inputs and outputs. Here, the
production function the maximum amount of output for
a specified
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set of inputs, given the existing technology. Since it
affects decision-making, the efficiency score for the
given decision-making unit can be calculated.

The Malmquist index (MI) is an index based on
production function used to measure productivity
change over time (Malmquist, 1953; Caves et al. 1982;
Fare et al.1994). In the output-oriented MI, the
production technology (P) shows the transformation of
inputs x into output y in time t. The output possibility
set is then;

Pt (x) = {yt, xt can produce yt} Q)

Figure 6 illustrates production technology for period t
and t+1. Technical efficiency of a DMU can be
measured by an output distance function, which
measures the distance of an economy from the
production function. The output distance function can
be related to production technology through the
following equation:

dt (Xt, yt) = rnin {9 (th yt/ 9) (S Pt (X) } (2)
where, 0 defines a set of real numbers. The minimum of

0 needs to be found such that input/output combination
is a part of the production technology. This is illustrated

frontier EF(t) shifted to EF(t+1). Then the efficiency
change in DMUo is the ratio of the efficiency at t+1 to
the efficiency at t. DEA CCR output-oriented
Malmquist TFP index can be constructed based on t and
t+1 technology as;

MIo(Xe, Vi, X1, Yie1)

dto (Xt+1’ yt+l) X dtil(XHl yt+1)
dto(xt'yt) dt0+l(xt7yt)
or graphically,

MIL t+1) Of /0d  Ob/Oc
o Of /Og  Ob/Oe

3)

)

Fare et al. (1983) defined that MI >1 indicates
productivity gain; MI <1 indicates productivity loss and
MI=1 indicates the status quo from period t to t+1, i.e.,
no change in productivity. They showed that this index
is equivalent to:

. . . . Mo (Xi+ + X
in Fig. 6 as one input and one output assumption ol Yir, i ¥
exhibiting constant return scale (CRS). In the figure, A% (Ker, Vo) | d2(Xeps Vo) 02, (X Y,) (5)
points A and A’ represent the input/output combinations = 4° (. ¥,) X
t tr Jt

of DMUo in periods t and t+1, respectively. The
efficient frontier (EF) is determined by the best
performing unit. When the economy is operating at
point A, it produces output b. This shows that xt, yt is
technically inefficient, since the efficiency is measured
by Oc/Ob (CCR (CRS) DEA model, inefficient). If
production was on the frontier, then the efficiency
would be 1 (CRS DEA model, efficient). Assume that at
time t+1, point A shifted to point A’ and the efficient

Ao (X Vi) e (X Ye)

As seen from the equation, the index is composed of
two parts. The first term on the right measures the
change in technical efficiency, also called Catch-Up
(CU) index, which is the distance function from time
period t to t+1. The second term measures the technical
change, also called Frontier Shift (FS) index, between
time period t and t+1. In Fig.6, two components of the
Ml as in the last equation are represented by:

Cutput ¥
EF(t+1) Efficient
frontier i perod t+1
g
Fp(t+1)
EF(t) Efficient frontier in
L petiod t
e
d K
C EFit+1) Efficient frontier
bt i T in perio<.:1 F+l with negative
=0 :7—%’»1; A" M productivity
—T
’/'
’/'
& =) (1) Tnput =

Figure 6. DEA and MI decomposition with the Efficient Frontier(EF) (Sozen et al. 2011)
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Efficiency chan e(EFFCH)—M (6)
Y Ob/Oc
Technical change (TECCH) = |Of/0d  Ob/Oc (7

Of /Og Ob/Oe

The condition CU>1 suggests that DMU, has moved
closer to the period EF (t+1) than to the period EF (t).
CU=1 and CU<1 indicate the same distance or more has
been covered respectively. Referring to Fig. 6, the
condition FS>1 shows that there is more output than
input, indicating a positive shift in the frontier. A value
of FS equal to one and less than 1 demonstrates no shift
and negative shift, respectively (Hashimoto et al, 2008).

In CRS model, any radial increase in input vector, the
increase of all input components at the same rate,
creates a radial increase in the output vector. CCR DEA
model cannot be applied globally in many economies,
since it assumes that the output and input change by the
same amount. Therefore, it is rather restrictive. As an
extension of this approach, production technology may
exhibit increasing, constant and diminishing returns to
scale on the production frontiers, which are reflected in
variable returns to scale (VRS) assumption, see Fig. 7.
In decreasing return to scale (DRS) model, any radial
increase in the input vector creates a radial increase in
the output vector at a lower rate. In increasing return to
scale (IRS) model, any radial increase in the input
vector creates a radial increase in the output vector at a
higher rate.

There exists an increasing return
to scale on the line AB (v =0)

C

There exists a decreasing return
to scale on the line BC (w=0)

Figure 7. Variable Returns to Scale (VRS) model

Suppose that, in an economic situation where
production frontier moved to OM from OL at time t+1,
see Fig. 6. In this case, DMU has a positive change in
technical efficiency but a negative progress. In VRS
technology, efficiency change is described as the
product of pure efficiency change (PECH) and scale
efficiency change (SECH):

EFFCH = PECH x SECH (8)

d t+1 (Xt+1 ’ yt+1)
de (X ¥e)

dtil(XHl’ yt+l) /dtC (Xt' yt)
dtv+l(xt+1, yt+1) dtv (th yt)

PECH — (9)

SECH =

(10)
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where, the subscripts ¢ and v represent CRS and VRS
technologies, respectively (Chen et al. 2008).

Various DEA models have been proposed measuring
efficiency in different ways. These models are basically
categorized into two: input-oriented and output-
oriented. In order to find out the input-oriented
efficiency of a DMU, examination of possibilities to
reduce the input(s) without reducing the output(s)
should be evaluated. A model is configured to
determine how much the input use of a DMU decrease
in a 100% efficiency condition at a constant output
level. The condition for pare to efficiency is realized
when it is not possible to reduce the amount of any
input without increasing some other input or reducing
some output.

In contrast to input-oriented efficiency, to determine the
output-oriented efficiency of a DMU, a model is
configured to determine how much output increase in a
100% efficiency condition at a given input level. In this
approach, pare to efficiency condition occurs when it is
not possible to increase the amount of any output
without decreasing some other output or increasing
some input. See Fig. 8 for demonstration of the input-
and output-oriented efficiencies of DMUs.

()

OUTPUT

Input-oriented efficiency of the
DMU A =OF/OG
Output-oriented efficiency of the
DMU A = OH/OB

INPUT ;>
Figure 8. Input- and output-oriented efficiency

3. RESULTS

In this study, efficiency measurement system (EMS)
and data envelopment analysis (DEA) (Coelli, 1996)
were used for efficiency measurement. CRS and VRS
output-oriented models were used to determine
technical efficiency by maximizing outputs at a given
input. The CRS efficiency scores of the regions for each
model are given in Fig. 9. It should be noted that, in
determination of the efficiencies, VRS efficiency
analysis did not yield reliable results. For this reason, it
was more reasonable to compare CRS efficiency scores.
According to CRS efficiency scores of Model 1, the
efficient region was the Eastern Marmara for the
selected period. On the other hand, according to CRS
efficiency scores of Model 2 and Model 3, the efficient
region was the Western Marmara. Note that, year 2010
for Model 2 and year 2004 for Model 3 did not fit these
results.
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Within the scope of this study, scores of efficiency
change (effch), technical change (techch) (innovation),
pure technical efficiency change (pech), scale efficiency
change (sech) and total factor productivity change
(tfpch) were calculated. The overall efficiency of the
airline transportation for 12 regions was performed
through the evaluation of tfpch. It was considered that
different values of tfpch indicate different conditions.
For example, if the value is equal to 1 for a region, this
implies that productivity of the region was the same
with respect to its inputs and outputs. The value of tfpch
greater than 1 indicates an increase in productivity
while, values lower than 1 implies a regression in
productivity.

Malmquist Index results of the Model 1 are given in
Fig. 10-14 for each efficiency change. Note that, the
year 2005 was considered as the base year in these
diagrams. According to effch given in Fig. 10, the

region with most apparent efficiency change was the
Western Marmara. While this highly industrialized
region demonstrated a decrease in 2006-2007, a nearly
constant efficiency change was calculated for it for the
rest of the period. This can be considered as the effect of
the economical crises occured in 2007. The region,
whose efficiency change altered in the positive direction
with respect to the other years, was the Western Black
Sea.

The variation of Techch for Model 1 is given in Fig. 11.
As seen form the figure, the most significant changes in
the techch were observed in the Western and Eastern
Marmara Regions. In contrast to decreases in 2007 and
2009, these regions showed an increase in 2010. The
other regions were in a decreasing trend between 2008
and 2010.

While in Model 1 changes in pech and techch were
similar to each other, the efficiency change of West
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Marmara Region was in the positive direction for 2009-
2010 period, see Fig. 12. The efficiency change values
of Mediterranean and Eastern Marmara Regions were 0
for all years. This shows that these regions maintained
their efficiencies in the whole selected period.

According to scale efficiency change values of Model 1,
the efficient region was the Eastern Marmara Region
and the efficiency changes were 0, see Fig. 13. As the
scale efficiency of the Eastern Marmara region was 1
for all years, it was taken as the reference region for

Efficiency changes obtained for Model 2 and Model 3
are given in Table 3 and Table 4, respectively.
Meanwhile, total factor productivity change values for
both model are given in Fig. 15 and Fig. 16,
respectively. It can be revealed form Table 3 that
regions with efficiency change values were smaller than
1 demonstrated decreasing trend in their efficiencies.
Detailed analysis of Fig. 15, obtained by taking 2005 as
the base year, shows that efficiency value were
fluctuating for Western Marmara Region with a
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Western Black Sea
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Figure 10. The results of the annual efficiency change for Model 1.

others. All other regions increased their efficiency
changes in 2010.

When the total productivity change values of the Model
1 are examined, see Fig. 14, it can be seen that tfpch
values of the Mediterranean Region was positive for all
years examined. Total productivity changes values of
both Marmara Regions were more variable than others.
In Model 1, the average tfpch values of Western and
Eastern Marmara Regions for the selected period were
found to be smaller than 1, i.e., there was a decreasing
trend, see Table 2.
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decreasing trend. While the efficiency results were
fluctuating for Eastern Region, an increasing trend was
maintained. A similar result was also obtained for
Model 3 (domestic efficiency), see Fig. 16
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Table 2.Malmquist Index summary of regions for Model 1 effch techch pech sech tfpch
Region

Istanbul 0,993 1,064 1 0,993 1,056
West Marmara 0,853 0,909 1 0,853 0,775
Aegean 0,969 1,068 1 0,969 1,035
Eastern Marmara 1 0,989 1 1 0,989
Western Anatolia 1,048 1,06 1 1,048 1,111
Mediterranean 0,946 1,068 1 0,946 1,01
Central Anatolia 0,974 1,065 0,974 1 1,037
Western Black Sea 1,013 1,069 1,013 1 1,084
Eastern Black Sea 1,004 1,065 1,004 0,999 1,069
Northeast Anatolia 1,015 1,065 1,006 1,009 1,081
East Anatolia 1,005 1,066 0,997 1,008 1,071
Southeastern Anatolia 0,999 1,068 1 0,999 1,067
MEAN 0,984 1,045 0,999 0,984 1,028

Table 3. The efficiency change scores for Model 2

REGION 2004-2005 2005-2006 2006-2007 2007-2008 2008-2009 2009-2010
Istanbul 0,749 0,839 0,66 3,31 1,228 0,999
West Marmara 1 1 1 1 1 0,601
Aegean 0,702 0,886 0,695 2,94 1,208 1
Eastern Marmara 0,678 1,104 0,358 3,572 0,77 1,623
Western Anatolia 0,696 0,945 0,711 2,879 1,236 0,953
Mediterranean frch 0,713 0,905 0,697 2,969 1,181 0,952
Central Anatolia ete 0,743 0,858 0,727 2,02 1,321 0,07
Western Black Sea 0,784 0,898 0,645 3,288 1,475 0,719
Eastern Black Sea 0,784 0,809 0,779 2,682 2,154 1
Northeast Anatolia 0,957 0,362 0,792 2,897 1,471 1,004
East Anatolia 0,468 1,393 0,557 2,74 1,372 1,097
Southeastern Anatolia 0,812 1,133 0,605 2,753 1,408 0,983
Istanbul 1,431 1,116 1,406 0,345 0,842 1,016
West Marmara 2,155 1,087 1,075 0,844 0,187 0,739
Aegean 1,431 1,116 1,406 0,345 0,842 1,017
Eastern Marmara 1,431 1,116 1,406 0,345 0,724 1,016
Western Anatolia 1,431 1,116 1,406 0,345 0,809 1,018
Mediterranean techch 1,431 1,116 1,406 0,345 0,842 1,016
Central Anatolia eche 1,431 1,116 1,406 0,345 0,832 1,017
Western Black Sea 1,431 1,116 1,406 0,345 0,798 1,017
Eastern Black Sea 1,733 1,116 1,406 0,391 0,513 1,007
Northeast Anatolia 1,431 1,116 1,406 0,345 0,753 1,015
East Anatolia 1,431 1,116 1,406 0,345 0,785 1,017
Southeastern Anatolia 1,431 1,116 1,406 0,345 0,835 1,017
Istanbul 1 1 1 1 1 1
West Marmara 1 1 1 1 1 0,622
Aegean 1 1 1 1 1 1
Eastern Marmara 0,825 0,958 0,502 2,113 0,849 1,397
Western Anatolia 0,827 1,125 1,223 0,933 0,815 0,886
Mediterranean h 1 1 1 1 1 1
Central Anatolia pec 1,045 0,94 1,043 1,046 1,116 0,973
Western Black Sea 1,078 0,92 0,946 1,279 1,302 0,701
Eastern Black Sea 1 0,66 1,515 1 1 1
Northeast Anatolia 1,135 0,391 1,076 1,487 1,739 1
East Anatolia 0,189 5,292 0,317 1,495 1,339 1,046
Southeastern Anatolia 1,038 1,016 1,131 1,036 1,224 0,987
Istanbul 0,749 0,839 0,66 3,31 1,228 0,999
West Marmara 1 1 1 1 1 0,966
Aegean 0,702 0,886 0,695 2,94 1,208 1
Eastern Marmara 0,822 1,153 0,713 1,691 0,907 1,162
Western Anatolia 0,841 0,84 0,581 3,086 1,515 1,076
Mediterranean h 0,713 0,905 0,697 2,969 1,181 0,952
Central Anatolia sec 0,711 0,912 0,697 2,79 1,183 0,996
Western Black Sea 0,727 0,975 0,682 2,571 1,132 1,026
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Eastern Black Sea 0,784 1,225 0,514 2,682 2,154 1
Northeast Anatolia 0,843 0,926 0,736 1,949 0,846 1,004
East Anatolia 2,477 0,263 1,754 1,833 1,025 1,049
Southeastern Anatolia 0,783 1,115 0,535 2,656 1,151 0,996
Istanbul 1,072 0,936 0,928 1,143 1,035 1,014
West Marmara 2,155 1,087 1,075 0,844 0,187 0,444
Aegean 1,004 0,988 0,978 1,015 1,018 1,017
Eastern Marmara 0,971 1,232 0,503 1,234 0,557 1,65
Western Anatolia 0,995 1,054 1 0,994 1 0,97
Mediterranean 1,021 1,01 0,98 1,025 0,994 0,967
Central Anatolia 1,064 0,957 1,021 1,008 1,1 0,986
Western Black Sea tfpch 1,122 1,002 0,907 1,135 1,177 0,731
Eastern Black Sea 1,358 0,902 1,095 1,048 1,105 1,007
Northeast Anatolia 1,37 0,404 1,113 1,001 1,109 1,019
East Anatolia 0,67 1,554 0,783 0,946 1,077 1,115
Southeastern Anatolia 1,163 1,265 0,851 0,951 1,176 1
Table 4. The efficiency change scores for Model 3
REGION 2004-2005 2005-2006 2006-2007 2007-2008 2008-2009 2009-2010
Istanbul 1,315 0,921 1,301 1,074 0,79 1,354
West Marmara 1,547 1 1 1 1 1
Aegean 1,343 0,93 1,363 0,882 0,879 1,239
Eastern Marmara 1 0,394 2,121 0,997 0,801 1,255
Western Anatolia 1,319 0,971 1,387 1,099 0,845 1,286
Mediterranean fich 1,259 0,829 1,324 0,916 0,66 1,537
Central Anatolia ete 1271 0,782 1,286 0,806 0,849 1,218
Western Black Sea 1,344 0,79 1,486 0,887 0,876 1,263
Eastern Black Sea 1,239 0,896 1,41 0,918 0,855 1,234
Northeast Anatolia 1,35 0,98 1,393 0,915 0,831 1,287
East Anatolia 1,147 0,962 1,37 0,92 0,901 1,164
Southeastern Anatolia 1,159 1,002 1,374 0,949 0,741 1,302
Istanbul 0,899 1,249 0,774 1,134 1,239 0,829
West Marmara 2,564 0,309 0,3 2,105 1,213 0,551
Aegean 0,899 1,249 0,774 1,134 1,239 0,831
Eastern Marmara 0,892 1,249 0,524 1,134 1,239 0,816
Western Anatolia 0,899 1,249 0,774 1,134 1,239 0,831
Mediterranean techch 0,899 1,249 0,774 1,134 1,239 0,829
Central Anatolia eche 0,899 1,249 0,774 1,134 1,239 0,831
Western Black Sea 0,899 1,249 0,774 1,134 1,239 0,831
Eastern Black Sea 0,899 1,249 0,774 1,134 1,239 0,831
Northeast Anatolia 0,899 1,249 0,774 1,134 1,239 0,831
East Anatolia 0,899 1,249 0,774 1,134 1,239 0,831
Southeastern Anatolia 0,899 1,249 0,774 1,134 1,239 0,831
Istanbul 1 1 1 1 1 1
West Marmara 1 1 1 1 1 1
Aegean 1 1 1 0,917 1,054 0,933
Eastern Marmara 1 0,482 2,074 0,871 0,852 1,348
Western Anatolia 0,961 1,047 1 1,047 1 1
Mediterranean h 1 0,758 1,012 0,972 0,737 1,244
Central Anatolia pec 1 1 0,926 0,827 0,998 0,959
Western Black Sea 1,058 1,009 1,028 0,948 1,029 0,998
Eastern Black Sea 0,978 0,994 1,018 0,91 1,009 0,965
Northeast Anatolia 1,064 1,165 0,989 0,935 0,978 1,012
East Anatolia 0,939 1,093 0,987 0,916 1,063 0,91
Southeastern Anatolia 0,897 1,115 1 0,933 0,875 1,015
Istanbul 1,315 0,921 1,301 1,074 0,79 1,354
West Marmara 1,547 1 1 1 1 1
Aegean 1,343 0,93 1,363 0,962 0,834 1,328
Eastern Marmara 1 0,818 1,023 1,145 0,94 0,931
Western Anatolia 1,373 0,928 1,387 1,05 0,845 1,286
Mediterranean h 1,259 1,094 1,308 0,942 0,895 1,236
Central Anatolia sec 1271 0,782 1,388 0,975 0,851 127
Western Black Sea 1,271 0,783 1,445 0,936 0,851 1,266
Eastern Black Sea 1,268 0,901 1,385 1,009 0,848 1,278
Northeast Anatolia 1,27 0,842 1,409 0,979 0,85 1,272
East Anatolia 1,221 0,88 1,387 1,005 0,847 1,28
Southeastern Anatolia 1,292 0,899 1,374 1,018 0,846 1,282
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Istanbul 1,182 1,15 1,007 1,218 0,979 1,123
West Marmara 3,967 0,309 0,3 2,105 1,213 0,551
Aegean 1,208 1,161 1,055 1 1,09 1,029
Eastern Marmara 0,892 0,493 1,111 1,13 0,993 1,024
Western Anatolia 1,187 1,213 1,074 1,247 1,048 1,069
Mediterranean 1,133 1,035 1,025 1,038 0,818 1,275
Central Anatolia 1,143 0,976 0,995 0,914 1,052 1,012
Western Black Sea tfpch 1,209 0,986 1,15 1,006 1,085 1,05
Eastern Black Sea 1,115 1,119 1,092 1,041 1,06 1,026
Northeast Anatolia 1,215 1,224 1,079 1,037 1,03 1,07
East Anatolia 1,031 1,201 1,06 1,043 1,116 0,968
Southeastern Anatolia 1,043 1,251 1,063 1,077 0,918 1,082
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4. CONCLUSIONS

In this study, airline transportation performance of 12
different regions of Turkey was examined by using Data
Envelopment Analysis (DEA) with Malmquist Index
(MI). By this way, it was aimed to identify performance
of airline transportation and use the obtained results in
preparation of different strategies and policies for
harmonization of Turkey to EU. Meanwhile, it is
expected that the subjective results presented in this
study will be helpful to increase the level of
performance of airline transportation sector in Turkey.

DEA is used to determine the management performance
of many companies as well as to specify policies
developed to improve them. In this study, it was aimed
to ascertain the relative performance of the basic airline
indicators and by this way the utilization efficiency of
the airline transportation in Turkey was identified.
Using subjective calculation results, it was aimed to
inform reader about the strategies and targets to be
followed so that the performances of the transportation
indicators were maintained in their highest level.

By Output Oriented Model, inputs belonging to the
measured decision making unit and those having the
highest number of output were investigated. In order to
calculate the efficiencies of the regions, three models
were developed by varying the input and output
variables. The changes in the efficiencies of the
domestic, international and overall airline transportation
were evaluated for the selected period.
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