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DYNAMIC ANALYSIS OF A QUADCOPTER USING PID, ADAPTIVE AND LQR CONTROL
METHODS

Ayhan Altinors™ =, Funda Kuzu?

IFirat University, Technical Vocational School, Electronics and Automation Department
2Technical Vocational School, Electronics and Automation Department

Abstract

Original scientific paper
In this study, different control methods for controlling the position and angle values for the quadcopter (UAV) that take off and land
vertically are simulated with Matlab/Simulink. First of all, a mathematical model was created with the Newton-Euler method, taking into
account the dynamics of the quadcopter system. The focus of the study is to investigate the appropriate control method for the position
control of the quadcopter. For the linear model of the quadcopter system, PID, LQR and Adaptive Control methods, and for the nonlinear
model of the quadcopter system. PD Control simulation has been done. The mentioned control methods have been applied to the system
and the control of the movement of the system in each axis has been examined. The obtained results are compared with each other to see
the performance of the controllers and the most appropriate control method for the quadcopter was determined with comparisons and
tracking scenarios.

Keywords: Adaptive, LQR, PID, Quadcopter, UAV

1 Introduction quadcopter was determined with comparisons and tracking
scenarios [4].
Unmanned Aerial Vehicles (UAV) are systems that do
not contain human elements, can adjust their speed and
direction through their sensors and software methods, go 1 2 2
from their location to the target point and perform the K: s :\
defined tasks [1, 2]. A quadcopter is an under-actuated % .;o Yow
UAV with six degrees of freedom and four symmetrically
positioned rotors. The main forces and moments acting on
a quadcopter are produced by its rotors. Under-actuated

system; means that the six degree of freedom (6, ¢, v, X, L s .

Y, Z) quadcopter system is controlled by only four inputs. :\ S /1 Pitch

In another words, a quadcopter can be controlled simply by a 3,

variation in motor speed and do not require any @ (b)

complicated actuators. Due to their small size and Figure 1: a) Quadcopter with four rotors

maneuverability, quadcopters are one of the most used b) Roll, pitch and yaw angles that define the motion of the quadcopter.

UAVs both in open and closed areas. Quadcopters do not

need mechanical connections used to change the propeller 2 Quadcopter Motion Definitions and Equations

angle. So it is simple to design and maintain. The second ) )

advantage is that its kinetic energy is less during flight as ~ Quadcopters have two pairs of rotors rotating mutually

four motors with small diameters are used [3]. Good inthe same direction to prevent torque imbalance [5,6]. As

maneuverability, not needing large areas for landing and seeniin Figure 2, the first and third rotors rotate in the_same

take-off, easy control and installation, their ability to hover direction (clockwise), the second and fourth rotors in the

in the air, are the reasons why they are preferred more than same direction but in the opposite direction

helicopters using a main rotor and tail rotor. (counterclockwise) to the other pair of rotors. _
The motion of the quadcopter is driven by the thrust _ Quadrotors have three basic f!lght angles as shown in

generated by its rotors. As shown in Figure 1.a, while one Figure 1.b. These are called roll, pitch and yaw angles. For

pair of opposed rotor pairs rotates clockwise, the other pair the movement of the quadcopter in the X, y, z axes, the the

rotates counterclockwise. As a result of the simulations in roll (¢), pitch (6) and yaw (y) angles must be changed by

the study, the most appropriate control method for the controlling the speed of the rotors [7].
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4
rotor 2

rotor 1

Figure 2: Rotation directions of quadcopter rotors

The quadcopter moves in the direction of the propeller
with less angular velocity. If the total thrust generated by
the four rotors is equal to the total weight of the quadcopter,
the quadcopter will be suspended in the air. For movement
on the vertical axis, the angular velocities of the two
opposing rotor pairs rotating in opposite directions must be
changed at the same rate. Take off by increasing the

angular velocities of the rotor pairs at the same rate and
landing by decreasing them. The roll angle is the angle the
guadcopter makes about the x-axis. The quadcopter moves
on the y-axis with the opposite speed change of the rotors
2 and 4, provided that the speeds of the rotors 1 and 3
remain constant. As it is known, the quadcopter moves in
the direction of the propeller with less angular speed. Pitch
angle is the angle the quadcopter makes about the y-axis.
Similar to the roll angle, the quadcopter moves forward and
backward with the opposite speed change of the rotors 1
and 3, provided that the speeds of the rotors numbered 2
and 4 remain constant. The angle of yaw refers to the
rotation of the quadcopter around the z-axis. It is caused by
the balance mismatch caused by the change of speed of one
of the mutually placed rotor pairs. In other words, the angle
of deviation in the z-axis occurs from the speed difference
between the number 1 and 3 rotors and the number 2 and 4
rotors [8]. Movement directions of a quadcopter according
to rotor speeds are shown in Figure 3. Green and white
lines mean slower speed, and red lines mean faster speed.

4((u)), (a)) 4((0)); (e))
a)

'\9'\'2 U'-\’ (>
<

y D
GG - 30

[
Low speed

\1 ’ A1
-=1(<o)) - (Ce)
II a Ll,\
((u)) (Ca))

3
d)

S . =S
oéo i

2) h)

High speed

Figure 3. Various directions of movement of the quadcopter [9]

2.1 Equations of Motion of the Quadcopter
s (L=, . l
$=1p6 (yl—x) - é@(—ﬂl -0 40, (1)

6= (25) = LG(-0, + 0, - 9, +0) + £ U0;(2)
Iy Iy Iy

= (722) + 5 Us 3)
# = (CYSOSP + SPC) U, 4)
J = (SYSOCe — CpS¢ ) U 5)

= —g +(COCH)—-U, ®)

Motion equations of a quadcopter are given in
equation number 1 to 6. These nonlinear equations
obtained for the quadcopter are linearized around a chosen
operating point. In the study, the hover point is considered
as the operating point and is given by equation 7.

[pO6W]=[000] Ui=g (7

Due to small orientations, the angles are
approximately become; sinf=0, sing=¢, siny=y, cosb=1,
cosd=1, cosy=1.

So, the motion equations of the quadcopter can be
written as seen in equations 8-13.

U3

. _us -

Ix

U2

6= o 9)
== (10)
5@:% sin0 (11)
jj=- %sin o) (12)
i="—g (13)

3 Application of PID, LQR and Adaptive Control
Methods for Quadcopter

In this section, simulations and results of DJI-F450
model quadcopter with PID, LQR and Adaptive Control
methods created in Matlab/Simulink software are given
[17].

3.1 Quadcopter Control with Proportional Integral
Derivative (PID) Controller

In order to control the movement of the quadcopter in
the x and y axes, roll and pitch angles must be controlled.
With the formation of the pitch angle, the quadcopter
moves in the y-axis, with the formation of the roll angle in
the x-axis. After controlling the Roll (0) and Pitch (¢)
angles with PID, the quadcopter's x and y axes were
controlled [10-16]. The simulation models and results for
height, x-axis, y-axis and deviation are shown in Figure
4., Figure 5., Figure 6. and Figure 7., respectively.

International Journal of Innovative Engineering Applications 5, 2(2021), 65-74

66



Dynamic Analysis of a Quadcopter Using PID, Adaptive and LQR Control Methods

Input_height

Height Control

14 . _
124 [\/, #ID R Pt
= ; :
2 08} { \ Reference v : 1
s 0s} Sesuvidaeven cavueds G gsvs al
04}- F 2 I —
0 i : i :
0 2 B 6 8 10

Time(s)

Figure 4: PID simulation model and simulation result for height
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Figure 6: PID simulation model and simulation result for y-axis
(m=0.964 kg, l,, = 8.5532x10° kgm?, yrer= 1 m)
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Figure 7: PID simulation model and simulation result for Roll angle
(I,= 8.5532x10°% kgm?, r= 0.8 rad.)

The purpose of the position control for the quadcopter
is to enable it to follow the desired travelers in the X, vy, z
cartesian space. According to the graph obtained for
height control, maximum overshoot is observed within
reasonable limits, and the steady-state error is almost zero.
It was observed that the vehicle reached the desired height
in the z-axis in a short time. When we look at the x and y
positions, the x value reached the desired target in the 2nd
second and the y value in the 4th second. Looking at the
graph in Figure 7 for the angle of deviation, it is at stable
position, at zero.

3.2 Quadcopter Control with Linear Quadratic Regulator
(LQR) Controller

LQR is the optimal control method commonly used to
find state feedback gain for closed loop systems [16, 18].
In this method, the closed loop response is found by

International Journal of Innovative Engineering Applications 5, 2(2021), 65-74

67



A. Altindrs and F. Kuzu

obtaining the system's feedback coefficients. Performance
index function (J) is used for this. State space
representation is written in equations 14 and 15;

(14)
(15)

x = Ax+Bu
y = Cx+Du

and the general form of the performance function,
including the state feedback controller in the form of;
u=-KyqX is seen in equation 16;

J@w) =3 [T (©ex(®) +uT (ORu®]dt.  (16)

The value of K is based on establishing the balance
between transient response and control success. This

balance is achieved by the choice of Q and R matrices
which are positively defined symmetric matrices. The
matrix K_Iqr is obtained from the defined equation. The
matrix Kyg,; Kigr A+A"Kjgr —Kqr BRT'BTK)y +Q =0

The LQR control of the system was performed with
the A and B state matrices obtained from the state space
form representation of the quadcopter and the K4, gain
matrix calculated from the Q and R matrices selected in
accordance with the system.

For the quadcopter;

X state vector x=[xxyyzz00¢¢d Py]T,
positions X, y, zand 1 angle is output. y =[x y z]T

LQR simulation model for x, y, z axes and deflection
angle are seen in Figure 8 and 9. LQR Control simulation
results are shown in Figure 10.

Reference

il

x{t)

L0 L0

Deflection_ Gair .
Deflection_
reference
angle
Figure 9: LQR simulation model for deflection angle.
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Figure 10: LQR Control simulation results

3.3 Quadcopter Control with Adaptive Controller

Adaptive control is one of the most important areas of
modern control and deals with the control of systems in

structural disorders and environmental changes where
uncertainties exist. The adaptive control concept is based
on the principle of automatic fulfillment of the controller
settings in order to provide the ability to measure the
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system behavior at any time and to provide the most
appropriate system response. Adaptive controllers differ
from conventional controllers in that they do not need
prior knowledge of limits on indefinite or time-varying
parameters. There are two methods in adaptive controller
design. The first one is "Model Reference Adaptive
Control" (MRAC) and the other is "Self-Tuning Regulator
Control" (STR) [19-21]. In the study, MRAC, one of the
adaptive control methods, was used for the quadcopter.
The reference model characterizes the desired system
behaviors such as overshoot, rise time, settling time, and
stability. When the linearized model is considered,
transfer functions and references are modeled for x, y, z
and v system outputs that are desired to be controlled.
Transfer functions for z and v outputs 2nd order and one
low order system order reference model is selected with
2nd order transfer functions for x and y outputs.

The transfer function for 1% order systems is

characterized by; G(s) = aa) and for 2nd order systems;

G(s) = 3 . For the vertical axis movement and
s“+as+b

deflection angle, the reference model from the 1% degree
shown with the transfer function at 15 with a set-up time
of 0.066 seconds and a rise time of 0.036 was chosen.

G(s) = %. For x, y, z axes and angle v, low damped,
critically damped and extremely damped reference

60 .
models were chosen. Gyx_y(S) = Frimeres Critically

damped reference model was chosen with the transfer

- 225 .
function; Gy_y(s) = Fr30mi035" Reference model with

over damping; Gx_y(S) = Fronro

Adaptive Control simulation models used for the
motion control of the quadcopter in x-axis and y-axis are
shown in Figure 11. Adaptive Control simulation model
for the control of vertical movement and the control of
deflection angle are seen in Figure 12. Figure 13 shows
the Adaptive Control simulation model.

(s+
Pradud Y dot Y !
pa—
' ' Ovee
X-axis .
-axis
m m
Figure 11: Adaptive Control simulation model on the x and y axes
& CD—x i ) e
e x Uud o+ s s
+ - psi
Divide i dot i
‘;’“Fr = L T TG st
- s s 7
- z_dot z |_J
98 B B 2
e Vertical axis " Deflection angle

Figure 12: Adaptive Control simulation model for Vertical axis and Deflection angle

Trarsfer_Funcson

i . =
X_reference #

Reference_model

I—.i sasn -
Controller
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Figure 13: Adaptive Control Simulation Model
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The simulation results obtained with different
adaptation rates for different reference models using the
MRAC method for the quadcopter are shown in Figure 14

to 21.
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Figure 14: For; Gy_y(s) =
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(a) x-axis, (b) y-axis simulation results
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Figure 19: For; Gyx_y(s =—2__ reference model andy = 0.1 . . .
g 11 = o 4 The simulation results show that the choice of

(&) x-axis, (b) y-axis simulation results adaptation rate is very important. According to the
simulation results in the studies, the system gave the best
answer when the adaptation rate was 0.1.
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3.4 PD Control for Quadcopter Nonlinear Model

In this section, a PD controller has been created for the
quadcopter nonlinear model. Rotor voltage values Ui, Uy,
Us, U, are multiplied by the appropriate PD coefficients in
the PD control block, and the rotor voltage values are
checked for the case where the propellers are mounted.

In the quadcopter system block, the general angular
velocity value of the quadcopter and the angular velocities
of the propellers, ¢ (phi), 6 (theta), v (psi) were calculated
and the desired x, y, z values were obtained according to
this angle data. The quadcopter PD simulation model is
shown in Figure 22 and the simulation model results are
shown in Figure 23.
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Figure 22: Quadcopter PD control simulation model
X-axis Y-axis
2
14
—_— 12
é oe ] ,.g ;
cc) - 1 : oe
£ os 1 g s 4
3 S
02 1 .
a 8 e
o o2 4
o2 o
(-] L3 "0 " x o - 10 1% 2
Time (s) (a) Time(s)  (b)
7-axis Deflection Angle
14 - v v o 1 -
©
= C 08
£ ' KT
P &
(=] E 0
E o =
) o
o4 N 0%
[=%
o2 g
&= 1 A A
% . w0 " EY g 0 2 4 6 8 10
Time (s) () Time(s) (d)
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When the PD control results for the quadcopter
nonlinear model in Figure 23 are analyzed, it is seen that
they pass the desired position values of X, y and z with a
short settling time and without not much oscillation. A
steady state error has been observed in the z-axis. The
declination angle is at the stable position, ie at zero,
throughout the simulation.

3.5 Tracking Scenarios

Route tracking scenarios were applied for PID, LQR
and Adaptive Control methods for the quadcopter and the
results obtained are shown in Figure 24.
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Figure 24: Results of route tracking scenarios

4 Conclusion

In this study, the dynamic model of the quadcopter
(UAV), which has become widely used recently, was
examined and simulation studies were carried out with
PID, Adaptive Control and LQR methods for the
quadcopter linear model, and PD Control methods for the
nonlinear model.

In the PID structure, pitch and roll angles were first
checked and then a control was applied for the x and y
axes. Linear model is used for LQR design. In the
simulation phase, the desired performances were achieved
with the linear model. Looking at the simulation results, it
was seen that the settling time was shorter in the PID
Control method. Steady state error is almost nonexistent
in both control methods.

When the PD control results for the quadcopter
nonlinear model are examined, it is seen that they pass the
desired position values of x, y and z with a short settling
time and not much oscillation. A steady state error has
been observed in the z-axis. The roll angle is at the stable
position, ie at zero, throughout the simulation.

In the simulations, it has been observed that the
Adaptive Control method gives more successful results in

following the desired reference positions for x, y, z-axes
and angle y. In MRAC method, selection of reference
model and adaptation rate greatly affects system
performance. In the study, desired results were obtained
with control studies performed with different reference
model and adaptation ratio selections for x, y, z axes. It
was obtained from the adaptation rate (y) = 0.1.
According to the simulation studies, the best results for all
reference models were obtained when the adaptation ratio
was 0.1.

Acknowledgements

This article is derived from Funda Kuzu’s master’s
thesis named "Application of Different Control Methods
to a Quadcopter".

References
[1] Schmidt M. D. (2011). Simulation and Control of a Quad-

rotor Unmanned Aerial Vehicle (Master's dissertation,
University of Kentucky).

International Journal of Innovative Engineering Applications 5, 2(2021), 65-74

73



A. Altindrs and F. Kuzu

[2] Hussein, A. N. B. (2017). Autopilot Design for a
Quadcopter  (Doctoral dissertation,  University of
Khartoum).

[3] Patel, K., & Barve, J. (2014, December). Modeling,
simulation and control study for the quad-copter UAV. In
2014 9th International Conference on Industrial and
Information Systems (ICIIS) (pp. 1-6). IEEE.

[4] Gupte, S., Mohandas, P. I. T., & Conrad, J. M. (2012,
March). A survey of quadrotor unmanned aerial vehicles. In
2012 Proceedings of IEEE Southeastcon (pp. 1-6). IEEE.

[5] Bouabdallah S. (2007). Design and Control of Quadrotors
with Applications to Autonomous Flying. (Doctoral
dissertation, Ecole Polytechnique Federale de Lausanne,
Switzerland).

[6] Abbas, N. H., & Sami, A. R. (2017). Tuning of PID
controllers for quadcopter system using hybrid memory
based gravitational search algorithm-particle swarm
optimization.  International Journal of Computer
Applications, 172(04), 9-18.

[7] Ermeydan A. (2015). Bir Quadrotora Ariza Toleransl
Ugus Kontrol Sistemi Tasarmmi. (Master's dissertation,
Anadolu University).

[8] Karahan M. (2019). Dért Rotorlu Bir Insansiz Hava
Aracumin - Modellenmesi ve PID Kontrolcii Tasarimi.
(Master's dissertation, TOBB Economy and Technology
University).

[9] Domingues J.M.B. (2009). Quadrotor prototype. (Master's
dissertation, Universidade Técnica de Lisboa).

[10] Coskun, 1., & Terzioglu, H. (2009). Gercek Zamanda
Degisken Parametreli Pid Hiz Kontrolii. In 5. Uluslararas:
Ileri Teknolojiler Sempozyumu (IATS’09).

[11] Astrom, K. J., & Higglund, T. (2000). The future of PID
control. IFAC Proceedings Volumes, 33(4), 19-30.

[12] Usman M. (2019). Quadcopter Modelling and Control with
Matlab /Simulink Implementation. (Master's dissertation,
LAB University of Applied Sciences).

[13] Olfati-Saber R. (2001) Nonlinear control of underactuated
mec-hanical systems with application to robotics and
aerospace vehicles. (Doctoral dissertation, MIT).

[14] Fernando, H. C. T. E., De Silva, A. T. A., De Zoysa, M. D.
C., Dilshan, K. A. D. C., & Munasinghe, S. R. (2013,
December). Modelling, simulation and implementation of a
quadrotor UAV. In 2013 IEEE 8th International
Conference on Industrial and Information Systems (pp.
207-212). IEEE.

[15] Oflaz T. (2013). Dért Rotorlu Hava Aracimn Irtifa De-
netimi I¢in Dogrusal Olmayan Denetleyici Tasarimi ve
Uygulamas:. (Master's dissertation, Yildiz Technical
University).

[16] Kuzu F. (2018). Dort Pervaneli (Quadcopter) Insansiz
Hava Aracina Farkli Kontrol Yontemlerinin Uygulanmasi.
(Master's dissertation, Firat University).

[17] Matlab/Simulink Software Control Toolbox. Retrieved
August 2, 2021, from
https://www.mathworks.com/help/simulink/slref/fromwor
kspace.html

[18] Lewis, F. L. (2008). Linear quadratic regulator (LQR) state
feedback design. Lecture notes in Dept. Elect. Engineering,
University of Texas, Arlington.

[19] Astrom K.J. (1995, January) Adaptive control around 1960.
In IEEE Conference on Decision and Control, (pp. 2784—
2789).

[20] Mohammadi, M., & Shahri, A. M. (2013, February).
Modelling and decentralized adaptive tracking control of a
quadrotor UAV. In 2013 First RSI/ISM International
Conference on Robotics and Mechatronics (ICRoM) (pp.
293-300). IEEE.

[21] Kannan, S. K. (2005). Adaptive control of systems in cas-
cade with saturation. (Doctoral dissertation, Georgia Inst.of
Tech).

International Journal of Innovative Engineering Applications 5, 2(2021), 65-74

74


https://www.mathworks.com/help/simulink/slref/fromworkspace.html
https://www.mathworks.com/help/simulink/slref/fromworkspace.html

International Journal of Innovative Engineering Applications vol. 5, issue 2 (2021)

International Journal of Innovative Engineering Applications

13J1IEA

.

Journal homepage: https://dergipark.org.tr/ijiea

AUTOMATIC EEG EMOTION RECOGNITION METHOD BASED ON MULTI-LEVEL WAVELET
TRANSFORM AND LOCAL BINARY PATTERNS
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Abstract

Original scientific paper
Electroencephalogram (EEG) signals have been considered to diagnose several brain and neurologic disorders. Moreover, the brain
generated characteristic EEG signals according to the situation. Therefore, EEG signals have been used to detect emotional state and several
EEG-based automated emotion detection models have been presented in the literature. In this work, a new automated EEG emotion
detection model presented using multilevel discrete wavelet transform, local binary pattern, neighborhood component analysis, and k
nearest neighbor classifier. The phases of the presented EEG classification model are; (i) the used EEG signals are divided into five equal
non-overlapping segments, (ii) frequency coefficients are generated using multilevel discrete wavelet transform, (iii) local binary pattern
generates features from raw EEG segment and frequency coefficients, (iv) feature selection using neighborhood component analysis, (v)
classification and (vi) hard majority voting. We used the GAMEEMO dataset to test our proposal. This EEG emotion corpus contains 14
channels and channel-wise results were calculated. Our proposal reached perfect classification rate (100.0%) on the GAMEEMO dataset.
Moreover, the average accuracy value obtained from all channels was obtained as 99.36%. These results clearly denoted the high
classification ability of our model on the EEG signals for emotion classification.

Keywords: Majority voting, multilevel wavelet transform, EEG emotion recognition, local binary pattern,

GOK SEVIYELI DALGACIK DONUSUMU VE YEREL iKiLi ORUNTULER TABANLI OTOMATIK
EEG DUYGU TANIMA YONTEMI

Ozet
Orijinal bilimsel makale

Elektroensefalogram (EEG) sinyallerinin ¢esitli beyin ve ndrolojik bozukluklar teshis ettigi diigiiniilmektedir. Ayrica beyin duruma gore
karakteristik EEG sinyalleri iiretir. Bu nedenle, duygusal durumu tespit etmek i¢in EEG sinyalleri kullanilmig ve literatiirde bircok EEG
tabanli otomatik duygu algilama modeli sunulmustur. Bu ¢alismada, ¢ok diizeyli ayrik dalgacik doniigiimi, yerel ikili desen, komsuluk
bilesen analizi ve k en yakin komsu siniflandirici kullanilarak yeni bir otomatik EEG duygu algilama modeli sunulmustur. Sunulan EEG
smiflandirma modelinin agamalari; (i) kullanilan EEG sinyalleri bes esit ortiismeyen boliime boliinmiistiir, (ii) frekans katsayilart ¢ok
diizeyli ayrik dalgacik donisiimii kullanilarak iiretilmistir, (iii) yerel ikili desen ham EEG boliimii ve frekans katsayilarindan &zellikler
iiretir, (iv) komsuluk bilesen analizi kullanarak 6zellik se¢imi, (v) siniflandirma ve (vi) kati gogunluk oylamasi. Yontemimizi test etmek
icin GAMEEMO veri kiimesini kullandik. Bu EEG duygu veri seti 14 kanal icerir ve kanal bazinda sonuglar hesaplanmistir. Onerimiz,
GAMEEMO veri kiimesinde mitkemmel siniflandirma oranina (% 100.0) ulasti. Ayrica, tiim kanallardan elde edilen ortalama dogruluk
degeri 99.36% olarak elde edilmistir. Bu sonuglar, modelimizin duygu siniflandirmasi i¢in EEG sinyalleri iizerindeki yiiksek siniflandirma
yetenegini agik¢a gosterdi.

Anahtar Kelimeler: Cogunluk oylamast, cok seviveli dalgactk doniisiimii, EEG duygu tanima, Yerel ikili ériintii

1 Girig yasamdaki davranislarini belirlemede temel bir rol oynar.

[2]

Duygu, dis uyaranlara tepki olarak tanimlanabilen ve
insan bilincini temsil eden [1], bireyin diisiincelerinden
olusur. Duygular, insanlarin diisiiniirken, iletisim kurarken,
Ogrenirken ve karar verirken dig uyaranlara verdikleri
tepkiler olarak ifade edildiginden, insanlarin giinliik
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Insan duygularinin daha iyi taninmasi, etkili iletisime
yol acacaktir. Duygu tanima, hastanelerde, akilli evlerde ve
akilli sehirlerde I10T(nesnelerin interneti) ve akilli
ortamlarin tanitilmasiyla son zamanlarda ilgi gérmiistiir
[3] ve teknolojinin artmasi bu sistemlerin mobil
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sistemlerde[4-6] saglik hizmetleri [7, 8] egitim[9, 10] gibi
farkli alanlarda kullanilmasini saglamistir.

Son zamanlarda EEG, beyin bilgisayar arayiizii
sistemlerinde 6nemli bir rol oynadi. Chen vd. [4] beynin
aktivite sensorleri sayesinde elde edilen kayitlarin analizi
sonucu epilepsi nobetlerinin tespit edilmesi ile ilgili
calisma yapti.

EEG, epilepsi tanisinin konulmasinda, kesin epilepsi
tanis1 almis hastalarin siniflamasi, uygun tedavi se¢imi ve
prognozun belirlenmesinde ve hastaligin seyrinin takibinde
kullanilan en degerli inceleme yontemidir. Sadece mental
durum bozuklugu ile karakterize nonkonviilzif status
epileptikus (NKSE) tablosunun tanisi igin tan1 koydurucu
tek inceleme yontemi iken yavas viriis hastaliklari, herpes
simpleks ensefaliti ve hepatik ensefalopati gibi bazi 6zel
tablolarin tanis1 ve takibinde de ¢ok 6nemli ipuglar1 saglar.

Ayrica uyku ve bozukluklart ile beyin dliimiiniin
degerlendirilmesinde de EEG kullanilir[5].

Gegmis ve  giniimiizde yapilan  ¢alismalar
incelendiginde EEG sinyalleri kontrol edilemedigi i¢in
daha dogru sonug¢ vermesi amactyla bu sinyaller iizerinden
duygu tanima se¢ilmistir. Son zamanlarda duygu tanima
isleminin saglikli olabilmesi i¢in bagvurulan yontem beyin
sinyallerine dayali duygu tahmini aragtirmalari hiz
kazanmigtir. Ses ve yiiz verileri kullanilarak duygu
tanimayla ilgili yapilan ¢aligmalar vardir ancak ses,
yiizlerin kontrol edilebilir olmas1 sebebiyle dogru
sonuglarin elde edilemeyecegi asikardir. Bu sebepten
dolay1 duygusal ve biligsel durumu anlayip, anlamli sinyale
doniigtiiren yontemin duygu tanima amagli kullanilmasi
dogruluk diizeyini artiracaktir. EEG tabanli duygu tanima
caligmalarinin birka¢1 Tablo 1° de 6zetlenmistir.

Tablo 1. Literatiir taramasi

Makale Yontem Veriseti Dogruluk degeri(%)
Li vd.[6] Destek Vektor Makineleri DEAP 59.06
SEED 83.33
Shawky vd. [7] 3 Katmanlh Evrisimsel Sinir Ag1 DEAP 87.44, 88.49
Pandey vd. [8] Varyasyonel Mod Ayristirma DEAP 62.50, 61.25
Derin Sinir Ag:
Lan vd. [9] Diferansiyel Entropi DEAP 48.93
Etki Alan1 Uyarlama Teknigi SEED 54,73
Qing vd. [10] Karar Agaci DEAP 62.63
K-En Yakin Komsu SEED 74.85
Rastgele Orman
Yin vd. [11] Yerel Olarak Saglam Ozellik Secimi DEAP 65, 68
Gao vd. [12] Destek Vektor Makineleri DEAP 89.17,91.18
Alaka Vektor Makineleri
Alakus vd. [1] Ayrik Dalgacik Doniigtimii GAMEEMO 72.73
Vektor makineleri desteklemek
K-En Yakin Komsu
Cok Katmanli Algilayict Sinir Ag1
Hassouneh vd. [3] Evrigimsel Sinir Ag1 Veri toplama 99.81
Uzun Kisa Siireli Bellek
Wei vd. [13] Tekrarlayan Sinir Ag1 SEED 80.02
Basit Tekrarlayan Birimler
Cift Agagli Karmagik Dalgacik Doniigiimi
Naser vd. [14] Gii¢ Spektral Yogunlugu DEAP 22.50, 14.87,19.44

Cift Agagh Karmagik Dalgacik Paket
Doniistimii

K-Katli Capraz Dogrulama

Destek Vektor Makineleri

Er vd. [2]

Hizli Fourier Dontistimii

Veri Arttirma Siireci (Rastgele Dondiirme,
Kesme, Renk, Kaydirma, Gauss Filtresi,
Tuz Biber Giiriiltiisii)

Evrisimsel Sinir Ag1

Kendi verisetleri

73.28

Tuncer vd. [15]

Fraktal Firat Deseni,
Ayarlanabilir Q-Faktorii Dalgacik
Dontistimii,

Dogrusal Ayrimel

K-En Yakin Komsu

Destek Vektor Makineleri

GAMEEMO

99.82

Ghosh vd. [16]

3 Katmanli Evrisimsel Sinir Ag1

Veri toplama

95

Cheng vd.[17]

GCFOREST

DEAP
DREAMER

97.69, 97.53
89.03, 90.41, 89.89
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2 Kullanilan EEG Veriseti

Bu c¢alismada, 14 kanalli EMOTIV EPOC + adi
verilen giyilebilir ve taginabilir bir EEG cihazi ile 4 farkli

bilgisayar oyunu oynayan, 28 farkli kisiden toplanan
GAMEEMO [1] veri seti kullanilmigtir. Kullanilan veri
seti Tablo 2’deki gibidir.

Tablo 2. Verisetinin 6zellikleri

Ozellik Deger
Sinyal tlirii EEG
Cihaz Kanali 14 kanal EMOTIV EPOC+
EEG elektrotlart 16 farkl kafa derisi bolgesi
Sinyallerin bant genisligi 0.16Hz-43Hz.
Her EEG sinyalinin uzunlugu 38252
Oyun tiirti 4 farkl bilgisayar oyunu:
o Komik
o Sikici
o Korku
e Sakin
Kisi say1st 28

3 Onerilen Yontem

Bu yontemin temel amaci basit ve efektif yontemleri
bir arada kullanarak yiiksek dogruluga sahip bir EEG
duygu tanima yontemi dnermektir. Bu nedenle literatiirde
siklikla kullanilan elle 6zellik ¢ikarma yontemlerinden
birisi olan bir boyutlu yerel ikili oriintiiler (BBYIO) [18,
19] kullanilmustir. Ancak, BBYIO sadece algak seviyeli
ozellikler ¢ikarmaktadir. Bu problemi ¢6zmek igin ayrik
dalgacik doniisiimii (ADD) [20, 21] kullanilarak frekans
katsayilar1 elde edilmistir ve elde edilen frekans
katsayilar1 kullanilarak ¢ok seviyeli bir 6zellik ¢ikarma
modeli olusturulmustur. BBYIO hem frekans alaninda
hem de uzaysal alanda ozellikler ¢ikarilir. Cikarilan
ozelliklerden en belirgin olanlar1 se¢mek i¢in komguluk
bilesen analizi (KBA) [22, 23] kullanilir. Onerilen yontem
4 seviyeli ADD kullanarak 4 adet algak gegirgen filtre
katsayis1 olusturmustur. BBYIO her bir sinyalden 256
ozellik ¢ikarmaktadir. Bu nedenle, toplamda 256 x
5=1280 uzunlugundaki 6zellik vektorii elde edilir ve KBA
en belirgin 256 6zelligi secer. Segilen 256 6zellik k en K-
En Yakin Komsu [24, 25] siniflandiricist kullanilarak
siiflandirma sonuglari elde edilir.

Onerilen yontemin blok diyagramm Sekil 1°deki gibi
verilmigtir.

band:

Veriseti

Lo

N
GAMEEMO
EEG
veriseti

Sinyalleri
segmentlere
bl

Ozellik
birlestirme

bandi |

KBA
kullanarak

4 seviyeli

- 6 -
ADD BBYIO

Il
| 7. Sevive [ B ozellik se¢me
band
Cogunluk kNN
oylama siniflandincisi

Sekil 1 Onerilen yéntemin blok diyagrami

Y o6ntemi daha basit bir sekilde agiklamak i¢in adimlar
tanimlanmigtir ve tanimlanan adimlar verilmistir.

Adim 0: GAMEEMO veri setini yiikle.

Adim 1: Her bir kanala ait her bir EEG sinyalini oku.

Adim 2: Okunan EEG sinyallerini 5 esit parcaya bol
ve gozlem sayisint 112” den 560°a ¢ikar.

Adim 3: Her bir gézleme 4 seviyede ADD uygula. Bu
asamada ana dalgacik filtresi olarak symlet 4
kullanilmustir.

[L!, H'] = ADD(s) 1)
[L¥, H¥] = ADD(L*"Y), k € {2,3,4} )

Esitlik 1 ve 2 kullanilan ¢ok seviyeli ayrik dalgacik
doniigiimiinti ifade etmektedir. Esitliklerde (Esitlik 1 ve
2), s EEG sinyalini, L¥, H* sirasiyla k. alcak gecirgen ve
yiiksek gegirgen frekans katsayilarini, ADD (.) bir boyutlu
ayrik dalgacik doniigiimii fonksiyonunu ifade etmektedir.

Adim 4: BBYIO kullanilarak EEG sinyalinden
(gbzlem) ve her bir gézlemden 256 dzellik ¢ikar. BBYIO
literatirde  siklikla  kullamilan  ozellik  ¢ikarma
yontemlerinden birisidir. Bu ydntemin en Onemli
ozellikleri su sekilde siralanmaktadir. Uygulanmasi basit
bit yontemdir, sinyal boyutundan bagimsiz 6zellik ¢ikarir
ve c¢ikardigi Ozelliklerin  smiflandirma  kapasitesi
yiiksektir. BBYIO yonteminin sézde kodu Algoritma 1°
de verilmistir.

BBYIO ve ADD tabanli cok seviyeli dzellik ¢ikarma
yontemi Egitlik 3-4° te agiklanmustir.

f' = BBYIO(s) @)
fH+1 = BBYIO(LY), t € {1,2,3,4} 4)
vektorii  olarak

Burada, ff t.  ozellik

tanimlanmaktadir.
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Algoritma 1. BBYIO 6zellik gikaricisinin sézde kodu

Prosediir: BBYI0(s)

Girdi: Tek boyutlu u uzunlugundaki sinyal (s)
Ciktr: Ozellik vektorii

01: fori=1tou —8do

02: b =s(i:i + 8);// Sinyali 9 elemanli 6rtiisen
bloklara ayir

03: m = b(5); // Ortiisen blogun ortanca
degerini merkez deger (m) olarak ata.

05:  sayac =1,

04: forj=1to9do

05: if j!=5 then

06: bit(sayac) = b(j) >=m; /I
Karsilagtirma fonksiyonu kullanarak bitleri ¢ikar

07: sayac = sayac + 1,

08: end if

09: endforj

10: map (i) = X5, bit(j) * 2/7*; // Ozellik
sinyalini {iret

11: end for i

12: Ozellik sinyalinin histogramini ¢ikar ve 6zellik
vektoriinii elde et.

Adim 5: Cikarilan 6zellikleri birlestir (ft) ve 1280
ozellik elde et.

ft((k — 1) * 256 + §) ®)
=f*G.Jj
€{1,2,..,256}, k €{12,..,5}

Adim 6: En uygun 256 6zelligi ¢ikarilan 1280 6zellik
arasindan seg.

Adim 7: K-En Yakin Komsu siniflandiricist
kullanarak ¢ikarilan 560 x 1280 boyutundaki &zellik
vektoriinii  10-kat capraz dogrulama  ydnteminin
kullanarak smiflandirin ve 560 elemanli tahmin edilen
etiket vektoriinii olusturun. En optimum K-En Yakin
Komsu parametrelerini  segcmek icin  MATLAB
Classification Learner aracindan bulunan optimize
edilebilir K-En Yakin Komsu smiflandiricisi kullanildi.
Bu smiflandiricinin sectigi optimum parametreler Sekil
2’de gosterilmistir.

0.2 | =0~ Tahmin edilen minimum siniflandirma hatasi
=@—Elde edilen minimum siniflandirma hatasi

B En iyi hiperparametreler

©  Minimum hata noktasi

0.18 |

Optimizasyon Sonuglari
k:1

Uzaklik metrigi: Spearman
Oylama: Inverse

Minimum siniflandirma hatasi

0.14 - Normalizasyon: false
012
0.1
0.08 -
5 10 15 20 25 30
Ilterasyon

Sekil 2 Kullanilan K-En Yakin Komsu siniflandiricisinim
optimum parametrelerinin hesaplanmasi

Adim 8: Cogunluk oylama yontemini kullanarak her
bir EEG sinyalinin tahmin edilen degerini hesapla. Bu
asamada ¢ogunluklu oylama ydntemi olarak mod
fonksiyonu kullanilmistir. Elde edilen tahmin vektérlerine
mod fonksiyonu uygulanarak genel degerler elde
edilmigtir.

Adim 9: Her bir kanal i¢in Adim 1-8’ i tekrarla.
4  Deneysel Sonuglar

Onerilen yontem ve GAMEEMO veri seti
kullanilarak hesaplanmistir. GAMEEMO veri seti 14
kanalli bir veri setidir. Bu sebepten dolay: her bir kanala
ait sonuglar hesaplanmistir. Hesaplanan performans
metrikleri dogruluk (0OA), hassasiyet (Pr), hatirlama
(Rec) ve Fl-skor (F1). Bu performans metriklerinin
matematiksel tanimi Esitlik 6-10° da verilmistir. Ayrica,
bu performans metriklerini hesaplamak i¢in dogru pozitif
(dp), dogru negatif (dn), yanhs pozitif (yp) ve yanlis
negatif (yn) degerleri kullanilmaktadir.

dp + dn 6)
0A =
dp+dn+yp+yn
_dp O
r=—"°
dp +yp
d
Rec = —p ®)
dp +yn
Pr = Rec 9)
F1=2———
Pr + Rec

GAMEEMO veri seti 14 adet kanaldan olusmaktadir.
Onerilen yoéntem tiim kanallara tek tek uygulanmis ve
kanal tabanli sonuglar elde edilmistir. Elde edilen sonuglar
Tablo 3’ te gosterilmistir.

Tablo 3’ de gosterildigi gibi, 14 kanalin 7 adetinde
100% simiflandirma dogrulugu elde edilmistir. En koti
sonug veren kanal 96.43% dogruluk oraniyla F7 kanalidir.
Bunun yami sira oOnerilen yontem duygulari en dogru
sekilde parietal loba takilan kanallar (P7 ve P8) kullanarak
tespit etmektedir. Ciinkii her iki kanalda da 100%
dogruluk oranina erisilmistir.

Onerilen  yontemin  performansini  daha iyi
yorumlayabilmek i¢in Tablo 4’ te karsilastirma tablosu
verilmistir.

Tablo 4’de sonuglar analiz edildiginde GAMEEMO
yontemi bu yontemler arasindaki en iyi yontemdir. Sadece
T7 kanalinda Tuncer vd.’nin [22] yOntemi o6nerilen
yontemden 0.72% daha yiiksek sonug¢ elde etmistir.
Geriye kalan 13 kanalda dnerilen yontem en iyi sonuglari
elde etmistir. Bunun yam1 sira GAMEEMO’ y1
smiflandirmak i¢in  derin dgrenme yontemi de
kullanilmugtir. Alakus ve Turkoglu [1] GAMEEMO’ya
derin 6grenme uygulamislardir ve 76.93% siniflandirma
basarimi elde etmislerdir. Onerilen yontem derin 6grenme
tabanli yontemden 23.07% daha yiiksek performansa
ulagmistir.
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Tablo 3. Onerilen yéntemin kanal bazli sonuglari (%)

No Kanal Ad1 OA Pr Rec F1

1 AF3 99.11 99.14 99.11 99.12

2 AF4 100 100 100 100

3 F3 100 100 100 100

4 F4 99.11 99.14 99.11 99.12

5 F7 96.43 96.51 96.43 96.47

6 F8 100 100 100 100

7 FC5 99.11 99.14 99.11 99.12

8 FC6 100 100 100 100

9 01 99.11 99.14 99.11 99.12

10 02 100 100 100 100

11 P7 100 100 100 100

12 P8 100 100 100 100

13 T7 98.21 98.21 98.21 98.21

14 T8 100 100 100 100
Ortalama 99.36 99.38 99.36 99.37

Tablo 4. Karsilagtirmali sonuglar

Kanal Alakus vd.’nin yontemi [1] Tuncer vd.’nin yontemi [15] Onerilen yontem

AF3 80 97.86 99.11

AF4 75 98.39 100

F3 75 98.21 100

F4 82 98.04 99.11

F7 71 98.39 96.43

F8 71 98.75 100

FC5 75 98.04 99.11

FC6 74 98.39 100

01 71 98.57 99.11

02 65 97.68 100

P7 70 98.04 100

P8 72 98.75 100

T7 65 98.93 98.21

T8 79 98.39 100

5 Deneysel Sonuglar

Writing - Original Draf: Merve Akay, Turker TUNCER;

Bu makalede yeni bir EEG duygu smiflandirma
yontemi dnerilmistir. Onerilen yontem basit ve efektif bir
yontemdir. GAMEEMO EEG duygu veri seti kullanilarak
14 kanalin ortalama 99.36%, 7 kanalinda 100% dogruluk
orani elde edilmistir.

Elde edilen sonuglar oOnerilen ydntemin gercek
zamanli uygulamalarda kolaylikla kullanilabilecegini agik
bir sekilde gostermektedir. Ayrica 6nerilen yontem diisiik
maliyetli bir yontemdir. Onerilen yontemin sagladig
avantajlar su sekilde siralanmaktadir. Onerilen yéntem
yiiksek basarima sahiptir, basittir, kolayca kodlanabilir ve
gomili  akilli sistemler bu yontem kullanilarak
gelistirilebilir. Bu ¢alismanin sahip oldugu tek smirlilik
ise yalnizca GAMEEMO veri setinin kullanilmasidir.

Gelecekteki calismalarda bu simirliligi gidermek ve
evrensel dogrulugu gostermek i¢in birden ¢ok EEG duygu
veri seti kullanilacaktir. Bunun yani sira sorgularda,
psikiyatri  kliniklerinde ve psikoloji bdoliimlerinde
bireylerin duygularin1 tanimlayabilmek i¢in akilli beyin
sapkalarinin gelistirilmesi de planlanmaktadir.
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Abstract

Original scientific paper
In the present study, the effects of Ni-doping on the structural properties of Fe2Os samples prepared by a wet chemical method were
investigated by using X-ray diffraction (XRD), Fourier transform infrared (FTIR), differential thermal analysis (DTA), thermogravimetric
analysis (TGA) and scanning electron microscopy (SEM) techniques. XRD and FTIR results supported the formation of the Fe2Os structure
for each sample. Until 4at.%Ni-doping, no new phase formation was observed, and for this sample, the formation of the secondary phase
of NiO was detected. It is seen that the crystal structure-related parameters and morphology are affected by Ni content. Briefly, Ni may be
used to control some properties of the Fe2Oz structure.

Keywords: Fe»Os, thermal analysis, scanning electron microscopy (SEM), X-ray diffraction (XRD)

Ni KATKISININ Fe,05'UN YAPISAL OZELLIKLERi UZERINE ETKILERININ ARASTIRILMASI

Ozet

Orijinal Bilimsel Makale
Sunulan ¢alismada, Ni katkisinin yas kimyasal yontemle hazirlanan Fe2O3’lin yapisal 6zellikleri iizerine etkileri X-151n1 kirmimi (XRD),
Fourier doniistimlii kizil6tesi (FTIR), diferansiyel termal analiz (DTA), termogravimetrik analiz (TGA) ve taramali elektron mikroskopisi
(SEM) teknikleri kullanilarak arastirilmigtir. XRD ve FTIR sonuglari her bir numune igin Fe203 yapinin olusumunu desteklemektedir.
4at.%Ni katkisina kadar yeni bir faz olusumu gozlenmemis ve bu numune igin NiO ikincil fazinin olusumu tespit edilmistir. Kristal yap1
iliskili parametreler ve morfolojinin, Ni iceriginden etkilendigi goriilmektedir. Ozetle Ni, Fe203 yapinin bazi &zelliklerini kontrol etmek
i¢in kullanilabilir.

Anahtar Kelimeler: Fez0s, termal analiz, taramal: elektron mikroskopisi (SEM), X-1sin1 kirinimi (XRD)

yaklasik %70 demir iyonlar1 ve %30 oksijen iyonlarindan
olusur. Burada oktahedral B bolgelerinin {igte ikisi,
a=5,038A ve c=13,772A birim hiicre parametreli Fe®*

1 Girig

Demir (Fe), degerligi sifirdan tige kadar degisen ¢esitli

sekillerde olusabilen &6zel bir elementtir. Manyetikten
ferromanyetige kadar farkli 6zelliklere sahip olan demir
bilesiklerinin arasinda manyetik demir oksitlerin, Manyetit
(Fes04), Maghemit (y-Fe;O3), Hematit (a-Fe;0O3) ve Gotit
(FeO(OH)) gesitleri vardir [1]. Hematit (a-Fe;Os) ferrit,
demir oksidin mineral formudur ve dogada nadiren saf
bilesimi ile bulunur. Kayalarda, toprakta ve su kiitlesinde
inorganik veya biyolojik ¢okelme ile olustugu tortul
¢okeltilerde bulunan ¢evre atmosferdeki en kararli demir
oksit tiirtidiir [2].

Hekzagonal yapidaki hematit, O2 iyonlarimin
hekzagonal siki paketlenmesine dayanan trigonal bir
kristal sistemde kristallesir [2]. Yap1 olarak korundum (a-
Al>O3) ile es yapisaldir [1]. Saf hematit kristali, agirlikta
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iyonlar tarafindan iggal edilir[2]. Yapi, bir kovalent bag ile
birbirine baglanan, siki paketli sistemde iki oksijen
katman1 arasinda demir III katyon katmanlarmin
istiflenmesi olarak tasvir edilir [1].

Hematit (a-Fe;O3), teorik olarak cok cesitli dalga
boylarinda 151k enerjisini absorbe etmesine izin veren
yaklagik 2,1eV’luk bir bant aralig1 ile termodinamik olarak
diger demir oksitlerden daha kararli bir mineraldir [1,3].
Ilging optoelektronik 6zelliklere sahip kompleks elektronik
yapilarin esliginde giiclii elektron-elektron etkilesimleri ve
elektron-foton rezonanslar1 sergiler [1]. Hematit, dogal
bollugu [3.,4], disik maliyeti [3-8], ¢evre dostu
yapisi[3,4,8], toksik olmamasi[7], diisiik bant aralig1 (2,1-
2,3eV) [6], korozyona kars1 yiiksek direnci [6,7], yliksek

Doi: https://doi.org/10.46460/ijiea.927843
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teorik ozgiil kapasitesi [4], yiiksek goriiniir 151k sogurma
verimi[5], yiiksek foto kararlilig: [5] gibi ustiin 6zellikleri
nedeni ile genig bir kullanim alanina sahiptir.
Biyokimyasal 6zellikleri, 6zellikle toksikoloji olmak {izere
bir¢ok boliimde incelenmisgtir [9]. Ayrica
antiferromanyetik bir malzeme olarak korundum yapili a-
Fe;03, 950 K’de Neel sicakligina ve 263 K’de Morin gegis
sicakligina sahiptir [6]. Hematit nanoparcaciklarin bazi
spesifik ylizey diizlemleri yiiksek yansitici kabiliyetine
sahiptir[7].

Bu avantajli 6zelliklerin yaninda, zayif iletkenlik, kisa
elektron-hol 6mrii ve zayif yiik tagiyici transfer/tasima
verimliligi gibi simrlayici dezavantajli 6zellikleri de
mevcuttur [5,10]. Morfoloji miithendisligi ve katkilama,
elektron-hol ¢iftlerinin yiizeye taginmalari igin daha kisa
yollar saglayarak ve yiik rekombinasyonunu engelleyerek
bu sorunlarin ele alinmasinda etkili olmustur [3].

Kullanim alanlar1 arasinda manyetik katalitik [9], gaz
sensorleri [6-9,11], heterojen katalizorler icin fotoelektrot
[6-8], fotokatalizorler [8,12], Li-iyon pil elektrotlar [8,13],
pigmentler [7,14], giines enerjisi doniisimi [6],
biyomedikal [9,15] ve diger alanlardaki genis
uygulamalarindan dolay1 avantajlidir.

Hematit dretimi igin hidrotermal sentez[16] ve
solvotermal sentez[17] gibi siv1 bazli kimyasal yontemler
[3,7,9], sol-jel [18], sprey piroliz yontemi [19], ¢okeltme
yoluyla sentez [20] ve biyosentez [21] gibi kullamish
yontemler mevcuttur.

Eu [22], Sn [23], Pd [24], Ir [25], Ti [26], Mn [27], Cr
[28] ve Ga [29] gibi cesitli katki elementlerinin farkli
oranlarda  katkilanmasinin  hematitin ~ karakteristik
ozellikleri {izerine etkilerinin arastirildigi ¢aligmalar
literatiirde mevcuttur. Literatiir calismalarinda, Lemine ve
digerleri [30] Ni katkili Fe;Os'iin yiiksek verimli bir
sorbent oldugunu, Sivakumar ve digerleri [31] saf ve Ni
katkili o-Fe;O3 (hematit) nanopartikiillerinin kimyasal
¢Okeltme yontemi ile sentezlemis ve Ni katki maddesinin
nanopartikiillerin yari iletken davranigini belli bir dereceye
kadar artirdigint belirtmislerdir. Liu ve digerleri [32], Ni
katkili  Fe;Os ince filmlerin  fotoelektrokimyasal
ozelliklerini incelemislerdir. Wang ve digerleri [33] Ni
katkili a-Fe,O3z nanoyapilarin Kongo kirmizisi boyasini
sudan ¢ikarmak i¢in yiiksek adsorpsiyon performansi
gosterdigini, Qi ve digerleri [34] Ni ve Co katkili Fe;Os
lityum iyon piller igin anot malzemesi olarak
kullanildiginda daha iyi elektrokimyasal performans
gosterdigini rapor etmislerdir.

Bu c¢aligmada, yukarida bahsi gectigi ilizere Ni
katkilamanin Fe;Os'e ait bazi karakteristik o6zellikler
tzerine olumlu etkileri de dikkate alinarak; Ni katkisinin
artan miktarinin Fe;Os'lin kristal yapisi, morfolojisi ve
termal Ozellikleri iizerine etkileri detayli bir bigimde
arastirllmis ve gerekli literatiir karsilagtirmalart yapilarak
rapor edilmistir.

2 Materyal ve Metot

Fe;Oz; numunelerin sentezinde; demir (l11) nitrat
nonahidrat (Fe(NOs)3-9H20, Sigma—Aldrich) nikel (I1)
nitrat hekzahidrat (Ni(NOs)2-6H20, Merck) Fe ve Ni
elementlerinin Onciilleri olarak kullanmilmistir. Her iki
kimyasal i¢in de ¢o6ziicli olarak susuz etanol (CoHsOH,
Sigma—Aldrich) kullamldi. Katkisiz ve Ni-katkili Fe;O3

numunelerinin yas kimyasal ydntemle sentezi igin her
defasinda toplam hacmi 50 mL olan, 12 mmol
Fe(NO3):'9H0 ve x mmol Ni(NOs),-6H,O ¢ozeltisi
hazirlanmistir. Burada bahsi gegen x degerleri sirasiyla 0,
0.12, 0.24 ve 0.48 seklinde alindi. Hazirlanan her bir
¢ozelti, bir manyetik karigtirict vasitastyla oda sicakliginda
2 saat karigtirilmigtir. Sonrasinda etiiv igerisinde 80 °C’de
24 saat kurutulup toz haline getirilen numuneler, bir kiil
firin1 igerisinde 750 °C’de 2 saat 1s1l isleme tabi tutuldu.
Elde edilen katkisiz ve Ni-katkili Fe;Os numuneleri
51ras1yla F6203, lNi-FeZO3, 2Ni-F8203 ve 4Ni-F8203
seklinde isimlendirilmistir.

Numunelerin X-i1ginlar1 difraksiyon (XRD) analizleri
Bruker D8 Advance cihaz1 ile alinmistir. Perkin Elmer
Spectrum One spektrofotometresi ile Fourier dontistimli
kizil6tesi (FTIR) spektrumlari kaydedildi. Numunelere ait
morfolojik incelemeler, JEOL JSM 7001F taramali
elektron mikroskobu ve bu cihaza entegre edilmis Oxford
Inca Energy 350 model enerji dagilimli X-15mm1 (EDX)
analizorii vasitasiyla gerceklestirilmistir.

Calismamizda sentezledigimiz nikel katkili hematit
numunelerinin termal ozellikleri Shimadzu TGA-50 ve
Shimadzu DTA-50 cihazlar1 ile belirlenmistir. DTA
analizleri ise 10 °C/dk. 1sitma hizinda ve 50 mL/dk. akis
hizinda dinamik azot atmosferinde yapildi. o-Al,O3
referans malzemesi olarak analizlerde kullanilmigtir. TGA
analizleri ise 30 °C —1000 °C araliginda 10 °C / dk."lik bir
1sitma hizt ile belirlendi. TGA analizleri 50 mL/dk. akisg
hizindaki dinamik azot atmosfer altinda 10 mg numune
kullanilarak gerceklestirilmistir.

3 Bulgular ve Tartigma

Sekil 1, sentezlenmis katkisiz ve Ni katkili a-Fe,O3
yapilarinin  XRD kirimim  desenlerini  gostermektedir.
Gozlenen kirmim deseni, Fe,Oz hematitin trigonal fazinin
tim kirmmim piklerine karsilik gelir (JCPDS PDF no: 33-
0664) [11,35]. Mevcut tiim pikler sirasiyla (012), (104),
(110), (113), (024), (116), (018), (214) ve (300) kristal
diizlemlerine karsilik gelmektedir [36,37]. Yalmiz en
yiiksek Ni igerigine sahip olan 4Ni-Fe;O3 numunesinde
diistik miktarda da olsa kiibik kristal yapiya sahip NiO
(JCPDS PDF no: 78-0429) ikincil fazinin olusumu tespit
edilmistir. XRD spektrumundaki dar ve keskin pikler, a-
Fe;Os; yapilarinin yiiksek kristallesmesini dogrular ve
katkili numunelerde kristallesmenin arttig1 goriilmektedir
[11]. Pik siddetlerinde degisim ve piklerin konumlarinda
gozlemlenen kaymalar, Ni atomlarmin hematit yapi
igerisine niifuz ettigi seklinde yorumlanabilir. Ayrica Ni
katkili numunelerin difraksiyon desenlerindeki pik
siddetlerinde, katkisiz numuneninkine gbre artis
gozlemlenmistir. Bu da yine kristallesmenin arttiginin bir
gostergesidir.

XRD deseninde Bragg piklerinin geniglemesi, kristal
boyutunu tahmin etmede olduk¢a 6nemlidir [38]. Ortalama
kristal biiyiikligi, D, asagida verilen Scherrer denklemi
kullanilarak hesaplanabilir [39]:

__092
f£cose

(D

Burada 4 kullanilan X 1sinlarinin dalga boyu, g yan
maksimumdaki tam pik genisligi ve 6 Bragg agisim
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gostermektedir. Buna ilave olarak; trigonal kristal yapiya
sahip olan hematitin 6rgii parametreleri (a ve c) ve birim
hiicre hacmi (V) degerleri de hesaplanarak, Tablo 1’de
listelenmistir.

Hem Sekil 1°deki XRD desenlerinden hem de Tablo
1’de verilen hesaplanmis degerlerden de acikca
goriilebilecegi lizere; Ni katkilama sayesinde Fe>O3 yapiya
ait ortalama kristal biiytikliigii (D), her iki 6rgili parametresi
(a ve ¢) ve birim hiicre hacmi (V) degerleri degismektedir.
Gozlemlenen bu degisimler su sekilde agiklanabilir: Ni ve
Fe iyonlarmin iyonik yarigaplart hemen hemen birbirine
yakin olmakla birlikte (sirasiyla 0,069 nm ve 0,064 nm)
degerlikleri birbirinden farklidir. Soyle ki, Ni +2 ve Fe ise
+3 degerlige sahiptir.

Tablo 1. Numunelere ait ortalama kristal biytikligi (D), orgi
parametreleri (a ve ¢) ve birim hiicre hacminin (V’nin) hesaplanmis

degerleri.
Numune D(nm) a(nm) c(nm) V(nmd)
Fe20s 38,28 0,50326 1,37345 0,30124
INi-Fe2Os 39,72  0,50302 1,37354 0,30098
2Ni-Fe2Os 35,89 0,50188 1,37096 0,29905
4Ni-Fe,O3 36,37 0,50257 1,36998 0,29966

Dolayisiyla yapi igerisinde yiik dengesinin saglanmasi igin
her iki Fe™ iyonu ile ii¢ adet Ni*? iyonunun yer
degistirmesi gerekir. Bu durum da yap1 icerisinde
dislokasyonlarin (kusurlarin) meydana gelmesine yol
acacaktir.

4Ni-Fe,O4
—
£
=
e}
‘*% 2Ni-Fe,O,
X
-
©
o 1Ni-Fe, O,
r - =
o
< S} & g 9 g5
3 &4 g S T § &8
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Sekil 1. Katkisiz Fe,O3 ve Ni-katkili Fe,O3 numunelerine ait XRD desenleri
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Sekil 2. Katkisiz ve Ni-katkili Fe,O5 yapilarmna ait FTIR spektrumlart.
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Calismada sentezlenen Fe;O3 temelli yapilarin
yapisal ve termal karakterizasyonu FTIR spektroskopisi
ve termal analiz teknikleri ile gerceklestirilmistir. Fe,Os
temelli yapilara ait FTIR analizleri Sekil 2’de
gosterilmektedir. Bu analizlerde tiim numuneler igin
yaklagtk 519 ve 433 cm™Yde iki absorpsiyon piki
gozlenmigtir. Saf Fe,Oz yapisinin FTIR spektrumunda
yaklasik olarak 433 cm™ ve 519 cm™’de iki siddetli pik
goriilmiistiir. Bu pikler sirasi ile Fe-O-Fe ve Fe-O gerilme
titresimlerinden kaynaklanmaktadir. Ni katkili Fe.O3
yapilarinda ise yaklagik 430, 480 ve 520 cm™ civarinda ii¢
siddetli pik goriilmistiir. Bu pikler sirasi ile Fe-O, Ni-O
ve Fe-O-Fe gerilme titresimlerinden kaynaklanmaktadir.
Yaklagtk 480 cm’deki pik yapidaki Ni varligim
gostermektedir. FTIR analiz sonuglart XRD sonuglart ile
uyumlu olup istenilen Ni-katkili Fe,Os yapisinin elde
edildigini  ispatlamaktadir.  Sonuglar literatiir ile
uyumludur[31,40-45].

Saf Fe;Os ve Ni katkili Fe;Osz yapilarinin termal
analizleri TGA  ve DTA  yontemleri ile
gerceklestirilmigtir.  Bu analizler oda sicakligindan
1000°C sicakliga kadar 10°C/dk 1sitma hizinda platin
ornek kiivetlerinde ve 50 mL/dk akis hizina sahip azot

gazt atmosferinde gergeklestirilmistir.  Sekil 3°de
sentezlenen yapilara ait TGA termogramlar: verilmistir.
Bu termogramlarda saf Fe;O3 yapist i¢in 50°C ve 120°C
arasinda yiizeyde hapsolmus olan nemden kaynakli olan
yaklagitk % 0,8 civarinda bir kiitle kaybi goriildi.
1000°C’ye kadar yapilan 1sitma sonucunda FesOs
numunesi i¢in toplamda %1,7 civarinda bir kiitle kayb1
goriilmiistiir. Bu kiitle kayb1 degeri Ni katkilama islemi ile
azalmustir. Ni-katkili Fe,O3 yapilarinda daha az kiitle
kayb1 degerleri goriilmiistiir. Bu yapiya dahil olan Ni
varligint ve azot atmosferinde yapilan 1sitmalarda temel
yapisint korudugunu gostermektedir. Katkisiz Fe,O3z ve
elde edilen Ni-katkili Fe;O3 yapilarinin termal 6zellikleri
DTA analizleri ile de kontrol edilmistir. DTA analiz
sonuglar1 Sekil 4’de verilmektedir. Bu analiz sonuglarinda
belirgin ve net bir termal degisim goriilmemistir. Bu sonug
istenilen oksit yapisinin olustugunu ve 1000°C’ye kadar
korundugunu  gostermektedir.  Sadece  1Ni-Fe;O3
yapisinda yaklagik 750°C ve 850°C arasinda bir faz gegisi
goriilmektedir. Diger yapilarin 1000°C’ye kadar termal
kararli oldugu goriilmektedir. Termal analiz sonuglari
literatiir ile uyumludur(13,24,37,44-46].

102
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—— 1Ni-Fe,0,
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X 100 1 S
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5
X og-
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Sekil 3. Katkisiz Fe;O; ve Ni-katkili Fe,Oj3 yapilarina ait TGA termogramlari.
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Sekil 4. Katkisiz Fe;O3 ve Ni-katkili Fe,O3 yapilarina ait DTA termogramlari.
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Sekil 5. Uretilen numunelere ait SEM gériintiileri ve EDX analiz sonuglari.

Sentezlenen katkisiz  ve Ni  katkili  Fe;O3
numunelerine ait SEM goriintiileri ve EDX analiz
sonuglart Sekil 5’te verilmistir. Tiim numuneler genel
itibariyle 1 pm’den kiigiik (nano boyutta) kiire seklindeki
pargaciklarin st {iste istiflenmesiyle olusan, mikro
gozenekli morfolojiye haizdirler. Pargacik boyutlar:
Katkisiz Fe,O3 numunesi igin 217-439 nm araliginda,
INi-Fe;O3 numunesi i¢in 154-340 nm araliginda, 2Ni-
Fe;03 numunesi i¢in 161-514 nm araliginda ve 4Ni-Fe;03
numunesi i¢in 162—-332 nm araliginda degismektedir. Ni
katkisinin morfolojide bazi degisimler meydana getirdigi
goriilebilmektedir. Ayni sekilde verilen EDX raporlari;
her bir numunenin herhangi bir safsizlik gostermedigini
vurgular niteliktedir. Dahasi, bu EDX sonuglart Ni
katkisinin yap1 igerisine niifuz ettigini ve bu Ni
miktarlarinin beklendigi ilizere giderek artan miktarda
oldugunu teyit etmektedir.

4  Sonuglar

Bu c¢aligmada, Ni katkisinin miktarma bagl olarak
Fe;Os’lin yapisal, termal ve morfolojik Ozelliklerinde
meydana gelen degismeler arastirilmigtir. Bu amagla bir
adet katkisiz ve ti¢ adet farkli oranlarda Ni ihtiva eden

Fe203 numunesi yas kimyasal metot vasitasiyla hizli ve
pratik bir bicimde sentezlendi. Her bir numunenin
karakterizasyonu; XRD, FTIR, TGA, DTA, SEM ve EDX
yontemleriyle gergeklestirilmistir. XRD ve FTIR analiz
sonuglar1 her bir iiretilen numunenin Fe>Os3 yapiya sahip
oldugunu dogrulamaktadir. 4at.%Ni katkili numune
haricinde ikincil bir faz olusumuna rastlanmazken, bu
numune i¢in NiO fazinin olusumu tespit edilmistir. Kristal
biliyiikligii, her iki Orgii parametresi ve birim hiicre
hacminin bariz bir bi¢imde Ni miktarindan etkilendigi
gozlenmektedir. Ni katkisinin morfoloji izerine etkili
oldugu tespit edilmistir. 1at.%Ni i¢ceren numune haricinde
numunelerin 1000 °C sicakliga kadar 1s1l olarak kararh
oldugu gozlenmistir. Bu katki miktarina sahip numunede
ise, 750 °C’den sonra degigim tespit edilmistir. Tiim
numunelerin beklenenin haricinde, safsizlik sayilabilecek
herhangi bir element barindirmadigi ve Ni’in artan
miktarda malzemeye niifuz ettigi belirlenmistir.

Aciklamalar

Bu c¢alismada etik kurul onay belgesine gerek
bulunmamaktadir.
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Abstract

Original scientific paper
The importance of solar energy is increasing due to climate change and similar reasons. However, the biggest barriers to solar energy
investments are the high initial investment cost and the long investment payback period. In this study, the effects of technological
developments in the investment payback period are examined. It has been investigated how the increase in PV panel efficiency affects the
investment payback period of solar energy systems. The annual average profit, the daily gain to be obtained according to the different PV
panel efficiency values are calculated, and the effect of different PV panel efficiency values on the investment payback period of 1 MW
PV power plant has been investigated. Levelized cost analysis has been used in this study. In the future, it has been found that the payback
period of 1 MW PV power plants may be less than 3 years if high-efficiency PV panels take their place in the market.

Keywords: PV, solar energy, PV efficiency.

PV PANEL VERIM PARAMETRESININ YATIRIM GERi ODEME SURESINE ETKISININ
ARASTIRILMASI

Ozet
Orijinal Bilimsel Makale

Iklim degisikligi ve benzeri nedenlerle giines enerjisinin énemi giin gectikce artmaktadir. Bununla birlikte, giines enerjisi yatirimlariin
oniindeki en biiyiik engel, yiiksek ilk yatirim maliyeti ve uzun yatirim geri 6deme siiresidir. Bu ¢alismada, teknolojik gelismelerin yatirim
geri 6deme siiresindeki etkileri incelenmistir. PV panel verimliligindeki artisin, giines enerjisi sistemlerinin yatirim geri 6deme siiresini
nasil etkiledigi aragtirilmistir. Yillik ortalama kar, farkli PV panel verimlilik degerlerine gore elde edilecek giinliik kazang hesaplanmis ve
farkli PV panel verimlilik degerlerinin 1 MW PV santralin yatirim geri 6deme siiresine etkisi arastirilmigtir. Bu ¢alismada seviyelendirilmis
maliyet analizi kullanilmigtir. Gelecekte, | MW PV enerji santrallerinin geri ddeme siiresinin, piyasada yiliksek verimli PV panellerin yer
almast durumunda 3 yildan az olabilecegi ifade edilmistir.

Anahtar Kelimeler: PV, giines enerjisi, PV verim.

1  Introduction studies are an economic feasibility study for investors. In
that study, factors that affect the investment have been
defined prior to the investment decision considering many

parameters which are urban areas, solar radiation and slope

Economic models have been developed to examine the
effects of solar energy on economic growth data. A

structural economic model has been developed from those
economic models [1]. In the literature, different studies on
the economic analysis of solar power plants can be found.
In one of those studies, five different power plants with 1,
5, 10, 25 and 151 MW were analyzed by using the leveled
electricity cost method [2]. Studies in the literature can be
examined in a wide-band range from general topics such as
sectoral to specific studies on the feasibility of PV power
plants. The review study was carried out emphasizing the
importance of site selection for solar power plants. Those
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[3]. Levelized Cost Analysis is one of the most widely used
methods. In that analysis, many input parameters are
considered such as the lifetime of the system, share of debt
and equity, interest rate on debt, return on equity, weighted
average cost of capital (WACC) real which is calculated
with an inflation rate, OPEX fix (EUR/kW), OPEX
variable (EUR/KWHh) [4]. It is also seen in the literature that
various analyzes of complex solar energy systems are also
made. In one of these studies, detailed research was carried
out on the energy and economic efficiency of
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Nomenclature

Abbreviation

Sub- and Subscripts

a empirical constant for climatic conditions
AC annual capital cost (US$)
b empirical constant for climatic conditions
d angle of declination
f solar constant correction factor
H sunrise hour angle
h hour angle
I Solar radiation (W/m?)
oM cost of operating and maintenance (US$)
Rs solar radiation angle factor
t duration of solar radiation incoming on the surface of the PV module
7 capital cost flow (US$/h)
Greek Letters
T total annual number of hours of the system operates (h)
v exponential change of instantaneous total solar radiation

Cl capital investment

oM operating and maintenance

GS solar constant

A atmosphere

y horizontal plane

S solar radiation incoming on the surface of the PV module placed with an optimum angle

desiccant cooling (DEC) systems. For applications, the
DEC was configured with both solar air collectors and
PV/T [5]. The energy efficiency and economic assessment
of solar air-conditioning by absorption chiller applied to
the building sector was examined [6]. The biggest obstacle
to solar energy investments is factors such as the initial
investment cost and financial risks [7]. Due to these
financial barriers, the economic evaluation of solar energy
systems, feasibility studies and many similar analyzes are
carried out by the researchers. In one of those studies, the
authors studied the impacts and economic evaluation of the
solar PV mirroring system [8]. In solar energy systems,
optimal parameters such as optimal energy costs were
investigated. Also, reference [9] can be examined for other
parameters. Techno-economic analyses, in which optimum
parameters for PV investments are determined, are seen to
be among the trending topics in the literature [10]. It is
known that the two most important analyzes applied before
investment for solar power plants are technical and
economic feasibility studies [11]. One of these studies, the
authors carried out the technical and economic feasibility
of a 50 MW solar power plant which is grid-connected
[12].

Examining the effect of the increase in panel efficiency
on the return on investment in the literature review is a less
studied subject. The investment payback period has been
calculated according to use PV panels having different
efficiency valuesina 1 MW PV power plant. Materials and
methods used in the study are discussed in the next section.

2 Material and Methods

In this study, a 1 MW PV solar power plant has been
analyzed. This solar power plant is assumed that it has

different PV efficiency values and the PV power plant was
installed in the city of Antalya in Turkey. The city is
located in an efficient location in terms of solar energy. In
the analysis, the annual sunshine time of the plant will be
98 hours [13]. Monthly sunshine duration varies. For 12
years, the average annual solar radiation is approximately
5 kWh/m2 [13]. The optimum collector angle for Antalya
is considered as 330 [24]. The latitude of the considering
place is 360. The efficiency of the PV panels used in
emerging countries is about 16%. In this analysis, the
properties of the PV panels which will be used ina 1 MW
power plant and detailed information on the cost
parameters considered within the scope of the study can be
found in Ref [14]. Economic parameters to be taken into
consideration in this analysis have been expressed for
Turkey. The average loans (commercial - US dollar) rate
given by banks in Turkey is 5.25% between 2002 and 2020
[15]. This ratio varies according to emerging countries. At
the same time, for all other parameters which are not
considered in this analysis have been considered as
constant. Some of these assumptions are following,

-All year round the weather is sunny.

-Parameters such as humidity, pressure and wind that affect
solar radiation have been neglected.

-The decrease in efficiency due to the temperature of the
PV panel has neglected.

-The efficiency decrease due to the pollution factor on the
surface of the collector is neglected.

-The prices of PV panels with different efficiency values
considered in the analysis and the prices of other system
components have been considered as constant.
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Several studies have been carried out to increase the
efficiency of the PV panels. Currently, solar cell efficiency
parameters are published by NREL. Considering the data
from this source, the highest solar cell efficiency value has
been determined as 46% [16]. Considering the determined
parameters, the efficiency values of the PV panels used in
the plant have been changed. Efficiency values of PV
panels are changed from 20% to 45%. The methods and
equations considered for the solar radiation values are as
follows [14].

24 . . T
l,=—-l. -f-sind-sine-| —-H -tanH
p= e [180 ] ®

Eq. (2) indicates the value of the daily sunlight [14,17,18].

|y=|A.[a+b-lJ @
tg
=1, '{429 o(cos(%-%)+%-(l—y/)n 3)

Eq. (4) shows the value of the solar radiation incoming on
the surface of a PV module [14,17,18].

I, =1R, )

Eqg. (5) is used for energy production from 1 MW solar
power plant

P=n-1-A ©®)

The methods and equations considered for the economic
feasibility are as follows

Z isthe capital cost flow [19].
Z2=2%47Z% (6)

Where Z©'" and Z°" indicate the hourly levelized cost of
capital investment and operating and maintenance,
respectively.

The hourly levelized capital investment cost of the solar
power plant (Z<' ) is shown as [14,19]

Z‘m :A_C (7)
T

Hourly levelized operating and maintenance cost ( zoM )is

calculated by using Eq. (8) [14,19].

FOM _ O_M (8)
T

The cost parameters are presented in Table 1.

In many studies and as previously mentioned, PV power
plants are considered as risky investments due to their long
payback period.

Table 1. Economical parameters of solar power plants for 1 MW power
[14].

Parameters Costs
PV modules (270 W) US$ 594,000.00
Inverter US$ 98,600.00

US$ 237,726.00
US$ 226,437.00
US$ 1,156,763.34

Other system components
Other costs
TOTAL COST

The most important parameter affecting the payback period
of the system is that the PV panel efficiency is still
insufficient. In this study, considering the current
economic conditions, the payback period of the system has
been determined and compared for different efficiency
values of PV panels. The efficiency of PV panels, which
are used currently in PV power plant, has been considered
as 16.62%. The assuming efficiency values of PV panels
are 20%, 25%, 30%, 35%, 40% and 45%. Actually, these
efficiency values were determined to investigate the
answer to a question. This question is if PV panels having
higher efficiency values were used today, what would be
the investment payback period of PV solar power plants?
In this part of the study, used materials and methods were
presented. The data obtained are presented in the results
and discussion section

3 Results and Discussion

When the studies and technical reports in the literature
are examined, it is seen that there are many parameters that
affect the initial investment cost of solar power plants.
Considering these parameters that increase the cost, it can
be concluded that important topics such as concentrating
on R & D and innovation studies, produce the high-
efficiency panel, and obtaining cheap raw material should
be the priority [20]. The use of high-efficiency PV panels
will significantly shorten the payback period of
investments in solar power systems. In addition,
prolonging of the lifetime of PV panels is an important
factor. The lifetime of PV panels is expressed as 25 years
in many articles and brochures [14,21]. Improvements in
the lifetime of PV panels used in the sector will positively
affect the investment in PV power plants. It can be clearly
seen that the solar energy sector has serious problems in
emerging countries. So how can investment in solar energy
be supported globally? The answer to this question is
technology. The main parameters that should be examined
under the title of technology are PV panel efficiency and
the lifetime of PV panels. However, the most attractive
parameter for investors is the increase in efficiency of the
PV panel. The efficiency of the PV panels is directly
related to the payback period of the investment and it can
be even more important than other parameters such as price
and lifetime of the PV panel. Technological developments
guide the future of the solar energy sector.
Technologically, PV efficiency is increasing day by day.
Many useful findings such as payback period of the
investment, profit and loss situation can be obtained
according to economic conditions of today and different
PV panel efficiencies. When the PV panels assumed to
have different efficiency values are used in a 1 MW PV
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power plant, the daily gain amounts in the plant can be
calculated. These findings are shown in Fig. 1.
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Figure 1. Average daily profit of 1 MW PV power plant according to
different PV efficiency values
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When the data in Fig. 1 are examined, it is seen that
net profit is around 3500 dollars per day with using of the
PV panels which have 45% efficiency in summer. When
the efficiency value (16%) of the PV panels, which
currently use in the solar market, is considered, it is seen
that PV power plant makes a net profit of around US$ 1000
per day in the summer months. When these two efficiency
values are compared, it is seen that the profit from the plant
using PV panels having the efficiency of 45% is 3.5 times
higher than that from 1 MW PV power plant using existing
PV panels (16%). Average yearly profit from 1 MW PV
power plant according to different efficiency values of PV
panels in the scope of the study is given in Fig. 2.
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Figure 2. Average yearly profit of 1 MW PV power plant according to
different PV efficiency values

Average Yearly Profit (US Dollar)

When the data in Fig. 2 is examined, annual net profit
status is expressed according to different efficiency values
of the PV panels. It can be assumed that the investment
payback period of 1 MW PV power plant should be less
than 3 years. It is seen that the choice of PV panels having
efficiencies of 30% or more will provide a very attractive
advantage for the investor. High-efficiency PV panels will
change their perspective on PV power plants, which are
considered a risky investment by financial institutions.
These results show that financial barriers, one of the
biggest barriers to PV power plants, can be overcome via
technological advances. In this analysis, it should be noted
that PV panel prices have been assumed to be constant for
each efficiency values. The increase in PV panel efficiency
will also have an upward impact on panel prices. Also,

changes in the capacities of the system components need to
be taken into account. It will be very difficult to estimate
the price for the future. The findings show the importance
of R & D for solar energy. The investment payback periods
of the 1 MW PV power plant according to the different
efficiency values considered within the scope of the
economic analysis are given in Table 2.

Table 2. Payback period of the 1 MW PV power plant according to

different efficiency values of PV panels

PV panel efficiency values Payback period of the investment cost

16% 6 year — 3 month
20% 4 year — 5 month
25% 3 year — 3 month
30% 2 year — 7 month
35% 2 year — 2 month
40% 1 year — 9 month
45% 1 year— 7 month

The most important objective of investors in emerging
countries is to maintain the value of deposits of them
against high inflation. The economic feasibility shows that
there will be a significant increase in the investments to be
made in PV power plants by obtaining high-efficiency PV
panels with advanced technological solutions and studies.
Therefore, technological developments in solar energy
should be given more importance. In particular, the
necessity to increase the funds allocated for investments in
solar cells has been clearly stated by the findings of this
study. It can be concluded that PV panels with high
efficiency will create very attractive opportunities for
investors. PV panel efficiency used in developed countries
is about 20% values. In emerging countries, PV panels
having a lower efficiency of 16 - 17% are used. It is seen
that the efficiency value of the PV panels used in solar
power plants has a significant effect on the payback period
of the investment costs. The use of solar energy is
increasing despite many barriers. In the long term, solar
energy is predicted to have a 10% share in global energy
production by 2050 [22].

4 Conclusion

The high initial investment costs and the long
investment payback period of solar power plants are
directly related to PV panel efficiency. When the solar
market will launch high-efficiency PV panels, the solar
energy sector will be stronger against global economic
shocks and global risks. The PV panels having high
efficiency will be used in the PV power plants in the future
and the investment payback period will decrease. The data
show that high-efficiency PV panels will more profit than
the current PV panels in the future. The use of panels with
PV efficiencies of 30% or more provides payback period
which is less than 3 years. It may a long time for the PV
panels with high efficiency to take their place in the
market. Investment and production costs, easy production
and the need for advanced technology should be considered
to produce high-efficiency PV panels.
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Abstract

Original scientific paper
The objective of this study is to see for micro-milling of Ti6Al4V in the different parameters, how wear occurs on the face of the tool and
how to evolve cutting temperature, forces, and chip formations with FEM. The effects of dry, liquid coolant and LN2-based cryogenic
cooling applications at 50,100,150 m/s cutting speeds and 1,2,3 wm/dev feed rate were compared in micro-milling of Ti6AI4V alloy. At
different parameters, internal and workpiece-cutting edges cryogenic (wacec) are simulated temperatures were observed. Cryogenic
cooling, dry and liquid coolant applications perceived that tool wear, chip formation, strain, stresses, and shear forces interpreted with the
FEM. Also, a mesh model based on Arbitrary Lagrangian-Eulerian (ALE) simulations and the Johnson-Cook Plasticity model for material
plasticity failure criterion are used in this study. As a result, indicated that at the cutting velocity of 100 m/min, cryogenic cooling on the
workpiece and cutting edges has caused into decreasing %57 of cutting temperature also by %54 lower tool wear was observed on the

internal tool cryogenic, by %15 the shear stresses decreased on wacec in comparison to dry cutting.

Keywords: Micro milling, finite element method (FEM), cryogenic cooling, Ti6AI4V.

1 Introduction

Micro products are becoming a standard requirement
for many product designs in response to the demand for
high flexibility, accessibility, and cost reduction with
advanced technology [1-2]. Micro-milling stands out with
high production speed and efficiency in micro-
manufacturing [3]. Micro-milling is using on
microsensors, biomedical parts, and molds with the
increase of innovative technologies [4].

Ti6Al4V alloy is used in many biomedical devices as
it provides high hardness, low wear, and high corrosion
resistance [5]. Micro-milling of Ti6AI4V alloy is poor due
to the insufficient distribution of heat in the cutting zone
causes tool wear [6]. This can lead to severe surface quality
and dimensional accuracy breakdown, as well as micro
milling tool dimension losses [7]. During micro-milling,
coolant liquids have been using to reduce the cutting
temperature and prevent tool wear, and improve surface
quality [9].

However, it appears that the performance of coolant
liquid applications in micro-milling is insufficient to
reduce the cutting temperature because of overheating and
low thermal conductivity. Overheating can causes
evaporation without effective distribution into the cutting
zone [10]. Alternative methods developed to prevent the
formation of high temperatures in the cutting zone are
cryogenic cooling and MQL(minimum  quantity
lubrication) cooling methods [11]. Although MQL cooling
has good lubrication properties, they observed that MQL’s

* Corresponding author.
E-mail address: correspondingauthor@gmail.com (M. A. Oymak)

cooling and chip removal properties are lower than
cryogenic cooling [12]. The cryogenic cooling process is
the process of applying non-oil-based cooling gases such
as liquid nitrogen and carbon dioxide to the cutting zone.
[13].

Under atmospheric pressure, liquid nitrogen and
carbon dioxide evaporate at -196 °C and -78 °C,
respectively, leaving no residue and contamination on the
tool, workpiece, chip, and cutting area [14]. Therefore, in
the processing of biomedical materials, cryogenic
processing is more advantageous than other cooling
methods that do not require secondary cleaning processes
for cleaning the water and oil emulsion contaminated by
the coolant. [15].

Micro milling with cryogenic cooling seems in the
literature experimental approaches to examine during
micromachining studies are expensive and time-
consuming methods[16-18]. The numerical solution
method is also a reliable technique used to obtain thermal
changes on chips and tools during cryogenic machining
[19].

Researches on the subject examined; Caudill et al.
(2019) observed the cutting forces and thermal fields as
cryogenic and liquid-cooled during micro-milling of
Ti6Al4V material with FEM (finite element model). When
observed liquid nitrogen application in cryogenic
processing reduces the cutting temperature by 40%, they
saw an increase in tool life and machining efficiency [20].
Davoudinejad et al. (2019) compared the micro-milling of
Ti6AI4V material by performing FEM (finite element
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analysis) and an experimental study. They proved that
8.5% error rate between experimental and FEM results
[21]. Attanasio et al. (2018) analyzed the tool wear and
chip flow of Cuzn37 in micro milling and used FEM to
determine the options of cycle number, feed, force, chip
flow, and chip shape. They proved similarity with the
experimental results of the cutting forces and chip
formations in FEM [22]. Imbrogno et al. (2017) applied 3D
FEM to observe cutting forces, temperature, and
microstructure during Ti6Al4V turning in a dry and
cryogenic. They observed that cryogenic cooling is
increased the shear forces and contributed to the
improvement in surface roughness [23]. Pashaki and Pouya
(2017) studied the temperature changes in dry and
cryogenic processing of aluminum alloy with FEM. They
used the Johnson-Cook model for error analysis of thermal
properties in their work. As a result, they saw that the
cryogenic cutting of 10 m/s decreased the tool temperature
to dry cutting by 60% [24]. Olleak and Ozel (2017)
analyzed dry and cryogenic processing in micro-milling of
Ti6Al4V using FEM. They observed that tool stresses are
lower in cryogenic machining compared to dry machining
[25]. Imbrogno et al. (2017) applied the FEM for on-duty
observation during the turning of Ti6Al4V alloy under dry
cutting and cryogenic cooling. They observed that better
surface integrity is achieved in cryogenic cooling with
temperature reduction compared to dry cutting [26].
Mamedov and Lazoglu (2016) compared the temperature
obtained from the FEM model with the temperature
measured using a milling experiment thermocouple. They
found that the share of the difference between FEM and
experimental is 12% [27]. In their research, Tounsi and El-
Wardany (2015) examined the FEM connection when there
are chip formation and residual stresses in the milling of
Ti6Al4V alloy. The properties of chip morphology,
strength, plastic deformation, and different distributions
are analyzed. Residual stresses are showed to coincide with
experimental results [28]. Rotella et al. (2014) performed a
FEM application to determine the micro offer in the
material after the dry and cryogenic cutting of Ti6AI4V.

They demonstrated the change in microprocessing
during the cooling and lubrication process during cutting.
The experimental results were in agreement with the FEM.
They observed better surface integrity and hardness in
cryogenic cooling [29].

In summarizing the studies, FEM draws attention to
several different models of micro and macro cutting of
metal using software such as Abaqus Deform, Advantage,
ANSYS can analyze temperature, shear forces, stress, and
strain [19-29].

Micro products produced from Ti6Al4V alloy, which
is indispensable for modern engineering technologies, and
micro surface roughness are gaining increasing
importance. Since surface roughness is affected by cutting
temperature, cutting speed and coolant are important
research topics.

The FEM has gained importance today. It was seen
that the finite element analysis confirmed the experimental
analyzes with a small margin of error. At the same time,
examining many experimental parameters can cause time
and financial losses in experimental micro-milling.

In this study, a FEM using based on Arbitrary
Lagrangian-Eulerian (ALE) simulations. Johnson-Cook

plasticity failure criteria model is used to observe the chip
removal method. Unlike the researches, the finite element
model simulates dry, liquid coolant, internal tool, and the
workpiece-cutting edges with liquid nitrogen cooling. This
study discussed the effects of cooling methods on
temperature, tool wear, strain, stress, chip formations,
cutting forces at various cutting speeds, and feed rates.

2 Materials and Methods
2.1 Material and Cutting Tool Properties

A workpiece of Ti6Al4V material dimensions of 8 mm
x10 mm x3 mm was modeled. Table 1 shows the physical

characteristics of heat treatment Ti6Al4V.

Table 1. Physical characteristics of heat treatment Ti6Al4V [30].

Density Hardness  Melting Thermal Elastic  Poison
Kg/m®  (HB) point°C  Conduction  modul

(W/mK) (GPa)
4430 195 1670 7.955 110 0.31

According to the literature, TiAIN coated WC
(tungsten carbide) material tools recommended for the
machining of hard materials were selected [20-24]. The
geometric features of the 4-flute end mill tool are given in
Table 2.

Table 2. Tool geometry of TiAIN coated WC

Tool diameter 0.5 mm
Helix angle 30°
Rake angle 15°
Clearance angle 5°
Cutting edge radius 0.5 um

Fig.1 shows 3D design micro milling and view of the
chip removed and temperature distribution on a tooth of
micro tool.

Figure 1. 3D Milling and view of the chip removed and
temperature distribution on a tooth.

3D milling tool geometry was designed in the 2D
orthogonal finite element method, micro tool, and
workpiece. The dimensions of the orthogonal cutting tool
are given in Fig. 2.

R [0.0005

Figure 2. Dimensions of the orthogonal cutting tool.
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2.2 Meshining

In this study, the mesh was applied using the
Lagrangian approach to calculate chip formation with
finite element software. The Arbitrary Lagrangian Euler's
(ALE) approach using the clear integration solution is
applied to reduce the typical element distortions of the
Lagrangian approach.

In the ALE application of mesh to the part and the
micro tool designed with the finite element method, 1575
elements meshed on 695 workpieces. Fig. 3 shows the
mesh density applied before and during cutting.

itk

Figure 3. Tool and workpiece mesh istribution and mésh _
distribution during cutting.

2.3 Structural Modeling of the Material

Johnson-Cook (JC) model describes the plastic
behavior of the workpiece material. Structural behavior in
machining conditions is a substantial issue to make a
reliable FEM. The Johnson-Cook (JC) constituent material
model is considered to be a reliable model (Eq. 1) used in
previous literature [31]. Chip flow stress, ee plastic strain,
€ 'strain rate, €'0 reference strain rate. The material
temperature is m melting point and a is room temperature.
JC constants are respectively: yield stress A, pre-
exponential factor B, stress rate factor C, work hardening
exponent, and m thermal softening exponent.

o= [4+BEM1 +Cln1 - ()" (1)

Tm-T,
The thermo-mechanical properties of the workpiece

and the material constants used in modeling plastic
behavior according to the JC model are given in Table 3

Table 3. Thermo-mechanical properties of Ti6AI4V [32].
A B n Cc m To ™
(MPa)  (MPa) 0 (O
782.7 4984 0.28 0.028 1.0 20 1450

2.4 Model of Coulomb Friction

For the model of this section, the case of classical
friction situation following Coulomb’s law is assumed;
frictional sliding force is proportional to the applied normal
load. The ratio of these two is the coefficient of friction p
which is constant in all the contact lengths between chip
and tool. The relation between frictional stresses T and
normal stresses can be expressed as: (2). The friction
coefficient is taken as 0.3 constant throughout the analysis

in all the contact lengths by Calamaz et al.[33] and Hong
et al. [34].

T=On (2)
2.5 Model of Tool Wear

The simulations of the micro-milling process, the
workpiece, and the tool are not exposed to any external
forces. A wear rate model based on the sliding wear
mechanism that is mechanical contact pressure, sliding
velocity and temperature-sensitive proposed by Usui et al.
[35] has been used in this study. This tool wear rate model
calculates the rate of volume loss on the tool per unit area
per unit time. The wear equation constants are set to a =
1x10° b=1000. Interface temperature (T), P interface
pressure, and sliding velocity (vs) at the tool surface as
inputs and yields a wear rate (dW/DT) distribution in the
tool as shown in Eq. (3).

dW/dt = aPvse T (3)

Also, the tool coating affects the equivalent thermal
conductivity, the heat capacity of the coated tool, and the
friction coefficient at tool-chip contact.

2.6 Cooler Application Model

In this application, the cutting temperature is compared
with cryogenic cooling, coolant, and dry cutting. The
ambient temperature was chosen as 20 °C. Analyzes were
carried out using the finite element method. The
temperatures and surface transfer coefficient parameters in
the cutting simulation are given in Table 4.

Table 4. Coolant temperatures and surface transfer coefficient table [20].

Dry Liquid LN cryogenic
Coolant 20 20 -196
temperatures °C
Surface transfer 45 2500 20000

coefficient W/m?

In this simulation of the internal tool cryogenic cooling
and equal to the workpiece, and the cutting edges are made
according to the design in Fig 4. Three nozzles were used
for cooling applied to the workpiece and cutting edges.
Nozzle diameter and density of liquid nitrogen cryogenic
liquid, flow rate, and application areas are given in Table

5.
Y= S

Figure 4. Internal cooling of the tool in the orthogonal cutting plane and
cooling of the part and the cutting planes during cutting

Table 5. Application values of liquid nitrogen.
LN2 density (kg/m?) 808
Jetradius  (mm) 0.01
Flow rate  (kg/min) 0.2
Coolant applied location Workpiece and cutting edges
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3 Results and Discussion

With the tendency of cutting heat to accumulate on the
cutting tool, there is a need to characterize the distribution
of thermal fields on the tool and workpiece. Because of the
low thermal conductivity exhibited by the Ti6AI4V
material. Table 6 shows micro-milling simulation cutting
parameters

Table 6. Cutting parameters
Cutting parameter

Cutting speeds (m/min) 50,100,150
Feed rates (nm/dev) 1,23
Depth of cut  (um) 1

Coolant applications LNz Cryogenic, Coolant liquid

To characterize cutting temperatures, the temperature
distributions, strains, stresses, tool wear during dry, liquid
coolant, and cryogenic cutting were shown in the
orthogonal plane.

3.1 Effect of Cutting Speed on Cutting Temperature

The higher the cutting speed can cause more
mechanical interaction and more chips remove per unit
time. This increase in mechanical interaction increases the
cutting temperature [38] as seen in Fig 5.

Additionally, it is seen in Fig.5 that cryogenic
applications are affected more by the cutting speed than dry
and coolant applications. The reason for reduced cutting
temperature is due to the low cutting speed in cryogenic
applications. Low contact time of the LN, fluid in the
cutting zone causes friction and reduces the amount of heat
transferred to the cutting tool [41]. In the simulation where
we applied cryogenic LN; to the cutting areas and the part,
it is seen that it obtained the best result at 50 m/ min cutting
speed, while it obtained a temperature 80% lower than 150
speed. m / min. It is seen that this ratio is 42% in dry
cutting, 44% in the cooler, and 62% in the internal
cryogenic cooling of the tool.

400
=—4—Dry
@)
o
L
5300
[
3 == Flood-
§ cooled
E200
>
£ Tool
3
cryo
=100 ¥
=3¢ \Nacec
0
50 100 150
m/min

Figure 5. 2um / dev feed on the effect of coolant applications at
different cutting speeds on temperature.

Temperature distributions in the tool and the
workpiece analysis results of FEM were shown in Fig 6. It
is seen that as the cutting speed increases, the chip

temperatures increase, and ductile chip formation is
observed.

Dry Flood-
cooled

Tool cryo

50
m/m
in
100
m/m
in
150
m/m
in

Figure 6. Temperature distribution of dry, coolant, and cryogenic
applications at different cutting speeds on 2pm / rev feed.

3.2 Impact of Feed Rate

The graphs of the maximum temperatures at 150 m /
min in 1,2,3 pm/rev progress are given in Fig. 7. In the
same cooler applications, the feed rate affects the
temperature between 5-19%. The feed rate effect is higher
in cryogenic applications. It is noticed from the change of
temperatures in Fig. 7 that alteration is between 11-19% in
the cryogenic cooling applied to the cutting edges and the
workpiece, and between 5-9% change in dry cutting on the
different feed rate.

Increasing the cutting speed causes decreases the
effect of the feed rate on the temperature in cryogenic
applications. It is seen that the cutting speed effect on the
temperature is higher than the feed rate when Fig. 5 and 7
are compared.

o 400 o—Dry
=2
e
< 300 B = u
Q.
E 250 == [|00d-
c cooled
E 200
§ 150 >é/)(———X
Tool
100 cryo
50
0
1 2 3 e \/\/aCEC
um/dev

Figure 7. The effect of coolant applications on the temperature at
different feed rates on 150 m/s cutting speed.

The temperature distributions formed in the tool and
the workpiece simulations made with finite element
methods are shown in fig. 8. In the application of dry and
coolant, it is seen in the chip formations in fig. 8 that the
temperatures in the chips are higher, as a result of which
the chip formation is more ductile. When compared the
temperature distributions and chip shapes in Fig. 6 and Fig.
8, it is seen that the cutting speed increases can affect the
chip ductility and cutting temperature more than the feed
rate.
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Dry Flood- Tool cryo | Wacec
cooled
1
pm/
dev o | R :
2
pm/
dev il N A=
3
pm/
deV oo, . n

Figure 8. Temperature distribution of coolant applications in the
workpiece and tool at different feed rates on 150 m/s cutting speed

3.3 Effect of cryogenic applications

Low cutting speed and feed rates are more effective in
lowering temperatures in the application where the
workpiece and cutting edges are cryogenic cooled. Fig. 9
shows temperature differences of the internal cryogenic,
workpiece-cutting edges cryogenic coolings. The
maximum temperature drop was achieved by up to 57%
compared to the internal tool and wacec at 50 m/min
cutting speed and 1 pm/rev feed rate. The lowest
temperature change was measured at 150 m/min cutting
speed and 3 um/rev feed rate by up to 18% compared to
the internal tool and wacec. This is because fluid is applied
directly to the cutting planes. Slow cutting speed and feed
rate can reduce cutting temperatures significantly due to
more cutting zones interaction.

e
o
S300
[3+
g
£200
o
100
l"'] l1'-| il
E o
3 50 100 150 50 100 150 50 100 150
= m/min
1 2 3
um/dev

m Tool cryogenic ®Wacec
Figure 9. Maximum temperature change in LN, applications

3.4 Effect of cutting speed and coolant applications on tool
wear

The amount of wear and distribution of cutting tools
caused by micro-milling at 50, 100, and 150 m/min is
shown in Fig. 10. Cryogenic cooling on workpieces had
hardened the Ti6Al4V metarials Ahmed et al [42]. The
hardening of the material increases tool wear. When the
graphic in Fig. 10 is examined, it is seen that internal
cryogenic applications executed lesser wearing than other
cutting applications on different cutting speeds. Also, it is
seen that cryogenic applications decrease tool wear. At the
same time, the internal cryogenic application gives the tool
high hardness and wear resistance. It was observed that as
the cutting speed increased, the amount of wear increased
in parallel with the cutting temperature.

0,035 Dry
0,03
—=0,025
g Flood-
= 0,02 cooled
S
20,015
E Tool
= 0,01 cryo
0,005
0 e \/\/aCEC

50 100 150 mys cutting speed

Figure 10. The amount of wear on the tool in 1 pm/dev feed at
different cutting speeds and cooling applications

LN application is expected to significantly decrease
the rate of tool-wear during high speed milling of Ti6AI4V
Caudill et.al [20]. As a result of the analysis made with
finite element methods, the wears and the wear
distributions in the set were shown in Fig. 11. The lowest
wear is observed in the internal cryogenic cooling of the
tool at 50 m/s cutting speed. The highest wear is seen in
dry cutting with a cutting speed of 150 m/s.

Dry Flood-
cooled

Tool cryo | Wacec

50
m/min

100
m/min

150
m/min

Figure 11. Distribution of tool wear in analyzes shown at different
cutting speed.

3.5 Effect on chip formation and stress

As cutting temperatures increase, chip ductility and
chip thickness increase [36-37]. As seen in Fig. 12, the top
and hole distances decrease in chip thickness cooling
applications. Chip thicknesses that decrease while the
temperature decreases are indicators of the formation of
brittleness in the chip. Chip thickness in the matter of
valley heights reduced with cryogenic cooling

Davoudinejad et.al. [43].

(a (b) ( ) (d)
Figure 12. Compare to peak and valley heights of chip thicknesses
a) Dry b) flood-cooling,c) internal cryogenic d) wacec, peak, and
dimple heights of chip thickness.

Due to the cooling effect of LN,, which lowers the
cutting temperature and increases the brittleness [37]. Also,
the cryogenic process. Fig. 13 shows that the stresses are
higher in cryogenic cooling applications than in dry
cutting. Stress increased inversely with temperature While
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machining, a pre-stress area is formed on the cutting plane,
which overlaps inversely with the stress field created by the
force and heat Umberello et al [44].

[

@ (b)
Figure 13. Compare to stress distributions a) Dry b) flood-cooling,
c) internal cryogenic d) Wacec.

As is well known, cutting force and cutting heat
interrelate during the milling shear slip and plastic
deformation would occur in the cutting area due to the
cutting force [40]. The temperature rises as the result of
which the work of the plastic deformation and the friction
turns into heat, thereby causing thermal strain and then
softening the material Peng et al [45]. While cryogenic
cooling limits the deformation in the chip by reducing the
cutting zone temperature, that causes decreases in the
amount of strain as shown in Fig. 14. Micro-machining is
applied at high speeds to accelerate production. Material
processing at high speeds causes continuous chip
formation. Decreased strain can make brittle chip
formation and prevent unwanted continuous chip
formation [39]. Chip breakability was appreciable, and the
acceptable forms of chips were produced in cryogenic
machining conditions when compared to dry and wet
machining environments Jerold and Kumar [46].

(@)
Figure 14. Compare to strain distributions a) Dry b) flood-
cooling,c) internal cryogenic d)Wacec

3.6 Effect of coolant applications on forces

Since cryogenic cooling causes hardening in the
material, it increases the cutting forces Shokrani et al. [47]
There is uncertainty in the literature regarding the effect of
cryogenic cooling on measured shear forces. Some
empirical-based studies have concluded that cryogenic
application in Ti6Al4V processing leads to an increase in
shear force [20-24] due to an increase in hardness and
strength in the workpiece.

Other studies have concluded that some force
components are increased while using cryogenic cooling,
while other components are decreased or not affected [25-
28]. The force reduction may occur because of changes in
the low-temperature friction behavior or a reduction in
tool-chip contact length due to physical chip removal. All
these possibilities are directly affected by the experimental
methodology as the LN, application is quite sensitive.
Numerical simulations within the deform and the model
created to apply cryogenic cooling cannot physically
calculate the effect of chip removal. In Fig. 15, the shear
forces in the x and y direction in dry, flood-coolant, and
cryogenic cooling applications at a speed of 1um advance

and 100 m/min are given in Fig. 15. It has been observed
that the shear forces increase in cryogenic uses.

4,5

3,5

3
2,5
2
15
1
0,5
0

x forces (N) y forces (N)

mDry ®mFlood-cooling ®Tool cryo ®Wacec

Figure 15. Effect of shear forces (N) in x and y direction in dry,
cooler, and cryogenic cooling.

4 Conclusion

Using cryogenic in the machining process increases
tool life, dimensional accuracy and provides better
roughness. Results of reduced temperature create low
energy consumption and increase productivity. Therefore,
in this study, the finite element model of micro-milling
Ti6Al4V alloy by different cutting parameters and cooling
applications. Based on simulation results, it can be
concluded that;

e A significant decrease in cutting temperatures is
noticed in cryogenic applications. In wacec %57,
internal tool cryogenic % 42, and liquid coolant %11,
temperature drops were observed against dry cutting.

e In cryogenic cooling on the workpiece and cutting
edges, The temperature significantly increased as the
cutting speed and the amount of feed increased, and the
highest temperatures 174 °C were seen at 3 pm / rev at
150 m / min and the lowest temperatures 34°C were
seen at 50 m/min,l pm/rev.

e Ithas been observed that keeping the cutting speed low
increases the effect of the cryogenic application on the
temperature during cutting and is more effective in the
cooling application applied to the part and cutting
areas.

e Internal tool cryogenic cooling gave %18 better tool
wear results compared to the cooling of the workpiece
and cutting edges. It is showed that internal cooling
can reduce tool wear.

e Cryogenic cooling of the workpiece and cutting edges
showed 44% less wear and 54% less internal tool wear
compared to dry cutting. Tool wear can be reduced
depending on the predicted temperatures, tool wear
was predicted, showing that LN cryogenic cooling
can significantly improve tool life.

e Considering the production times of micromachining,
production is made at high speeds. Material processing
at high speeds causes continuous chip formation.
Cryogenic cooling has been found to make the chips
brittle. It is predicted that the continuous chip
formation that damages the tool and the part can be
reduced by cryogenic applications.
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It has been seen that the cutting forces %15 increase
with cryogenic cooling. However, numerical simulation of
micro-milling is limited by the number of factors that can
be effectively analyzed. Thus, more experimentation is
necessary to make any conclusive statement.
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Abstract

Original scientific paper
Cellulose nanocrystals (SN) were isolated from the shell of horse chestnut seed using sulfuric acid hydrolysis. The raw shells were broken
into small pieces, treated alkali, bleached, and subjected to the sulphuric acid process. The effect of hydrolysis time on the structure,
crystallinity, thermal properties, morphology, and topology of cellulose and SNs were investigated. The lignin and hemicellulose contents
were almost entirely removed from the produced cellulose through the alkali and bleaching treatments demonstrated to Fourier transform
infrared spectroscopy (FTIR). The crystallinity of SNs was increased firstly with increasing reaction time and then along with the reaction
times longer than 20 min. decreases. The optimal isolation time for SN production was found to be 20 min at 45 °C in a 50 % sulfuric acid
solution. The morphology of the cellulose and SN were investigated by scanning electron microscopy (SEM) and revealed a changed
needle-like surface structure of SN relative to cellulose. The surface roughness of cellulose with a Ra value of 585 nm is higher than the
cellulose nanocrystalline with a Ra value of 111 nm, which were characterized using atomic force microscopy (AFM). The thermal stability
of SNs was decreased during increased extraction times compared with cellulose.

Keywords: Acid hydrolysis, cellulose nanocrystals, crystallinity, horse chestnut.

ULTRASONIK DESTEKLI ASIT HIDROLIZi ILE NANOKRISTALIN SELULOZ URETIMi

Ozet
Orijinal bilimsel makale

Seliiloz nanokristalin (SN) at kestanesi tohumu kabugundan asit hidrolizi ile ekstrakte edilmistir. Ham kabuklar kii¢iik pargalara boliinmiis,
alkali isleme tabi tutulmus, agartilmis ve siilfirik asit ile muamele edilmistir. Hidroliz reaksisyonunun siiresinin elde edilen SN’lerin
yapisina, kristalinitesine, termal, morfolojik ve topolojik 6zelliklerine etkisi aragtirilmigtir. Fourier kizil 6tesi spektrumlart ( FTIR)
incelendiginde ligninin ve hemiseliilozun alkali ve agartma iglemleri sirasinda iiretilen iiriinlerin yapisindan tamamen uzaklastirildigi
goriilmiistiir. Uretilen SN’lerin kristalinite dereceleri artan reaksiyon siiresi ile birlikte énce artmis ve 20 dakikadan sonra azalmaya
baslamistir. At kestanesi kabugundan SN {iretiminde optimal izolasyon siiresi 20 dakika (45 °C’de ve % 50°lik siilfirik asit ¢ozeltisi
igerisinde) olarak belirlenmistir. Selilloz ve SN’nin morfolojik 6zellikleri taramali elektron mikroskobu (SEM) ile incelenmis ve seliiloza
gore SN’nin igne benzeri degismis bir yapiya sahip oldugu gézlenmistir. 585 nm’lik Ra degeri ile seliilozun yiizey piiriizliiliigiiniin SN’ye
gore (111 nm) daha yiiksek oldugu atomik kuvvet mikroskobu (AFM) ile tespit edilmistir. SN’lerin termal stabilitesi artan izolasyon siiresi
ile seliiloza gore azalmigtir.

Anahtar Kelimeler: Asit hidrolizi, at kestanesi, kristalinite, seliiloz nanokristal.

1 Girig gelecek vadeden 6nemli bir dogal malzemedir [3,4]. Son
yillarda selillozdan meydana gelen birgok yeni malzeme

Diinya niifusunun artmasit ve ihtiyag duyulan aragtirmalara konu olmus ve dretilmistir [5]. Seliiloz

kaynaklarin sinirli olmasi yenilenebilir, gevreye duyarli ve
stirekliligi olan biyolojik kdkenli malzemelerin dneminin
artmasina sebep olmustur. Bu nedenle yenilenebilir
malzeme arayisi birgok arastirma ve uygulamanin baglica
konusu olmustur [1,2]. Seliiloz; birgok aragtirmacinin
dikkatini ¢eken, kullamima hazir, gelistirilebilir, sentetik
polimerik malzemelerin yerini alabilecek, yenilenebilir ve
basta medikal uygulamalar olmak iizere bir¢cok alanda
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diinyada en ¢ok bulunan agaglar, bitkiler, su yosunlari,
hayvanlar, amip ve bakteriler gibi ¢esitli biyo-kiitlelerden
elde edilen ozellikle kagit endiistrisinde kullanilan dogal
bir ham maddedir [6]. Bunlarm yaninda seliiloz biyo-
bozunur olmasi ve toksik olmamasi gibi oOzellikleri
sebebiyle biyo-absorban olarak da bilinmektedir [7]. Bitki
fiberlerinin ana bileseni poli(1,4-p-D-anhidroglikopiranoz)
birimleri iceren yar1 kristal bir polimer olan seliilozdur. Bu
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birimler hidroksil baglari arasindaki giiclii hidrojen
baglarindan olusur. Bitki fiberlerinin diger bilesenleri ise
amorf yapiya sahip olan lignin ve hemiseliilozdur [8].

Gii¢li asit hidrolizi dogal fiberden amorf bolgenin
uzaklastirilmasi ve seliiloz nano-kristalin izole edilmesi
icin iyi bilinen ve yaygin olarak kullanilan bir yontemdir
[9]. Belirlenen sartlar altinda asit hidrolizi ile amorf bélge
uzaklagtirtlmasi  seliiloz ~ nano-kristalin ~ yapisini,
kristalinitesini, ylizey morfolojisini ve termal stabilitesini
etkiler [10].

Seliilloz nano-kristal (SN) seliilozun asit hidrolizi,
amonyum persulfat oksidasyonu, TEMPO oksidasyonu
gibi yontemlerle elde edilen ve gubuk seklinde olan nano
boyutlu bir malzemedir [11]. SN, biyo-bozunur olmasi,
termal olarak diisiik genlesme gostermesi, optik
gecirgenlige sahip olmasi, diigiik maliyetli olmasi ve toksik
olmamasi gibi bir¢ok essiz dzelliginden dolayi1 oldukga
genis bir yelpazede kullanim alan1 bulmaktadir. Bu
ozelliklere bagl olarak SN sekil hafizali polimerler, 151k ile
onarilan malzemeler, ila¢ yayiimi, fotonik kristaller, sulu
islemler icin membran filmler, biyomedikal cihazlar ve
mekanik uyumlu nanokompozitler gibi bir¢ok uygulamada
kullamlmistir [3,12]. Ayrica genis yiizey alanina sahip
olmasi ve yiizeyinde bolca hidroksil grup barindirmasi
sebebiyle kolayca ylizey modifikasyonu yapilmasina
imkan saglamaktadir. SN’nin kristal yapisimi ve kalitesini
belirleyen en &nemli unsurlardan biri kullanilan dogal
seliiloz kaynagidir [13]. Bu nedenle bir¢ok kaynak SN
iretmek i¢in kullanilmis ve arastirmalara konu olmustur.
Kargarzadeh ve arkadaglari1 [14] kenaf bitkisinin
liflerinden SN ekstrakte ederek ekstraksiyon kosullarinin
malzemenin morfolojik, kristalinite ve termal 6zelliklerine
etkilerini aragtirmigtir. Jiang ve Hsieh [15] piring
samanindan mekanik ve kimyasal yolla seliiloz nanokristal
ve seliiloz fiber ekstrakte ederek bunlarin kendiliginden bir
araya gelip bag olusturma (self-assembly) ozelliklerini
incelemigtir. Neto ve arkadaslari [16] soya kabugunun
endiistriyel tarim atigindan seliiloz nanokristal eldesini ve
karakterizasyonunu  gerceklestirmistir. Shamskar ve
arkadasglar1 [17] ham pamuk ve pamuk amzindan seliiloz
nanokristal aerojel hazirlayip bunun karakterizasyonunu ve
degerlendirmesini yapmustir. Jasmani ve Adnan [18]
Malezya’da yaygin olarak bulunan Acacia mangium isimli
bitkiden SN elde ederek bunun gii¢glendirme potansiyelini
aragtirmigtir. Ogundare ve arkadasglart [9] atik sigara
filtrelerinden SN dretimini arastirmustir. Dunlop ve
arkadaglar1 [19] omurgasiz deniz canlilarindan (tunicates)
SN elde etmistir. Ilyas ve arkadaglar1 [20] hurma palmiyesi
liflerinden SN iireterek karakterize etmistir. Foo ve
arkadaglar1 [21] palmiye bitkisinden selilloz nanokristal
elde etmis ve bunun yiizey modifikasyonunu yaptiktan
sonra curcuminin baglanmasinda kullanmislardir. Tuerxun
ve arkadaglar1 [22] kauguk odunundan ve kenaf liflerinden
SN  sentezlemis, karakterizasyonunu yapmis ve
sitotoksisite ozelliklerini aragtirmistir. Ayrica yapilan bazi
caligmalarda ¢am kerestesi [10] ve musir koganindan
[10,23,24] selilloz nanokristal ekstrakte edilmis ve
karakterizasyon teknikleriyle incelenmistir.

SN’nin boyutlar1 elde edildigi kaynagin cesidine ve
izolasyon kosullarina bagli olmakla birlikte uzunlugu 100-
300 nm, genisligi 5-20 nm ve en boy orani (uzunluk/cap)
30-150 arasinda degismektedir. SN’nin elastisite modiilii
138-167 GPa ve egilme mukavemeti 10 GPa’dir [24].

Endiistride yasanan gelismelerle birlikte atik
miktarmin artmasi, bu atiklarin tekrar kullanilabilirligi gibi
sorunlar dogal ve doniistiiriilebilir malzemelere olan
ilginin artmasina sebep olmustur. Biyolojik atiklar da
endiistriyel atiklar arasinda 6nemli bir yer tutmaktadir. Tip
ve ila¢ sanayisi basta olmak iizere at kestanesi agacinin
tohumu bir¢cok alanda kullanilmaktadir ve kabugu
biyolojik atik olarak atilmaktadir [25]. Ayrica kullanilan
seliiloz kaynagi elde edilen seliiloz nanokristalin kalitesini
ve Ozelliklerini belirleyen en biiyiik etkendir ve at kestanesi
kabugundan SN iiretimi hakkinda literatiirde heniiz
herhangi bir ¢alisma bulunmamaktadir. Bu ¢alismada Firat
Universitesi kampiisiinde bulunan at kestanesi agaclarinin
tohumlarinin  kabuklarindan SN iiretilerek bu alanda
ckonomiye ve literatiire katki saglanmasi amaglanmistir.
Buna bagli olarak asit hidrolizi ydntemiyle at
kestanesinden SN’nin iiretiminde hidroliz siiresine bagl
olarak optimizasyon caligmasit yapilmistir. Ayrica elde
edilen {irlinlerin yapisal 6zellikleri Fourier Doniisiimlii
Kizilotesi (FTIR) Spektroskopisi ile kristalinite 6zellikleri
X-Isimi1 Kirmmimi (XRD) yontemiyle, termal ozellikleri
Termal Gravimetrik Analiz (TGA) ve Diferansiyel Termal
Analiz (DTA) ile ve morfolojik ve topolojik 6zellikleri ise
Atomik Kuvvet Mikroskobu (AFM) ve Taramali Elektron
Mikroskobu (SEM) ile arastirtlmustir.

2 Materyal ve Metot
2.1 Materyal

Seliiloz nanokristal kaynag1 olarak Firat Universitesi
kampiisiinden toplanan at kestanesi tohumlarinin kabuklari
kullanilmistir. Kullanilan kimyasallar; sodyum hidroksit
(NaOH, Sigma—Aldrich), saf asetik asit (CHsCOOH,
Sigma—Aldrich), siilfiirik asit ( H2SO4 96.0 %, Vetec,P.A.)
ve sodyum Kloritten (NaClO,, 31 .0 %, Sigma—Aldrich)
olusmaktadir.

2.2 Seliilozun Hazirlanmasi

At kestanesi tohumlarinin kabuklari ve i¢i birbirinden
ayrildiktan sonra kabuk kisimlar1 kesici mikser yardimiyla
dgiitiilmiistiir. Ogiitiilen kabuklara mekanik karistiricida 4
saat boyunca 80 °C’deki sodyum hidroksit (% 4 NaOH)
¢ozeltisi ile alkali islemi uygulanmistir. Bu islem 4 kez
tekrar edilmis ve alkali ortamda ¢oziinebilir kismin
temizlenmesi i¢in yikanarak filtrelenmistir. Fiberler 40
°C’de hava ortaminda firinda 24 saat boyunca
kurutulmustur. Alkali islemin ardindan esit hacimde (v:v)
asetat tampon ¢o6zeltisi (8,1 g NaOH ve 22,5 mL saf asetik
asit 300 mL suda) ve sulu sodyum klorit ¢dzeltisi (1,7 ag.%
NaClO; suda) ile agartma iglemi yapilmistir. Agartma
islemi 4 kez 80 °C’de ve 4 saat boyunca tekrarlanmistir.
Her islemin ardindan agartilan fiberler saf su ile pH notr
oluncaya kadar yikanarak dekante edilmis ve
filtrelenmistir [24].

2.3 Seliiloz Nanokristal Ekstraksiyonu

Seliiloz, yarikristal biyopolimer bir malzemedir [2].
Seliilozdan SN elde etmek i¢in asit hidrolizi uygulanmistir.
Bunun i¢in 45 °C’de ve 10, 20, 30 ve 60 dakika siireyle
ultrasonic 1siticili su banyosu igerisinde sabit karigtirma
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hizinda gergeklestirilmistir. Her bir asit hidrolizi iglemi i¢in
esit miktarda agartilmis fiberler kullanilarak hacimce %
50°lik stlfirik asit sulu ¢ozeltisi icerisinde hidroliz
reaksiyonu baglatilmis, reaksiyonu sonlandirmak igin ise
ortama saf sudan hazirlanmis buz pargalari eklenmistir.
Ardindan ortamda kalan asiti uzaklagtirmak i¢in 10 dakika
1000 rpm’de santrifiij islemi yapilmistir. Bu iglemin
ardindan ¢okelti, reaksiyona girmemis siilfat gruplarini,
tuzlar1 ve ¢oziinebilir sekeri uzaklastirmak icin pH notral
oluncaya kadar saf su ile diyaliz islemine tabi tutulmustur.
Her bir numune hidroliz zamanima gére 10, 20, 30 ve 60
dakika icin sirastyla SN10, SN20, SN30 ve SN60 olarak
isimlendirilmistir.

= i L0
> P
1 2 3 4
{ . - - - !: -

N

Sekil 1. 45 °C’de %50’lik H,SO4 ¢6zeltisi igerisinde 10, 20, 30 ve 60 dk.
asit hidrolizine tabi tutulmus SN10 (1), SN20 (2), SN30 (3) ve SN60 (4)

2.4 Karakterizasyon Galismalan

Tim numuneler hava ortaminda kurutularak
karakterizasyon testleri i¢in hazirlanmigtir. X-Isin1
Kirinimi (XRD) 6l¢timleri (Rigaku Mini Flex 600) 5 ile 50°
20 araligmnda, 0,5°/dk tarama hizinda, 40kV 6l¢iim
giiclinde 30 mA akim ile ve Cu Ko radyasyonunda (1,5406
A) yapilmigtir. XRD desenlerine gdre numunelerin
kristalinite indeksi Segal [26] metoduna goére Esitlik 1
yardimiyla hesaplanmuistir:

Krl=[1- (1’0%)] x 100 1)

burada 1oz 002 kafesindeki kirimimin maksimum
yogunlugu ( keyfi birim olarak), ve I, 002 ve 101 kafesleri
arasindaki minimum kirinimin minimum yogunlugudur.
looz kristal ve amorf'bolgeyi temsil ederken I, sadece amorf
kismi gostermektedir.

Numunelerin fonksiyonel gruplarini karakterize etmek
icin FTIR spektroskopisi (Thermo Scientific, Nicolet iS20)
4000 ile 500 cm? araliginda, 4 cm? coziiniirliikte
spektrumlar taranarak kaydedilmistir.

Termogravimetrik analizler (Perkin Elmer Sapphire)
hava atmosferinde 20 ile 600 "C sicaklik araliginda ve
10°C/dk 1sitma hizinda gergeklestirilmistir.

Numunelerin mikro yapilar1 ve ylizey morfolojileri,
Taramali Elektron Mikroskobu (SEM) (Zeiss Sigma 300)
ile tim numuneler altin kaplandiktan sonra elde edilmistir.

Atomik Kuvvet Mikroskobu (AFM, Park system
XE15) kullanilarak  yiizeylerin plrizliligi tespit
edilmigtir. Sulandirilmis numuneler temizlenmis mika
yiizeyine damlatilarak havada kurutulmustur.

3 Arastirma Sonuglan ve Tartigma
3.1 XRD Analizi

S, SN10, SN20, SN30 ve SN60’mn kristalinite
Ozellikleri XRD analizi ile arastirilmis ve Sekil 2°de X-1s1n1

kirmim desenleri gosterilmistir. Seliiloz, amorf ve kristal
olmak ftizere iki bolgeden olusan yar1 kristal dogal bir
biyopolimer oldugundan seliiloza ait tipik X-1gin1 kirinim
desenleri amorf bolge i¢in 20 = 15 °’de (101) diizlemi ve
kristal bolge i¢in 26= 22 °’de (002) diizlemi gosterilmistir
[10].

S, SN10, SN20, SN30 ve SN60 i¢in KrI degerleri XRD
diyagramindan faydalanilarak Esitlik 1 yardimiyla
sirastyla  78.5, 83.5, 85.8, 805 ve 79.3 olarak
hesaplanmistir. Kristalinite indeksi asit hidrolizi yapilan
tim numuneler i¢in seliiloza gore artis gostermistir. Fakat
asit hidroliz siiresinin (20 dakikadan sonra) artmasi
kristalinite indeksinde diisiis gdzlenmesine neden
olmustur. asit hidroliz siiresine kadar seliilloza gore
artarken, 20 dakikadan sonra azalmaya baglamigtir. Asit
hidrolizi ile selillozun yapisindaki amorf kismin
(hemiseliiloz ve lignin) uzaklastirilmas:  seliiloz
molekiillerinin yeniden hizalanmasina sebep olur ve bu da
kristalinite artis1 ile sonuglanir [27]. Ancak 20 dakikadan
daha uzun siiren asit hidrolizi proseslerinde kristalinitenin
yeniden diistiigli gozlenmektedir (SN30 ve SN60). Bunun
sebebi ise uzayan asit hidroliz islemlerinin seliilozun
kristal bolgesinde degradasyona sebep olmasidir. En
yiiksek kristalinite degeri 20 dakikalik asit hidrolizi
sonucunda (%85,8) elde edilmistir.

1230
|- SN60 (Krl=79.3%)]

820

410

1320 — SN30 (Krl= 80.5 %) |

g 207 SN20 (Krl= 85.8 %) |

|- SN10 (Krl= 83.5 %) |

1290 M /W\\
430 w MMMMWWMWWMM

930 — S (Krl= 78.5 %)

5 10 15 20 25 30 35 40 45 50
20 (derece)
Sekil 2. S, SN10, SN20, SN30 ve SN 60 i¢gin X-1g1n1 kirinim deseni

3.2 FTIR Analizi

S, SN10, SN20, SN30 ve SN60 igin FTIR spektrumlart
Sekil 3-a’da 4000-500 cm™ ve Sekil 3-b’de 2000-500 cm’?
araligindaki dalga boylari igin gosterilmistir. 3335 cm™
spektrumu OH gerilmesini (selillozun molekiil i¢i hidrojen
baglarina ait), 2900 cm™ spektrumu CH gerilmesini
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gostermektedir. Sekil 2-b’de goriilecegi gibi spektrumlar;
1652 cm™ OH biikiilmesini (adsorplanan su sebebiyle),
1510 cmlignine ait aromatik halkalarla ilgili, 1420 cm™
selillozdaki CH, makaslamasimni, 1370 cm? CH
biikiilmesini, 1335 cm™ OH diizlemindeki egilmeyi, 1315
cm* CH; titresimini, 1259 cm™ CO diizlem dis1 esnemesi
( lignin igindeki aril grubu sebebiyle), 1200 cm™ SO
titresimini (hidroliz islemi sirasinda meydana gelen
esterlesme reaksiyonu sebebiyle), 1158 ¢cm™® CC halka
germe bandi, 1102 cm™ COC glikozit eter bandini, 1052
cm? COC piranoz halka germe titresimini, 898 cm
seliilozik B-glikozit baglarini gosterdigi belirlenmistir [24].
Lignine ait FTIR piklerinin siddetinin ¢ok diisiik oldugu
gozlenmektedir. Bu ortamdan ligninin tam olarak
uzaklastiginin isaretidir ve hazirlanan selilloz ve
nanokristalin  selillozlarin  saf beyaz rengi bunu
desteklemektedir [6].

a)

Absorbans(k. b.)
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Sekil 3. S, SN10, SN20, SN30 ve SN60 igin a) 4000-500 cm™
araligindaki ve b) 2000-500 cm™* arahigindaki FTIR spektrumlari

3.3 Termal Analiz

At kestanesi kabugundan elde edilmis seliiloz ve farkli
proses siirelerinde iiretilmis seliilloz nanokristallerin termal
stabilitesi termal gravimetrik analiz (TGA) yontemiyle
arastirllmistir  (Sekil 4-a). Sekil 4-b’de seliilloz ve
nanokristalin seliilozlar i¢in sicakliga karsi ¢izilmis
diferansiyel termal analiz (DTA) egrileri verilmistir. Biitiin
numunelerdeki kiitle kaybi1 100 °C’ye kadar % 3’iin
altindadir. Bu numunelerin yapisinda bulunan nemin
buharlagarak uzaklastigina isaret etmektedir. Asit
hidrolizinin ardindan elde edilen {iriinler seliiloza gore
olduk¢a  farkli  termal  degradasyon  davranisi

gostermektedirler. Seliilloz i¢in kiitlesel keskin diisiis
yaklagik 228 °C’de baslarken, SN10 igin 254 °C, SN20 i¢in
142 °C, SN30 i¢in 137 °C ve SN60 i¢in 186 °C’ de
baslamaktadir. Ayrica TGA diyagraminda asit hidrolizi ile
elde edilmis seliiloz nanokristalin TGA egrilerinden 354-
433 °C arasinda iki degradasyon prosesinin gerceklestigi
gozlenmektedir. Bu  sonuglar  selilozun  termal
stabilitesinin siilfiirik asit hidrolizi ile hazirlanmis
nanokristalin selilloz trlinlere kiyasla daha yiiksek
oldugunu goéstermektedir [28]. Diisiik sicaklikta ilerleyen
degradasyon prosesi yiiksek oranda siilfatlanmig amorf
bolgelerin  bozunmasma karsilik gelebilirken, yiiksek
sicaklikta yiirliyen kiitlesel degradasyon islemleri siilfatsiz
kristallerin par¢alanmasiyla iliskilendirilebilir. Ayrica asit
stilfat gruplarinin varligi dehidrasyon reaksiyonunun bir
sonucu olarak seliillozun termal stabilitesini diigiiriir [14].
DTA grafiginden faydalanilarak numunelerin iki termal
degradasyon prosesine ait maksimum sicaklik degerleri
Tablo 1°de listelenmistir. Uzun siiren hidroliz
proseslerinde selilloz ve stlftirik asit arasindaki artan
etkilesimler sonucunda olusan siilfat gruplari sebebiyle
stilfatlanmig selillozun bozunma (degradasyon) sicakligi
azalmaktadir [29].

Tablo 1. S, SN10, SN20, SN30 ve SN60 igin DTA egrilerinde elde
edilen bozunma sicakliklari ve TGA grafiklerinden elde edilen 600
°C’deki komiirlesme oranlari

Numune DTA degerleri (°C) Komiirlesme (%)
Siilfatlanms Siilfatlanmarmmg (600 °C’de )
Seliiloz Seliiloz
S - 452 11
SN10 347 459 26
SN20 345 452 20
SN30 342 453 22
SN60 340 457 18
a)
100
80 4
S
~60 1
Q
s
X 10
204
100 200 300 400 500 600
Sicaklik (°C)
b)
o
N
X
L
—S
o —— SN10
'g SN20
S —— SN30Q
SN60

100 200 300 400 500 600
Sicaklik (°C)
Sekil 4. S, SN10, SN20, SN30 ve SN60 i¢in a) TGA b) DTA egrileri
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3.4 Mikroskopla inceleme

Sekil 5-a ve c’de sirastyla Seliiloz ve XRD grafiginden
elde edilen verilere goére en yiiksek kristalinite oranina
sahip olan SN20 icin 2000 bin kez biiylitme oranindaki
SEM goriintiileri verilmistir.

Selillozun fiber ve yogun yapist net bir bicimde
goriilmektedir. Bunun yaninda SN20’ye ait goriintiide
seltilozdan farkli yogun igne yapili bir goriintii mevcuttur.
Bu asit hidrolizi sonucunda artan kristal oranmna isaret
etmektedir.

AFM fotograflar1 Sekil 5-b ve d’de gosterilmistir. Asit
hidrolizi ile seliilozun yapisinda meydana gelen degisiklik
AFM topografyasinda da net olarak goriinmektedir. Yiizey

yapisinin degerlendirilmesi i¢in yiizey pilriizliligi Ra
(aritmetik ortalama piirtizliliik degeri) ve Rms (karekok
ortalama degeri) degerleri 10x10pm? lik tarama alanindan
elde edilmistir. Ortalama olarak seliiloz ve SN20 fiberlerin,
ylizey Rms degerleri sirasiyla 620 ve 132 nm ve Ra
degerleri ise sirastyla 585 ve 111 nm olarak hesaplanmustir.
Elde edilen sonuglardan Rms ve Ra degerlerinin orantili
oldugu gorilmektedir. SN daha diizglin bir yap1
sergilerken seliillozun piiriizliligi daha yiiksektir. AFM
goriintiisii incelendiginde ylizeyde parlak nokta olarak
gozlenen tepecigin olustugu ve bununda yiizeye c¢ikan
polimer zincirlerinden kaynaklandigi disiiniilmektedir
[30].

0 - 250 (nm)

Sekil 5. a) Seliiloz i¢in SEM ve b) seliiloz i¢in AFM, ¢) SN20 i¢in SEM ve d) SN20 i¢in AFM goriintiileri.

4  Sonuglar

Bu ¢alismada organik atiklari degerlendirmek ve
ekonomiye kazandirmak i¢in at kestanesi kabugundan
seliiloz basarili bir sekilde elde edilmistir. At kestanesi
kabugu kullanilarak iiretilen seliillozdan tstiin fiziksel
ozelliklere sahip selilloz nanokristallerin elde edilmesi
stilfiirik asit hidrolizi ile amorf bdlgenin uzaklastirilmasi
veya kismen yok edilmesi ile saglanmistir. Uretilen seliiloz
stlfuirik asit ile 10, 20, 30 ve 60 dakika boyunca hidrolize
tabi tutularak seliiloz nanokristalin (SN) tiretilmistir. Farkli
reaksiyon siirelerinde sonikasyon ile desteklenen asit
hidrolizi isleminin ardindan elde edilen iiriinler karakterize
edilmistir. Asit hidroliz siiresi arttikga FTIR piklerine ait
yogunluk degerleri artmaktadir. Segal yontemine gore
XRD desenlerinden kristalinite indeksleri belirlenmis ve
seliiloza gore en yiiksek kristalinite indeks derecesine 20
dakikalik hidroliz sonucunda {iretilen nanoseliillozun
(SN20) sahip oldugu sonucuna varilmistir. Asit hidrolizi
stiresi arttikga once kristalinite degerleri seliiloza gore artis
gosterirken 20 dakikalik asit hidrolizinden sonra azalmaya
basladig1 belirlenmistir. Selillozun termal stabilitesi asit
hidrolizi ile elde edilmis {irlinlere gore daha yiiksektir.
Selilloz nanokristalin  yiizeyi SEM fotograflarinda

goriildiigii gibi seliiloza gore daha homojen ve diizgiin bir
yapidadir. Bunun yaninda kristal orani degisimine bagh
olarak seliillozun fiber yogun yapisina kiyasla SN20’nin
seliilozdan farkli yogun igne yapili bir goriintii sergiledigi
goriilmektedir.  Ayrica AFM  sonuglar1  seliilozun
piiriizliiliigii (Ra 585 nm) ve seliiloz nanokristaline (111
nm) gore daha yiiksektir. Bu sonuglar asit hidrolizi
sonucunda seliillozda meydana gelen yapisal degisimleri
desteklemektedir. Bu ¢aligma sonucunda asit hidroliz
stiresinin 20 dakikadan fazla olmasmin seliilloz
nanokristalin  kristalinitesini azalttig1 sonucuna
ulagilmaktadir.
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Abstract

Original scientific papers
Today, point coordinates are determined by Global Navigation Satellite System (GNSS). Relative positioning methods are widely preferred
in applications requiring high accuracy. Different satellite configurations are used to obtain raw measurements and process these
measurements with relative positioning methods. While only GPS (G) was used at first, point coordinates have started to be determined
with global satellite systems such as GLONASS (R), Galileo (E) and BelDOU (C) developed by different institutions and organizations
over time. In this study, the effect of Galileo on point positioning and positioning accuracies were investigated. In this context, a geodetic
network consisting of 6 International GNSS Services-Multi-GNSS Experiment (IGS-MGEX) stations was used. The 31-day (01-
31.08.2017) 24-hour RINEX data of the selected stations was processed in the Bernese v5.2 GNSS software with the double differences
method in GPS (G),GPS+GLONASS (G+R) and GPS+GLONASS+Galileo (G+R+E). In the comparison, the coordinates obtained by
shifting the coordinates of ITRF2014 (2010.00 reference epoch) to the measurement epoch with the velocities are taken as true quantity
values. Then, the root square errors (KOH) and positioning accuracies in the directions of the coordinate axes were calculated and compared
with each other statistically. As a result of the comparison, it was determined that the positioning accuracies obtained with the G, G+R and
G+R+E satellite configurations were compatible with each other at the 95% confidence interval.

Anahtar Kelimeler: Bernese, bagi! konum belirleme, Galileo, GNSS, karesel ortalama hata.

GALILEO UYDU SISTEMINiN BAGIL KONUM BELIRLEMEYE KATKISININ ARASTIRILMASI

Ozet
Orijinal bilimsel makale

Giiniimiizde nokta koordinatlar1 Kiiresel Konum Belirleme Sistemi (GNSS) teknigiyle belirlenmektedir. Yiiksek dogruluk gerektiren
uygulamalarda bagil konum belirleme yontemleri yaygin olarak tercih edilmektedir. Bagil konum belirleme yontemleri ile ham dlgiilerin
elde edilmesinde ve bu 6lgiilerin degerlendirilmesinde farkli uydu konfigiirasyonlar1 kullanilmaktadir. Ilk olarak sadece GPS (G) uydulari
kullanilirken, zamanla farklt kurum ve kuruluslar tarafindan gelistirilen GLONASS (R), Galileo (E) ve BeIDOU (C) gibi global uydu
sistemleri ile nokta koordinatlari belirlenmeye baslanmistir. Bu ¢aligmada, Galileo uydu sisteminin nokta koordinat ve konum
dogruluklarina etkisi aragtirilmistir. Bu kapsamda 6 adet Uluslararast GNSS Hizmetleri-Coklu-GNSS Deneyi (IGS-MGEX) istasyonundan
olusan bir jeodezik ag olusturulmustur. Segilen aga iliskin 31 giinliik ( 01-31.08.2017) 24 saat RINEX verileri Bernese v5.2 GNSS
degerlendirme yaziliminda ikili farklar yontemi ile G, G+R ve G+R+E farkli uydu konfigiirasyonunda degerlendirilmistir. Karsilagtirmada
ITRF2014 (2010.00 referans epogu) koordinatlart hiz degerleri ile 61¢ii epoguna kaydirilarak elde edilen koordinatlar gergek degerler olarak
almmustir. Daha sonra koordinat eksenleri yoniindeki karesel ortalama hatalar (KOH) ve konum dogruluklar1 hesaplanarak istatistiksel
olarak birbirleri ile karsilagtirilmigtir. Kargilagtirma sonucunda ise G, G+tR ve G+R+E uydu konfigiirasyonlart ile elde edilen konum
dogruluklarm %95 giiven araliginda birbirleri ile uyusumlu oldugu belirlenmistir.

Keywords: Bernese, Galileo, GNSS, relative point positioning, the root mean square.

1 Girig Devletleri (ABD) Savunma Bakanligi’nca gelistirilmis

uydu tabanli konum belirleme sistemlerinin onciisiidiir[1].

1980’11 yillarin sonlarindan itibaren GNSS teknigi ile
nokta konumlarinin belirlenmesine baglanmistir. ilk olarak
askeri amaglar i¢in ortaya ¢ikan GNSS teknigi gelisen
teknoloji ve ihtiyaglar dogrultusunda sivil kullanicilara
acilmigtir. GNSS teknolojinin ilk uydu sistemi Global
Konumlama Sistemi (GPS)’tir. GPS Amerika Birlesik

* Corresponding author.
E-mail address: sbulbul@ktun.edu.tr (S. Bulbul)

GPS yeryiiziinden yaklasik 20200 km yiikseklik ve ekvator
ile 55° egimle 6 yoriinge diizlemi iizerine yerlestirilmistir.
Her bir uydu sistemi yaklasik olarak 11 saat 58 dakika da
diinya etrafini donmektedir [2]. GPS’e alternatif olarak
Rusya tarafindan GLONASS sistemi gelistirilmis ve 1983
yilinda resmi olarak ilan edilmesine ragmen 1995 yilina 7
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adet uydu ile isler hale gelmistir [3]. GLONASS uydu
sistemi GPS’ten sonra igler hale gelmis ikinci kusak bir
kiiresel uydu konumlandirma sistemidir. GPS ve
GLONASS uydu sistemleri ile aktif olarak konum
belirleme c¢aligmalar1 gergeklestirilirken Avrupa Birligi
kendi sistemini kurma fikrini ortaya atmistir. Bu fikir ilk
olarak 1999 yilinda tasarlanmasina ragmen Galileo uydu
sistemi ¢ok daha uzun yillar sonra faaliyetlerine baglamistir
[4]. Ayrica, 2000 yilindan beri faaliyet gésteren BEIDOU
(COMPASS) sistemi de global anlamda konum
belirlemeye yardimci olmustur. Daha 6nce bahsedilen
sistemlerin aktif olmasiyla beraber GNSS ile ilgili bilimsel
caligmalar farkli bir boyut kazanmis ve global uydu
sisteminin etkileri arastirilmaya baslanmistir. Global
olarak veri saglayan bu sistemlerin diginda NAVIC ve
QZSS gibi bolgesel olarak konum belirlemeye imkan
saglayan konum belirleme sistemleride giliniimiizde
kullanilmaktadir. Tiim bu sistemlerin konum belirlemeye
katsida Coklu-GNSS kavramini ortaya ¢ikartmustir.

MGEX ile beraber kullanicilar, ¢oklu GNSS
¢oziimlerini ayn1 anda gerceklestirebilecektir. Coklu
GNSS sistemleri ayrica kullanicilara konum belirlemede,
yiiksek dereceden iyonosferik modellemede, faz baslangig
belirsizligi, tagiyic fazlar ile bagil konum belirlemede ve
istasyonlarin nihai koordinatlarinin elde edilmesinde
sagladigi fazla veri sayesinde katkilar yapacagi
diisiniilmektedir [5].

Galileo, 2011 ve 2012 yillar1 arasinda dort yoriinge
icin dogrulama uydusunu yoriingeye firlatmistir. Daha
sonra, Agustos 2014’ten Temmuz 2018’¢ kadar 22 adet
tam kapasiteli(FOC) uydusunu yériingeye firlatmistir. Son
olarak 26 Temmuz 2018’de dort adet ek FOC uydusu
yoriingeye firlatilmistir. Gonderilen bu uydularla beraber
2020 yilinin sonunda aktif olarak konum belirleme
caligsmalarina katki saglamaya baglamigtir [6-7]

Galileo uydu sisteminin konum belirleme etkilerini
aragtiran farkli c¢alismalar mevcuttur. Bu ¢alismalar
genellikle Galileo uydu sistemi kullanilarak Hassas Nokta
Konumlama (PPP) teknigi fiizerine gergeklestirmistir.
Literatiirdeki bu ¢alismalara [8-12] den erisilebilir. Ayrica
Gelileo’nun nokta konumlamaya katkisi ile ilgili bir bagka
¢alismada da [13] tarafindan akilli telefonlar kullanilarak
arastirilmistir.

GNSS teknigi ile nokta konumlari belirlenirken
yiiksek dogruluk gerektiren ¢aligmalarda genellikle statik
Olcii yontemi tercih edilmektedir. Statik 6l¢ii yontemi ile
verilerin toplanmasinda uydu konfigiirasyonu, uydu
yiikseklik acist veri kayit araligi vb. bircok degisken
kullanic tarafindan degistirilebilmekte ve istenilen amag
dogrultusunda veriler elde edilmektedir. Elde edilen statik
veriler beklenen dogruluk ve caligmanin amacina bagh
olarak  bilimsel ve ticari GNSS degerlendirme
yazilimlarinda degerlendirilebilmekte ve sonuglar elde
edilmektedir.

Gergeklestirilen bu ¢alismada, 6 adet IGS-MGEX
istasyonundan olusan bir jeodezik agda toplanan veriler
Bernese v5.2 GNSS degerlendirme yazilimi ile
degerlendirilmistir. Degerlendirmeler sadece GPS (G),
GPS+GLONASS (G+R) ve GPS+GLONASS+Galileo
(G+R+E) stratejileri ile degerlendirilmis ve Galileo’nun
nokta konumlamaya katkis1 arastirilmistir.
Degerlendirmede, Uluslararast GNSS Hizmetleri (IGS)
tarafindan  yaymlanan [ITRF2014 (2010.0 referans

epogunda yayinlanan) nokta koordinatlari, 6l¢ii epoguna
kaydirtlmig, bu koordinatlar elde esas alinarak ,6l¢ii
epogunda  hesaplanan  nokta  koordinatlart  ile
kargilagtiritlmistir. Karsilagtirmalar ikili varyans testinden
yararlanilarak sonuclar verilmistir.

2 Bagil Konum Belirleme

Bagil Konum belirleme yontemi en az iki istasyonda,
en az iki GNSS alicisi ile es zamanl olarak toplanan ham
GNSS verileriyardimiyla, istasyonlar arasinda olusturulan
baz  vektorlerinin elde edilmesiyle koordinatlari
belirlenecek  yeni  noktalarinin  ofis  ortaminda
gergeklestirilen  degerlendirme  (post-prosess)  ile
belirlenmesi olarak tanimlanabilir( Sekil 1). Bagil konum
belirleme yontemlerinde ¢ogunlukla tiim frekanslarda kod
ve tastyict faz Olgiilerinin kombinasyonu kullanmaktadir
[14].

3
2 oo 4

AT
1

| ——

\
A AX.dYdZ B

Sekil 1. Statik konum belirleme yontemi [15]

Statik yontem yer kabugu hareketlerinin kestirilmesi,
plaka hareketlerinin belirlenmesi, uzun bazlara sahip
yiksek  duyarhiik  gerektiren  jeodezik  aglarin
¢ozlimlenmesi gibi jeodezik caligmalarda ve bilimsel
caligmalarda tercih edilmektedir [16].

3 Uygulama

Bu caligmada farkli uydu konfigiirasyonlarinin bagil
konum belirmede etkisi ve Galileo uydu sisteminin bagil
konum belirmeye katkisi aragtirilmigtir. Bu amagla 6 adet
IGS-MGEX istasyonundan olusan bir jeodezik ag
olusturulmustur.  Sekil 2°de secilen istasyonlarin
konumlari, Tablo 1°de ise istasyonlara ait genel bilgiler
verilmistir.

ZIM2?,,,¢ZIMM‘,U,_:E .\,NTZR

TLSE GANP

: A
| 1100 km N
Sekil 2. Kullanilan IGS istasyonlari
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Segilen istasyonlara ait 31 giinliik (2017 yilinin 213-
243 giinleri) 24 saatlik RINEX verileri ilgili web
sayfasindan indirilmistir. Her bir giine ait RINEX verileri
Bernese v5.2 GNSS yazilimi kullanilarak ikili farklar

yontemi ile ( RNX2SNX.PCF) GPS (G), GPS+GLONASS
(G+R) ve GPS+GLONASS+Galileo (G+R+E)
kombinasyonunda ¢éziimlenmistir (Sekil 3).

Tablo 1. Secilen istasyonlara ait genel bilgiler

Istasyon Enlem (°) Boylam (°) Yiikseklik (m) Alict Anten

GANP 49.035 20.323 746.00 TRIMBLE NETR8 TRM55971.00 NONE
MATE 40.649 16.704 535.60 LEICA GRX1200GGPRO LEIAT504GG NONE
TLSE 43.561 1.481 207.18 TRIMBLE NETR5 TRM59800.00 NONE
WTZR 49.144 12.879 666.00 LEICA GRX1200GGPRO LEIAR25.R3 LEIT
ZIM2 49.887 7.465 956.50 TRIMBLE NETR5 TRM59800.00 NONE
ZIMM 46.877 7.465 956.40 TRIMBLE NETRS TRM29659.00 NONE

1-Programin gilincellenmesi [«

A4
2- Coziime ait giincellemelerin

yapilmasi

v
3- DATAPOOL’un

Doldurulmasi

A4
4- Coziimlenecek oturumun
olusturulmasi

5- Oturum zamaninin

A

belirlenmesi

A
6- PCF’nin ¢alistirilmasi
RNX2SNX.PCF

Hata mesaj1 var
m1?

CAMPAING52>>0Oturum >>BPE

Hata giinde
mi?

7- Sonuglarin elde edilmesi

Hata veride
mi?

Hata programin
giincellenmesinde mi?

Sekil 3. RNX2SNX.PCF is akig semasi

Gergeklestirilen tim ¢6zlimlerde iyonosferik model
olarak Klobouchar, troposferik model olarak Saastamoinen
kullanilmistir.  Coziimlerde uygulama agisindan farkli
etkilerin oniine gegebilmek amaciyla her seferinde ayni
yaklagimlar  kullanilmistir. Tim ¢oziimlerde uydu
yiikseklik ag1s1 10° ve veri kayit aralig1 ise 30 saniye olarak
alinmustir.

Coziimler gerceklestirildikten sonra karsilastirmalarda
gercek deger olarak 6l¢ii epoguna kaydirilmis ITRF2014
koordinatlar1 ger¢ek deger olarak alinmustir. Kullanilan
istasyonlara ait referans epogu koordinatlar1 ve hizlar
Tablo 2’de verilmistir.
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Tablo 2. Kullanilan istasyonlara ait referans epogu koordinat ve hizlari

Istasyon X (m) Y (m) Z (m) Vy (M) Vy (m) V; (m)
GANP 11515M001 3929181.43121 1455236.81192 4793653.94520 -0.01724 0.01563 0.00874
MATE 12734M008 4641949.46346 1393045.51575 4133287.53870 -0.01846 0.01895 0.01479
TLSE 10003M009 4627851.76384 119640.10821 4372993.60383 -0.01148 0.01933 0.01202
WTZR 14201M010 4075580.46294 931853.88145 4801568.17344 -0.01629 0.01714 0.00986
Z1M2 14001M008 4331299.80372 567537.41105 4633133.77012 -0.01393 0.01810 0.01168
ZIMM 14001M004 4331296.99513 567555.96734 4633133.99316 -0.01393 0.01809 0.01169
Her bir uydu konfigiirasyonu i¢in koordinat farklart; 4 [lexexd
mXu = T
& = Xy — X leyeyl
& =Y, —Y, 1) my, =+ [=— @
&, =2,—Z
V4 u g my, = + [ezez]

esitligi ile hesaplanmugtir. Esitlikte; alt indis u; uydu
konfigiirasyonunu, Xg,Y,;,Z, ise gergek degerleri
gostermektedir. Tablo 3, Tablo-4 ve Tablo-5te maksimum
mutlak hatalar her bir uydu konfiglirasyonu igin
verilmistir. Farklar hesaplandiktan sonra koordinat ekseni

yoniindeki karesel ortalama hatalar(KOH);

n

esitligi ile hesaplanmig ve Tablo 3, Tablo-4 ve Tablo-5te
gosterilmistir. Esitlikte; alt indis u uydu konfigiirasyonunu
gostermektedir.

Tablo 3. X koordinat bileseni i¢in maksimum mutlak farklar ve KOH’lar

Maksimum mutlak hatalar (cm) KOH (cm)
Istasyon G+R G+R+E G G+R G+R+E
GANP 1.82 1.55 1.64 +1.07 +1.03 +1.10
MATE 0.94 0.74 0.85 +0.30 +0.33 +0.39
TLSE 0.82 0.87 1.06 +0.42 +0.47 +0.51
WTZR 0.59 0.64 0.72 +0.26 +0.24 +0.25
ZIM2 0.80 0.65 0.63 +0.32 +0.25 +0.24
ZIMM 0.81 0.67 0.64 +0.36 +0.32 +0.29
Tablo 3 incelendiginde, maksimum mutlak fark 1.82 G+R+E uydu konfigirasyonunda elde edildigi

cm ile GANP istasyonunda sadece G uydusu i¢in elde
edildigi goriilmektedir. KOH’lar incelendiginde ise,
maksimum KOH’un £1.10 c¢cm ile GANP istasyonu

belirlenmistir. Genel olarak Tablo 3 incelendiginde, X
koordinat bileseni igin en iyi KOH’lar G+R uydu
konfigiirasyonunda hesaplanmistir.

Tablo 4. Y koordinat bilegeni i¢in maksimum mutlak farklar ve KOH’lar

Maksimum mutlak hatalar (cm) KOH (cm)

G+R G+R+E G G+R G+R+E
GANP 0.23 0.28 0.24 +0.15 +0.13 +0.12
MATE 2.73 0.53 0.54 +0.63 +0.40 +0.38
TLSE 0.40 0.37 0.41 +0.22 +0.20 +0.22
WTZR 0.31 0.28 0.28 +0.17 +0.16 +0.16
ZIM2 0.32 0.29 0.32 +0.19 +0.17 +0.19
ZIMM 0.49 0.47 0.51 +0.31 +0.31 +0.31

Tablo 4 incelendiginde, maksimum mutlak fark 2.73
cm ile MATE istasyonunda sadece G uydusu igin elde

edildigi

goriilmektedir.

KOH’lar

incelendiginde

ise,

maksimum KOH +0.63 cm ile MATE istasyonunda G

uydu konfigiirasyonunda hesaplanmistir. Genel olarak
Tablo 4 incelendiginde, Y koordinat bileseni i¢in
hesaplanan KOH’larin her 3 uydu konfigiirasyonu i¢inde
benzer oldugu goriilmektedir.
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Tablo 5. Z koordinat bileseni i¢in maksimum mutlak farklar ve KOH’lar (Birim : cm)

Maksimum mutlak hatalar (cm) KOH (cm)

G G+R G+R+E G G+R G+R+E
GANP 1.97 1.75 171 +1.12 +1.13 +1.17
MATE 1.23 1.09 1.26 +0.70 +0.71 +0.80
TLSE 0.66 0.69 0.78 +0.27 +0.31 +0.32
WTZR 0.67 0.78 0.79 +0.32 +0.36 +0.38
ZIM2 0.77 0.62 0.58 +0.23 +0.20 +0.19
ZIMM 1.00 0.88 0.81 +0.43 +0.40 +0.37

Tablo 5 incelendiginde, maksimum mutlak fark 1.97
cm ile GANP istasyonunda sadece G uydusu i¢in elde
edildigi gorilmektedir. KOH’lar incelendiginde ise,
maksimum KOH =+1.17 cm ile GANP istasyonunda
G+R+E uydu konfigiirasyonunda belirlenmistir. Genel
olarak Tablo 5 incelendiginde, Z koordinat bileseni i¢in
hesaplanan KOH’larin G ve G+R uydu konfigiirasyonunda
benzer oldugu, G+R+E uydu konfigiirasyonunda bunlari
takip ettigi belirlenmistir.

Koordinat eksenleri yoniinde hesaplanan KOH’larin
birbirleri ile uyusumlu olup olmadiginin
aragtirllmasinda,normal dagilimdaki iki popiilasyonun
varyanslarinin istatistiksel olarak esit olup olmadigini

Tablo 6. X koordinat

belirlemek i¢in kullanilan F-test’den yararlamilmistir. F-
test’in kullaniminda test degeri;

m
Frest = —%
test m

®)

BN LAY

esitligi ile elde edilmistir. Esitlikte m;, m; koordinat
eksenleri yoniindeki karesel ortalama hatalar1 ifade
etmektedir. Esitligin kullaniminda dikkat edilen en 6nemli
husus biiyiik olan koh’un paya yazilmasidir. Ayrica Fiqpi0
degeri Ff f,1-« = F31,31005 = 1.822 olarak alinmistir.
Her bir koordinat ekseni yoniindeki kargilastirma Tablo 6,
Tablo-7 ve Tablo-8’de verilmistir.

t bilegeni icin F-test degerleri

Istasyon Gile G+R Gile G+R+E G+R ile G+R+E
GANP 1.074 1.054 1.133
MATE 1.203 1.605 1.334
TLSE 1.251 1.461 1.168
WTZR 1.173 1.092 1.074
ZIM2 1.648 1.834* 1.113
ZIMM 1.245 1.521 1.221

* anlamli farklar

Tablo 6 incelendiginde, sadece ZIM?2 istasyonunda G
ile G+tR+E uydu konfigiirasyonlar1 arasinda anlamli bir
fark oldugu diger tim istasyonlar ve uydu

konfigilirasyonlarinin  birbirleri ile uyusumlu oldugu
goriilmektedir.

Tablo 7. Y koordinat bilegeni i¢in F-test degerleri

Istasyon Gile G+R Gile G+R+E G+R ile G+R+E
GANP 1.193 1.582 1.326
MATE 2.504* 2.702* 1.079
TLSE 1.110 1.012 1.123
WTZR 1.149 1.130 1.016
ZIM2 1.212 1.033 1.173
ZIMM 1.004 1.034 1.038

* anlaml farklar

Tablo 7 incelendiginde, MATE istasyonu i¢in G ile
G+R ve G ile G+tR+E uydu konfigiirasyonlar1 arasinda
anlamli bir fark oldugu diger tiim istasyonlar ve uydu
konfigiirasyonlariin  birbirleri ile uyusumlu oldugu
gorilmektedir.

Tablo 8 incelendiginde, tim istasyonlar ve uydu
konfigiirasyonlarinin  birbirleri ile uyusumlu oldugu
goriilmektedir.

Her {i¢ uydu konfigiirasyonu igin konum dogruluklari;

my, =+ \/ mg +my +mj; (4)
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esitligi ile hesaplanmustir. Esitlikte alt indis u sirastyla G,
G+R, G+R+E uydu konfigiirasyonlarini, my, my, m, ise
sirastyla X, Y ve Z koordinat bilesenleri yoniinde elde

edilen KOH’lar1 gostermektedir. Elde edilen konum
dogruluklar Sekil 4’ de gdsterilmistir.

Tablo 8. Z koordinat bilegeni i¢in F-test degerleri

Istasyon Gile G+R G ile G+R+E G+R ile G+R+E
GANP 1.016 1.090 1.073
MATE 1.006 1.294 1.287
TLSE 1.395 1.434 1.028
WTZR 1.273 1.419 1.115
ZIM2 1.284 1.468 1.143
ZIMM 1.186 1.401 1.181

* anlamli farklar

esitligi ile hesaplanmistir. Esitlikte alt indis u sirasiyla G,
G+R, G+R+E uydu konfigiirasyonlarini, my, my, m, ise
sirastyla X, Y ve Z koordinat bilesenleri yoniinde elde

edilen KOH’larnn gostermektedir. Elde edilen konum
dogruluklar: Sekil 4’ de gosterilmistir

2,00
o 150
s
()
£ 1,00
=
C
o
“ 0,50 I
0,00
GANP MATE TLSE
HG G+R

WTZR ZIM2 ZIMM

G+R+E

Sekil 4. Her bir istasyona ait konum dogruluklart

Sekil 2 incelendiginde, her bir istasyon i¢in hesaplanan
konum dogruluklar: goriilmektedir. Hesaplanan konum
dogruluklarina gore en iyi konum dogrulugu genellikle
G+R uydu konfigilirasyonunda hesaplandigi belirlenmistir.

Karsilastirma sonuglar: Tablo 9°da verilmistir.

Her uydu konfigiirasyonu ve istasyonlar igin elde
edilen konum dogruluklar1 da F-test ile karsilastirilmistir.
Karsilastirmada esitlik (2)’den yararlanilmigtir. Tablo
degeride Fy, £, 1-« = F3131,005s = 1.822 olarak alinmistir.

Tablo 9. Her bir uydu konfigiirasyonu ve istasyon i¢in konum dogruluklarinin kargilastirilmasi

Istasyon Gile G+R Gile G+R+E G+R ile G+R+E
GANP 1.027 1.069 1.098
MATE 1.283 1.053 1.219
TLSE 1.230 1.384 1.125
WTZR 1.073 1.172 1.092
ZIM2 1.438 1.506 1.048
ZIMM 1.151 1.322 1.149

* anlaml farklar

Tablo 9 incelendiginde, tiim uydu konfigiirasyonu ve
istasyonlar i¢in hesaplanan konum dogruluklarinin
birbirleri ile uyusumlu oldugu ve birbirlerinin yerine
kullanilabilecegi goriilmektedir.

Tiim bu karsilagtirmadan sonra GNSS ile hesaplanan
konum dogruluklarimi etkileyen jeomagnetik aktivite
degerleri de incelenmis ve segilen giinlerde herhangi bir
aktivitenin olup olmadigi da aragtirtlmistir. Segilen giinlere
iliskin jeomanyetik aktivite indisleri

https://omniweb.gsfc.nasa.gov/form/dx1.html web
sayfasindan indirilmis ve Sekil 5’te gosterilmistir. Sekil
5incelendiginde, Kp indeksinin maksimum 5+ seviyelerine
c¢iktig1, Dst indeksinin en diisiik -50 nT seviyesine indigi
ve F10.7 indeksinin ise 70 sfu ile 93.6 sfu arasinda degistigi
goriilmektedir. Bu degerlere gore segilen giinlerde
herhangi bir 6nemli jeomanyetik aktivitenin meydana
gelmedigi, yani GNSS olgiilerini sadece segilen uydu
konfigiirasyonlarinin etkiledigi diisliniilmektedir.
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Sekil 5. Segilen giinlere iliskin jeomagnetik aktivite degerleri

4  Sonuglar

Bu calismada yapilan degerlendirmeler sonucunda,
gergek degerler ve farkli uydu konfigilirasyonlarina ait
maksimum mutlak farklar1 iceren Tablo 3, Tablo-4 ve
Tablo-5incelendiginde, maksimum mutlak farklarin her
ii¢ koordinat bileseni icinde sadece GPS (G) uydu
konfigiirasyonunda elde edildigi goriilmektedir. Bu
durumda maksimum koordinat farklarin iyilesmesinde
GLONASS (R) ve Galileo (E) uydu konfigiirasyonunun
katkist ortaya ¢iktigi goriilmektedir. Ancak KOH’lar
incelendiginde ise, her {i¢ uydu konfigiirasyonunun igeren
GPS+GLONASS+Galileo (G+R+E) uydu konfigiirasyon
icin her zaman en iyi KOH’larin elde edilemedigi
goriilmektedir. Bu durumda, Galileo (E) uydu

konfigiirasyonun her zaman KOH’lar1 iyilestirmedigini
ortaya koymaktadir.

Koordinat eksenleri yoniinde hesaplanan KOH’larin
istatistiksel olarak karsilastirilmasinda ise genellikle her
ii¢ koordinat ekseni ve her ti¢ uydu konfigiirasyonu i¢in
hesalanan KOH’larin birbirleri ile uyusumlu oldugu
sonucuna vartlmistir.

Her bir uydu konfigiirasyonu ve her bir nokta igin
hesaplanan konum dogruluklarinin incelenmesinde ise
farkli  uydu  konfigiirasyonlarmin  ise = konum
dogruluklarini ¢cok fazla etkilemedi goriilmektedir.

Tim bu analizlerden sonra, GNSS 0l¢ii sonuglarini
olumsuz olarak etkileyen jeomanyetik aktivite degerleri
de incelenmistir. Sekil 5 incelendiginde ¢alisma
giinlerinde nokta koordinatlarini  olumsuz olarak
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etkileyebilecek herhangi bir 6nemli bir jeomanyetik
aktiviteye rastlanmadigi goriilmektedir. Bu durumda elde
edilen nokta koordinat ve konum dogruluklarini sadece
secilen uydu konfigiirasyonunun etkiledigini
gostermektedir.

Yapilan calismanin sonucunda ise, uzun Ol¢i
stiresinde ( 24 saat) farkli uydu konfigiirasyonlariin
konum dogruluklar1 iizerinde Onemli derecede bir
etkisinin olmadig1 goriilmektedir. Bu dngorii Tablo 8°de
gerceklestirilen  istatiksel karsilagtirma ile ortaya
konulmustur. Yine bu ¢alismanin sonucu olarak, GPS (G),
GPS+GLONASS (G+R) ve GPS+GLONASS+Galileo
(G+R+E) uydu konfigiirasyonu ile elde edilen konum
dogruluklar birbirleri ile uyusumlu, aralarindaki farklarin
ise rastlantisal oldugu soylenebilir. Tim bunlar
neticesinde, Gergeklestirilen bu ¢alismamin sonucunda,

GPS (G), GPS+GLONASS (G+R) ve
GPS+GLONASS+Galileo (G+R+E) uydu
konfigiirasyonlarinin birbirlerinin yerlerine

kullanilabilecegi sonucuna varilmistir.
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Abstract

Original scientific paper
The process of obtaining meaningful and interpretable information about the object by detecting and tracking moving objects in videos
obtained by cameras can be defined as video analysis. The analysis of highway traffic flow videos can be expressed as a detection and
warning system of the behavior (anomaly) of moving objects (vehicle and pedestrian) outside the rules determined for the road followed.
In this study, the anomaly behaviors of moving objects in highway traffic flow videos have been determined and the data has been classified
by machine learning methods. The study consists of three stages. In the first stage, Gaussian Mixing Model, one of the background /
foreground segmentation methods, and Kalman Filter-Macar Algorithm methods have been used to track the object on video. In the second
step, location, time, velocity and shape data have been obtained by using the coordinate information of the detected object. With the unique
algorithm-based feature extraction software, a table of properties including anomaly conditions for objects has been created. In the last
stage, the data in the feature table; Classification of the Extreme Learning Machine method has been made with the Differential Evolution
Algorithm - Extreme Learning Machine method developed by optimizing the number of neurons in the hidden layer and activation
functions with the Differential Evolution Algorithm. The results obtained with the developed method have been compared with the results
of other machine learning methods (Naive Bayes, Support Vector Machine and Artificial Neural Network) and the performance was the
highest with 100%.

Keywords: Intelligent traffic monitoring system, anomaly detection, differential evolution algorithm, optimization, extreme learning
machine, classification.

TRAFIK VIDEO ANALIZ VERILERINDEN ANOMALI TESPIT VE DIFERANSIYEL GELISIM
ALGORITMASI UG OGRENME MAKINESI ILE SINIFLANDIRMA

Ozet
Orijinal bilimsel makale

Kameralar ile elde edilen videolarda hareketli nesne tespit ve takibi ile nesne hakkinda anlamli ve yorumlanabilir bilgi elde edilmesi siireci,
video analizi olarak tanimlanabilir. Karayolu trafik akis videolarinin analizi ise hareket eden nesnelerin (tasit ve yaya) izlenen yol i¢in
belirlenen kurallar diginda davranis sergilemeleri (anomali) durumunun tespit ve uyari sistemi olarak ifade edilebilir. Bu c¢aligmada
karayolu trafik akis videolarinda hareket eden nesnelerin anomali davraniglarini tespit ederek verileri makine 6grenmesi yontemleri ile
smiflandirmast yapilmistir. Calisma li¢ asamadan olusmaktadir. Birinci agsamada hareketli nesnenin tespiti i¢in arka/dn plan boliitleme
yontemlerinden Gauss Karisim Modeli ve nesnenin videoda takibi yapilabilmesi i¢in Kalman Filtre-Macar Algoritmast yontemleri
kullanilmustir. Tkinci agamada tespit edilen nesneye ait koordinat bilgilerini kullanarak konum, siire, iz ve sekil verileri elde edilmistir.
Hazirlanan ozgiin algoritmaya dayali 6zellik ¢ikarma yazilim ile nesneler igin anomali durumlarimi igeren 6zellikler tablosu
olusturulmustur. Son asamada ise dzellik tablosundaki veriler; Ug Ogrenme Makine ydnteminin, gizli katmandaki ndron sayilari ve
aktivasyon fonksiyonlar1 Diferansiyel Gelisim Algoritmast ile optimize edilerek gelistirilen Diferansiyel Gelisim Algoritmasi- Ug Ogrenme
Makine yontemi ile siniflandirma yapilmistir. Gelistirilen yontem ile elde edilen sonuclar diger makine 6grenme yontem (Naive Bayes,
Destek Vektor Makinesi ve Yapay Sinir Ag1) sonuglari ile karsilastirilmis ve bagsarim %100 ile en yiiksek ¢ikmustir.

Anahtar Kelimeler: Akll trafik izleme sistemi, anomali durum tespit, diferansiyel gelisim algoritmast optimizasyon, u¢ O0grenme
makinesi, siniflandirma.
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1 Girig

Askeri ve yerlesim yeri giivenligi, kisi ya da arag
hareketlerini siirekli izleme ve raporlama Onceden
tanimlanmis olaylarin tespiti gibi uygulamalarin insan
gozlem tabanli sistemler ile yapilmasmin cesitli
dezavantajlar1 vardir. Giiniimiizde bu islem, ¢ogunlukla
birka¢ ekran karsisinda oturan giivenlik personeli ile
yapilmaya c¢alisgitlmaktadir. Kapali devre izleme
merkezlerinde yapilan testlerde; iki veya daha fazla
monitoriin, 12 dakika siirekli dongii halinde izlenmesi
durumunda  gilivenlik  personelinin  ekranda olan
aktivitelerin %45’ ini kacirdigi, 22 dakika sonra ise
aktivite tespit basarimimin sadece %5 ile sinirli oldugu
Ol¢tilmiistiir. Bu baglamda insan goziiyle video izleme
icerigi hakkinda karar vermenin imkéansiz oldugu
sistemleri bilgisayar ile otomatik duruma getirmek
teknolojik  olarak  bir gerekliliktir.  Zira  askeri
uygulamalar, kent giivenligi, trafik akis diizenleme, tibbi
goriintiilerin yorumlanmasi ve robotik vb. gibi bir¢ok
uygulama alaninda otomatik c¢alisan akilli video analizi
sistemlerine ihtiya¢ duyulmaktadir. Ciinkii otomatik
sistemler ile ardistk imge  dizileri  iizerinde
degerlendirmelerin yapilmas1 gorsel degerlendirmede
insan faktorlii hata paymni azaltmakta, bunun yerine
bilgisayar  kontroliinii ve  verinin  dogrulugunu
artirmaktadir [1]. Akilli video gézetim sistemlerinde
nesne tespit onemli bir gorevdir. Bu islem videoda
hareketli nesnenin sekil bilgilerini igerir [2]. Nesne izleme
ardistk video karelerinde hareketli nesneleri bulma
stirecidir. Hareket analizi algoritmalari genel olarak
hareketin ~ varliginin  tespiti, hareketli  nesnenin
yoriingesinin tahmini ile izlenmesi ve son olarak da
hareketin tamimlanmasi1 kisimlarindan olusmaktadir.
Analizin basarisini belirleyen en énemli faktor, ilk kisim
olan hareketin varliginin tespitidir. Bu asamanin dogru ve
etkili bir gsekilde yapilmasi, sonraki agamalarin verimini
dogrudan etkilemektedir. Gergek zamanli videolarda
nesne izleme zorlu bir siire¢ olup bilgisayarli gérme
konusudur. Hareketli nesne takibindeki zorluklar
nesneden nesneye hareket, hareketli arka plan ve
kameranin  hareketi olarak gdsterilebilir. Izleme,
genellikle her video karesinde nesnenin sekil veya konum
bilgisine ihtiya¢ duyan yiiksek seviyeli uygulamalar ile
gerceklestirilen bir islemdir [3-5]. Genel bir yaklagim ile
giicli bir arka plan ¢ikarma ydnteminin basarimini
etkileyen birka¢ o6lgiit vardir. Ilk olarak, aydinlatma
degisikliklerine karst1 dayamkli olmahdir. Ikincisi,
duragan olmayan arka plan, sallanan yapraklar, yagmur ve
kar gibi hareket belirten zorlu ortam ve doga olaylarina
kars1 arka planin giincellenmesi ile efektif olmalidir. Son
olarak tespit edilmesi gereken nesnelerin degisimlerine
aninda tepki verebilmelidir [6, 7]. Video gdzetim sistemi
zaman, islemci ve bellek kullanimi gibi dlgiitler agisindan
da basit olmalidir. Dolayisiyla bdyle sistemlerin gomiilii
islemciler iizerinde gergeklestirilmeleri hizli islem
yapabilmesi acisindan 6nemlidir. Otomatik calisabilecek
bir video gozetim sisteminde problem sadece yukarida
anlatildigr gibi hareketli nesne tespit ve takip yontemleri
ile ilgili degildir. Tespit ve takibin yaninda nesnelere ait
biliylik miktarlardaki verinin kullanilarak nesnenin
ozelliklerine gore smiflandirilmast ve su anki veya
geemisteki verileri kullanarak simdi veya gelecek igin

tahminlerde bulunmak da ayr1 bir problemdir. C6ziim i¢in
makine ogrenmesi yontemleri kullanilabilir. Makine
Ogrenmesi verilen bir problemi, probleme ait veriye gore
modelleyen bilgisayar algoritmalarmin genel adidir.
Onerilmis birgok yaklasim ve algoritma mevcuttur. Bu
yaklagimlarin bir kismi siiflandirma bir kismui da tahmin
ve Kkestirim yapabilme yetenegine sahiptir [8]. Bu
makalenin organizasyonu su sekildedir: Boliim 2'de,
Trafik Videolarmin Analizinin Onemi ve Anomali
Kavrami hakkinda bilgi verilmistir. B6liim 3'te, calismada
kullanilan Materyal ve Metot tanitilmaktadir. Boliim 4'te
deneysel sonuglar verilmistir. Son olarak, Bolim 5'te
Tartisma ve Oneriler verilmistir.

2 Trafik Videolarinin Analizinin Onemi ve Anomali
Kavrami

Insan gdzetlemesine dayali klasik video izleme
yontemleri ile sehirlerarasi ve kent i¢i karayolu trafik
gozetim sistemleri anlik degerlendirme, siirekli bilgi
giincellemesi, yiiksek miktarda veri ve manuel uyar1 gibi
nedenlerden dolayi yetersiz kalmaktadir [9, 10]. Giiniimiiz
teknolojisinde otomatik ¢alisan sistemler ile trafik video
goriintiilerinden anlamli ve yorumlanabilir veriler elde
etme yetenegi; gelisen donanim yapist ve yazilim
sistemleri ile daha kolay ve efektif bir seviyeye ulasmigtir
[9, 11]. Bu gelisim ile sehirlerarasi ve kent i¢i karayolu
trafiginde, gozetlemenin klasik teknikler yerine ileri
teknolojili gbzetleme sistemleri kullanilmaya
baglanmustir. Bu ileri teknolojik tekniklerin 6nemli bir
bolimii yapay zekd yontemleri ile c¢alisan otomatik
sistemlerden olusturulmustur. Karayolu trafik akis
gozetim goriintiilerinin analizi; cesitli goriintiileme ve
kayit aygit donanimlarindan aktarilan video akislarindaki
hareketli nesne tespit ve takibi ile kural dist davranis
olarak nitelendirilen anomalinin siniflandirilmas: ve
gelecek durum tahmini olarak tanimlanabilir. Trafik
akiginin otomatik izlenebilmesini saglayan donanim ve
yazilimdan olusan sistemler bize degerlendirilebilir ve
yorumlanabilir bilgiler sunmaktadir. Bu bilgiler ile trafik
akiginin giivenliginin saglanmast hedeflenmektedir. Bu
bilgilerin bilgisayar destekli otomatik sistemler tarafindan
yapilmasi degerlendirmede insan faktorli hata payim
azaltip bilgisayar kontroliinii ve verinin dogrulugunu
artirmaktadir. Otomatik c¢alisan sistemler giivenlik
amacityla gozetlenen karayolu trafiginde basarimi yiiksek
uyar1 sistemlerini sunmaktadir. Trafik videolarnda
anomali tespiti incelenen verilerde izlenen yol igin
belirlenen kurallara uymayan veya aykir1 davranan
nesneleri tespit olarak tanimlanabilir. Bu tanima gore
anomali literatiirde "olagandis1", "anormal”, "aykir1",
"uyumsuz", "istisna" veya "tuhaf" gibi kelimeler ile ifade
edilebilmektedir. Anomali durumunun tespiti igin
videonun analiz verilerinden ¢ikarimlar yapilarak ilgili
anomali durum degerlendirmesi yapilir. Bu degerlendirme
izlenen bir trafik akis videosunda yol seridinde ters
giden(hareket yonil), yol igin belirlenen hiz limitini(hiz
asan) asan veya yolda konumu duragan olan araglarin
davraniglart anomaliye 6rnek gosterilebilir [12-18].

Bu calismanin temel amaci, karayolu trafik akis
videolarinda  hareket eden nesnelerin  anomali
davranislarini(arag anomalileri hareket yont,
yerdegistirme, konum ve hiz) tespit ederek verileri
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makine 6grenmesi yontemleri ile siniflandirma yapmaktir.
Bu amag dogrultusunda trafik video analizi i¢in otomatik
caligan sistem problemlerine etkili ve kullanilabilir
¢Oziimler sunabilmektir. Bu temel amag¢ ile asagida
belirtilen 6zel ve somut amaglara ulagilmistir.

Bu calismanin o6zellikleri ve yenilikleri asagida
verilmistir.
1.Hareketli nesne tespitindeki zorlu ortam kosullarindan
(vagmur, kar, sis disiik 151k vb.) en az etkilenecek en
uygun ve efektif yontemin gelistirilmesini saglamaktir.
2.Hareketli nesnelerin takibi esnasinda karsilagilan en
onemli zorluklardan olan ¢oklu nesne izleme
problemlerine karst kullanilacak en uygun ve efektif
yontemin gelistirilmesini saglamaktir.
3.Video analizi ile tespit ve takibi yapilan hareketli
nesnelerin  gerekli giris ve ¢ikis deger wverileri
olusturulduktan sonra bu verilere gore siniflandirilmasi ile
gelecekteki durum tahminleri i¢in U¢ Ogrenme Makinesi
(UOM) smiflandirma yéntemini kullanarak basarimlarini
ortaya koymaktir.
4.U¢ Ogrenme Makinesi yonteminin aktivasyon
fonksiyonu ve gizli katmandaki hiicre sayilarini
Diferansiyel Gelisim Algoritmasi (DGA) optimizasyon
teknigi ile en uygun parametrelerin segilerek UOM
yonteminin daha iyi sonug verebilmesini saglamaktir.

3 Materyal ve Metot

Bu ¢aligmada incelenen probleme iligkin dnerilen ii¢
asamali yontemde kullanilan materyaller bu bdliimde
incelenmistir. Bu asamalardan birincisinde video
analizinde arka/6n plan bdlitleme ve nesne yoriinge
tahmin-atama yontemleri; ikincisinde analiz verilerinden
anomali tespiti i¢in 6zellik ¢ikarma; ii¢lincii asamada ise
anomali simiflandirma i¢in UOM yéntemi anlatilmustir.
Asagida Sekil 1’de oOnerilen yonteme iliskin blok
diyagram verilmistir.

Kamera : - - UGMile
Video Analizi }—-’ Ozellik Cikanim }—»{ Sinflandirma

Sekil 1. Onerilen yontemin blok diyagrami

3.1 Video Analizi

Video; imgelerin saniyede 30 adet olacak sekilde arka
arkaya sunulmasi ile insan goziinde bu imgelerdeki
nesnelerin hareketliymis izlenimi yaratmasi mantigina
dayanan ardigtk imge dizisi olarak tanimlanir [20-22].
Video analizi ise gorlintiileme donanimlari ile elde edilen
verilerin ¢esitli goriintii isleme teknikleri kullanarak
anlamli ve yorumlanabilir bilgi elde edilmesi olarak
tanmimlanabilir [20, 22]. Video analizindeki amag
goriintiiler izerindeki degerlendirmelerde bilgisayar
kontroliinii ve verinin dogrulugunu artirarak insan
faktorlii hata paymi azaltmaktir. Bu amagla goriintiilerde
hareketli nesnelerin tespit ve takip edilmesi video analizi
baslig1 altinda incelenmesi gereken iki konudur. Hareket
tespiti ve analizi konusunda yapilmig ¢ok sayida farkli
uygulamalar vardir. Hassas giivenlikli ortamlardaki
hareketli  nesne aktivitelerinin  otomatik  olarak
yorumlanabilmesi, nesne algilama ve takip etme
yetenegine sahip gérmeye dayali, saglam ve giivenilir bir

sistematigin ~ kurulmasiyla  saglanabilir. ~ Dinamik
goriintiiler ses, olay, yer ve zaman bilesenleri ile tiimlesik
bir veriyi temsil etmektedir. Bu genis i¢erigin analizinden
elde edilecek sonuglarin ¢esitliligi sayisal imge islemeye
verilen Onem ve gosterilen ilgiyi giin gectikce
arttirmaktadir [3, 20-23].

Videoda analiz hareketin tespitiyle baslar. Hareketli
nesne tespiti, nesneye ait bdlgenin imgedeki diger
(hareketsiz) bolgelerden ayristirilmasi prensibine dayanir
[3, 22]. Hareket verilerine dogru ulasabilmek ise
goriintiideki  ilgilenilen nesnenin sekil ve konum
bilgilerinin  en az hatayla tespit edilmesini
gerektirmektedir. Goriintiide aranan nesnenin dogru ve
hatasiz bulunmas1 ya da cisim hareketinin hassas tespit
edilmesi, cismin ger¢cek seklini de ortaya cikarmaya
yoneliktir.

Tekli Gaussian modeli dig mekan sahneleri igin iyi bir
model olmadigindan, arka plan ¢ikarma icin [24] ve [25]
tarafindan Onerilip gelistirilen yontem piksel renginin
belli bir renk uzayindaki agirlikli Gauss dagilimlarinin
agirlikli toplamu ile ifade edilir. Modelde piksel yogunluk
fonksiyonun kendisi genel olarak Gauss olasilik
fonksiyonlarmin  dogrusal  bir  birlesimi  olarak
degerlendirilebilir. Bu model, ayn1 smifa ait verilerin
normal dagilima uygun bir sekilde sinif merkezi etrafinda
dagildigim 6ngériir. Onceden belirlenen simf sayisi igin,
orneklerin en az olasilik dagilim fonksiyonu toplandigi
smif merkezlerini ve bu merkezlere ait 6rneklerin standart
sapmalarini bulur. Bir pikselin arka plana ya da 6n plana
ait oldugunu belirleyebilmek i¢in olasilik dagilim
fonksiyonunun ilgili pikseli izleyip izlemedigine bakilir.
Eger pikselin degeri arka plan bileseninin standart
sapmasinin dlgekleme faktoriiyle ¢arpimindan kiigiik veya
esitse bu piksel arka plan bileseni; diger durumda ise 6n
plan bilegsenidir. Yontemi olugturan matematiksel
bilesenler soyledir. P(j) j . smifin dagilimdaki agirligs,
baska bir deyisle bu siniftaki elemanlarin olasiligin
gosterirken K sinif igcin Denklem 1°deki baginti elde edilir.

Y PG) =1 )

X elemanmin j. smifa ait olma olasiligina P(x|j)
denilirse, bu olasiligin Gauss dagilimi Denklem 2’deki
gibi olur.

_&x-w?

Pxl)) = ——e > @)

(ZTI)G]-Z

Bu esitlikte, x smiflandirilacak veri, j aidiyetine
bakilan smif, p s6z konusu sinifin ortalamasi ve o ise s6z
konusu smifin varyansint gostermektedir. Bu durumda
smiflandirilmak istenilen bir x parcaciginin j simifina
hangi oranda ait olabilecegi Denklem 3’teki gibi
bulunabilir.

o _ _PXHPG
P(Xll) = % P(X|j’)P(j/) (3)

O halde biitlin x parcacilarinin s6z konusu siniflara ait
olma ihtimali biitiin x’ler i¢in Denklem 3’teki olasiliklarin
toplamidir. Bu olasilifi en yiiksek yapacak sif
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ortalamalarinin ~ ve  varyanslarinin  ne  olacagi
bulundugunda siniflama iglemi yapilmis olur.

O halde biitiin x par¢acilarinin s6z konusu siniflara ait
olma ihtimali biitiin x’ler i¢in Denklem 3’teki olasiliklarin
toplamidir. Bu olasiligit en yiiksek yapacak smif
ortalamalarinin ~ ve  varyanslarmin  ne  olacagi
bulundugunda siniflama iglemi yapilmis olur.

Hareketli nesne takibi gorsel gozetim sistemlerinde
tespit edilen nesnelerin izlenmesidir. Her izleme yontemi,
nesne videoda ilk goriindiigii andan itibaren bir tespit
mekanizmasi gerektirir. Bu bdliimde amag hareket eden
nesnenin videonun her karesinde yer, yon, hiz ve yolunu
belirleyerek zamansal olarak degisen yoriingesini
olusturmaktir. Nesneyi tespit etme ve g¢ergeveler
arasindaki nesne ornekleri arasinda ilgi kurma gorevleri
ya ayr1 ya da ortak olarak gerceklestirilebilir. Cerceveler
arast kurulan iligki ile onceki c¢erg¢evelerden elde edilen
nesne konumu ve bolge bilgilerini bir sonraki ¢erceveye
tahmin edilerek aktarilir ve bu durum iteratif olarak
giincellenir.

Kalman Filtreleme tahmin teorisinde popiiler bir
yaklagimdir. Yontem temelde Saklt Markov modeline
dayanmaktadir. Kalman Filtresi karmagik bir hatanin
ortalamasini en aza indirgeyecek sekilde bir siirecin
durumunu tahmin etmek i¢in yinelemeli bir dizi
matematik denklemidir. Kalman Filtresi ge¢mis, simdiki
ve hatta gelecekteki durumlarin tahminlerini destekler ve
modellenen sistemin dogasi bilinmediginde bile tahmin
yapabilen gii¢li bir yontemdir. Kalman Filtresinin
yinelemeli bir tahmin aracidir. Bu durum soyle
aciklanabilir, 6nceki adimda tahmin edilen durum ile o
anki durumun Ol¢limii bir sonraki durumun tahminin
yapilabilmesi i¢in yeterli olmasidir. Zaman giincellemesi
(tahmin) mevcut durumu ilerletmekte ve bir sonraki
adimda kullanilmak iizere 6n durum tahminini elde etmek
igin  hata kovaryansini  giincellemektedir.  Olgiim
giincellemesi (diizeltme) ise geri bildirim yapmaktadir
[3,4, 18, 21, 26]. Hareketli nesnenin algilanmasindan
sonra, Kalman Filtre nokta tabanli izleyici olarak
kullanilir. Hareketli nesnenin merkez konumu, tahmin
edilecek temel nokta olarak kullanilir. Kalman Filtresinin
durum vektorii X, y konumlart ve birim zaman araligt
basina x, y yonlerinde yer degistirmeler olarak tanimlanir.
Kalman Filtreleme algoritmasi dl¢iim hatalarina dayali
olarak durum vektoriinii tahmin eder. A gecis matrisidir
ve w tahmin hatas1 vektoriidiir. Durum vektori ve
Olciimler arasinda dogrusal bir iliski oldugunu
varsaylyoruz.

Xie = (X Ye Vx Vy) 4)

X = AXy—1 + 01 5)

1 010
1o 1 0 1
A=10 0 1 0

0 0 0 1
ZszXk‘l'vk (6)
/1 0 0 0
H_[0100]

burada H, gozlem matrisidir ve v, dlglim hatasidir. Gegis
ve gozlem matrisinin bu degerlerini kullanarak, Denklem
4,5,6’da verilen zaman giincelleme ve 6l¢giim giincelleme
denklemleri bir sonraki nesne durumu tahminini verir [23,
27].

3.2 Ozellik Gikarma

Ozellik ¢ikarma video analizinin en 6nemli asamasi
olup, dogru ve basarimi yiiksek siniflandirma yapabilmek
icin ilk adimdir. Analiz edilen videodan &zellik
¢ikarmanin li¢ ana amaci; smiflama siiresini azaltarak
smiflandiricinin basarimim artirmak, degerlendirilecek
bilgi miktarini en aza indirmek ve sistemin giivenirliligini
saglamaktir. Birinci agamanin tamamlanmasi sonucu elde
edilen koordinat ve pencere biylikliigiiniin sayisal
degerleri kullanilarak olusturulan 6zellik tablosu ile
anomali durumlar1 siiflandirma asamasinda o6zellik
vektor olarak kullanmilmistir. Bu c¢alismada araglarin
anomali durumlarina gére 6znitelikler belirlenmistir. Bu
Oznitelikler araglarin hareket yonii, yer degistirme, konum
ve hiz bilgilerinden olugmaktadir. Video analiz sirasinda
elde edilen degerler izlenen yolun Sekil 2.’de ki gibi bir
koordinat diizlemi olarak ele alindiginda gegerlidir.

>

RN

ks

)

@D o
D s

Sekil 2. izlenen yolun koordinat sistemi temsili gésterimi

Tablo 1’de video analizi ile elde edilen verilerden her
nesneye ait karayolundaki hareketine iligskin ¢ikarilan
ozellikler verilmigtir. Olusturdugumuz veri tabanindaki
bir video setinde yapilan analiz sonucu tespit edilen
nesnelerin anomali durumu etiketlemesi Tablo 2’de
gosterilmistir. Bu etiketleme Tablo 3’te verilen kurala
gore olusturulmustur.

Tablo 1. Nesne 6zellik ¢ikarma tablosu

Video analizi ile elde edilen veriler

Nesne hareket ozelligi

Son koordinat degeri (skd) - ilk koordinat degeri (ikd)

Hareket Yonii (hy) enlem boylam

Anlik koordinat degeri (akd)

Konum (k) enlem boylam

( Son koordinat degeri (skd) - ilk koordinat degeri (ikd) ) / Zaman-(gerceve sayisi) (Z) Hiz (h) kilometre saat

Toplam piksel alani(tpa)

Sekil /arag sinifi (s)
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Tablo 2. Tespit edilen anomali durum tablosu

Nesne ID Nesne Tiirii * Hareket yonii Yer degistirme Konum Hiz
14 1 ileri Pozitif Aktif 77 km/s
21 1 ileri Pozitif Aktif 63 km/s
30 1 Tleri Pozitif Aktif 94 km/s
34 1 Geri Negatif Aktif 33 km/s
46 2 Tleri Pozitif Aktif 81 km/s
53 2 ileri Pozitif Aktif 68 km/s

*Kiigiik arag:1, Biiyiik arag:2, Yaya:3, Bilinmeyen:0

Tablo 3. Anomali durum tespit i¢in kural tablosu

Nesne Simif Hareket yonii Yer degistirme Konum Hiz
Kiigiik arag (1) Ileri Pozitif Aktif X <90 km/s
Biiyiik ara¢ (2) Ileri Pozitif Aktif X <51 km/s

Bu asamanin sonuglanmasi ile siiflandirma igin giris
olarak kullanacagimiz veri seti elde edilmis olur Bu
calismada araglarin anomali durumlarina gore 6znitelikler
belirlenmistir. Bu 6znitelikler araglarin hareket yonii, yer
degistirme, konum ve hiz bilgilerinden olusmaktadir. Elde
edilen oznitelikler siniflandiricinin girigine verilmistir.
Son olarak smiflandiricinin  ¢ikisinda anomali var,
anomali yok, araglarin hareket yonii, yer degistirme,
konum ve hiz bilgileri olmak iizere 5 adet ¢ikis
bulunmaktadir.

3.3 Makine Ogrenmesi Siiregleri

Makine ogrenmesi tekniklerini kullanarak bir
problemin ¢oziilebilmesi igin yaklasim adimlart agagidaki
gibidir [29].

Problemin tanimi

Veri seti

Verilerin hazirlanmasi
Modelleme

Model performans degerlendirme

Bu calismada trafik akis video verilerinden anomali
tespiti ve makine 6grenmesi yontemleri ile siniflandirma
yapilarak amaglanan faydalar ilgili bashik altinda
siralanmigtir. Video analiz verilerinin hangi smifa ait
olacagi  islemine  iligkin  problem  ¢dziilmeye
caligilmaktadir.

Veriler Diyarbakir ilinin sehir igi ve sehirler arasi yol
giizergahlarinda, bir akilli telefonun 16 mega piksel
ozelligindeki arka kamerasi ve sabit bir noktadan ¢ekim
yapmak amaciyla tripod yardimiyla toplanmistir. Ayrica
benzetim yapmak amaciyla rasgele veriler olusturularak
hazirlanmistir. Veri seti 32 adet 30’ar saniye 25 FPS ‘den
(saniyede g¢ergeve basina diisen goriinti sayisi)
olugmaktadir. Goriintiiler 4 farkli bolgeden alinmistir. Her
bir bolgede 8 adet video olmak iizere 4 veri seti
olusturulmustur.  Bu ¢alismada araglarin durumu analiz
edildigi icin veri setinde yayalara iligkin bilgiler gozard:
edilmistir.

Veriler modelde islenmeden 6nce kullanilmak {izere
hazir hale getirmek icin veriye gore Ozetlenmesi,
temizlenmesi, doniistiiriilmesi, indirgenmesi,
ayriklastirilmasi gerekmektedir [29]. Sekil 3’te gdzetim
kamerasindan aktarilan videolarin analiz edilmek iizere

depolama aygitlarina aktarildiktan sonra OpenCV
programinin igleyebilecegi video formatlarina doniigiim
yapilir. Son adimda ise islenebilecek videolarda siire ve
diskte kapladigi yer agisindan analiz edilebilecek boyut
indirgenmesi yapilarak videolar analiz edilmeye hazir
hale getirilir.

Gozetim Format

. Boyut
Kameras: | Video Kayit ¢— ..

D stiirme Déniigtirme

Sekil 3. Video verisi hazirlama is akis diyagrami

Veriler islenmeye hazir hale getirildikten sonra
O0grenme algoritmast i¢in modelleme asamasi basglar.
Model esas olarak gorevin niteliklerine uygun olarak
tanimlanmis ¢iktiya duyulan ihtiyacin
mimarilendirilmesidir [29]. Bu c¢alismada trafik
videolarmin analizi sonucu hareket eden nesnelerin
anomali durumlarinin siniflandirma yapilmasinda verileri
degerlendirmek icin yeni bir yaklasim olarak UOM ve
DGAUOM (Diferansiyel Gelisim Algoritmast Ug
Ogrenme Makinesi) model olarak secilmistir. Modellerin
calisma algoritmalar ile ilgili bilgiler alt boliimlerde
sunulmustur.

Ug Ogrenme Makinesi (UOM) bir tek gizli katmana
sahip ileri beslemeli bir yapay sinir ag1 (YSA) modelidir
[38-40, 79, 80]. YSA’nin basarimi yiiksek Ogrenme
gerceklestirebilmesi icin esik degeri, agirlik ve aktivasyon
fonksiyonu gibi parametreleri veri i¢in modellenecek
sisteme uygun degerde olmalidir. Gradyan bazli 6grenme
yaklagimlarinda bu parametrelerin tiimii iteratif olarak
uygun deger i¢in degistirilir. Dolayisiyla yavas ve yerel
minimuma takilabilme olasilig1 nedeniyle basarimi diisiik
sonuglar iiretebilmektedir. UOM Ogrenme siireclerinde
parametrelerini gradyan bazli olarak yenilenen YSA’dan
farkli olarak giris agirliklar1 rastgele secilirken c¢ikis
agirliklart analitik olarak hesaplanmaktadir. Analitik bir
O0grenme siireci; hem ¢6ziim zamanimi hem de hata
degerinin yerel bir minimuma takilabilme olasiligini ciddi
oranda azalttigindan basarim oran1 artmaktadir. UOM nin
gizli katmanda bulunan hiicreleri aktive etmek icin
dogrusal bir fonksiyon segilebilecegi gibi dogrusal
olmayan (sigmoid, siniis vb.), tiirevlenemeyen veya
kesikli aktivasyon fonksiyonlarda kullanilabilmektedir
[30-38]. Sekil 4’te UOM mimarisi verilmistir.
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Giris katman Gizli katman Cikis katman
i=1,2,...n j=1,2,...m k=1,2,...p

X (1)
X ()

. y(n)
X(n-1)

X(n)

Giris agirliklari Cikis agirliklart

b (m)
Sekil 4. ileri beslemeli tek gizli katmanli bir yapay sinir ag1 modeli

y(®) = X2 B; g(Tiey wijx; + by)
(7)

Denklem 7°teki  x; giris y,, ¢ikis vektorlerini (m ve n
noron sayis1) ve wj;giris katmani ile gizli katman
arasindaki agirlhiklar, B; ¢ikis katmani ile gizli katman
arasindaki agirliklart b; gizli katmandaki noronlarm esik
degeri g(.) Aktivasyon fonksiyonu ifade eder. Esitlikteki
giris katmani agirliklart (wy;) ve bias (b;) degerleri
rastgele atanir. Aktivasyon fonksiyonu (g(.)) giris
katman ndron sayisi (n) ve gizli katman ndron sayisi (m)
baslangi¢ adiminda atanir. Simdi bu bilgilere dayanarak
esitlikte bilinen parametreler bir araya getirilip yeniden

Q(WL,Lxl + bl) N g(wxmxm + bm)

H(Wr',jvijxi‘) =

Wy 1 X, + by) N g(wn.mxm + by)

diizenlenirse ¢ikis katmani Denklem 8’deki gibi olur.
(8)

y=Hp C))

Tiim egitim algoritma modellerinde hedeflenen amag
olabildigince hatay1 minimum yapabilmektedir. UOM de
gercek cikt1 Y, degeri ile elde edilen ¢ikt1 Y, degerinin
hata fonksiyonu Y5 (Y, — Y,) (s: egitim veri sayisi) veya

hata maliyet fonksiyonu ||Z3(Y, —Y,)? || minimum
olmasim1  saglayabilmektir. Bunun i¢in her iki

fonksiyonda da gergek ¢ikt1 Y, degeri ile elde edilen ¢ikt:
Y, degerinin esit olmasi gerekir. Bu esitlik saglandiginda
Denklem 9°da bilinmeyen parametre sadece B agirlik
degeridir. H Matrisi ¢ok diisiik ihtimalle kare bir matris
olabilir. Ya da baska bir ifade ile egitim kiimesindeki veri
sayisinin, her verinin icerdigi 6zellik sayisina esit olma
olasihig1 diisiiktiir. Dolayisiyla bu matrisin tersinin [H™]
aliarak agirliklarin () bulunmasi problem olacaktir. Bu
durumu asmak i¢in Huang vd. [80] bu problemde oldugu
gibi tersi alinamayan matrislerin yaklasik terslerini
hesaplamak i¢in gelistirilmis olan genellestirilmis ters
Moore-Penrose matrisi kullanmay: 6nermislerdir. f
yaklasik ¢ikis agirligi ve HY, H matrisinin genellestirilmis

ters Moore-Penrose matrisi olur. Buna gore ¢ikis
agirhiklar1 B = Hy ile bulunabilir [38, 39].

Yiiksek boyutlu degisken sayisina bagli olarak
dogrusal olmayan, giiriiltiili, ¢ok modlu ve degismeme
ozelligine sahip problemlerin ¢oziimiine iliskin sunulmus
bir gelisimsel optimizasyon algoritmasi olan Diferansiyel
Gelisim  Algoritmas1  (DGA) genetik  algoritma-
popiilasyon tabanli optimizasyon teknigidir [40-43].
DGA, polinomal uyum problemini ¢6zmek {lizere Kenneth
Price tarafindan gelistirilmistir [44]. DGA gelistirildigi
teknik olan genetik algoritma  optimizasyondaki
caprazlama, karsilagtirma ve mutasyon islemlerini ayri
basamaklarda gerceklestirir.  Dolayisiyla her bir
basamakta gegen siire kiimiilatif olarak
degerlendirildiginde uzun zaman almaktadir. DGA temel
olarak bu dezavantajin giderilmesi amaglamustir. Ozet
olarak DGA baslangi¢ popiilasyonundaki en iyi
kromozom seger ve ardindan tiim popiilasyon, istenilen
durdurma sartlar1  saglanincaya kadar mutasyon,
caprazlama ve karsilastirma iglem adimlarim takip eder.
Durdurma sarti, adim sayisi veya belirli bir hata degeri
olabilir. DGA yeni ve oldukca da etkili bir mutasyon
islemi uygulamaktadir. Gelisim tabanli algoritmalar ile
arasinda en temel ve belirgin fark rastgele se¢ilmis amag
vektér  farklarma dayali bir mutasyon islemi
uygulamasidir. Bu durum DGA’nin  performansini
arttirmaktadir. Bunun yaninda hizli, basit, kolay
uygulanabilir, degistirilebilir, etkili kiiresel optimizasyon
kabiliyetli, kayan nokta formatina bagli hassasiyet
simirlamali, matris carpimlart ve siralama iglemleri
olmadigi i¢in giiclii bir algoritma olarak kabul edilir. DGA
dort temel adimdan olusur [40-43]. Asagida bu dort temel
adimdan olusan DGA’nin s6zde kodu verilmistir.

Adim 1: Kontrol parametrelerinin D, Gmax, NP > 4 F €
(0,14),CR € [0,1] degerlerini ve parametre sinirlarimni
x0) x(h) ata,
Adim 2: Baglangi¢ popiilasyonunu olustur.
Adim 3: while(Vi S NPAV)j <D : x;6-0 =27 +
rand;[0,1]. {(xj(hl) - xj(lo))}
Adim 4: fori=1to NP
Adim 5: Mutasyon, Caprazlama

T, 17,73 € {1,2,....NP}ry #1715, #13 #i
Jrana € {1,2,....D}

fori=1to D

If (randj[o_l] < CRAj = jrana)
@) _ ()
Upj” =V
else
@) _ y(@
Ui =X,
end if
end for
Adim 6: Se¢im
it f(Uig+1) < Txig)

. —(G+1)

xi(G+1) — Ui
else

Ei(G+1) _ Yi(G)

end if
end for
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end while

4  Deneysel Sonuglar

Yapilan calismanin sonuglart ve basarimlar1 {i¢
asamada incelenmigtir. Birinci asamada arka/6n plan
boliitleme yontemi i¢in kullanilan GKM ve nesne yoriinge
tahmin-atama i¢in Kalman Filtre-Macar algoritmasi
yontemleri kullanilarak videoda tespit edilen nesne
sayilar1 ve toplam piksel degeri ile etiketlendirilen nesne
tespit basarimi Tablo 4’de verilmistir. Video analiz
programinin tespit ettigi sekil sayisi ile manuel Slgiimler
kargilagtirilarak tablo 4’teki basarim oranlari elde

edilmistir. Ikinci asamada yazilim ile nesnelerin dzellik
verileri ile izlenen yol i¢in belirlenmis kural verileri
karsilagtirilarak yapilan anomali durum tespiti basarimi
%100 diir. Uglincii asamada ise UOM ve DGAUOM
yontemleri ile siniflandirma basarimlart  verilmistir.
Ayrica UOM yonteminin basarimimin karsilagtirilmasi
amactyla diger makine Ogrenmesi yontemlerinden
siniflandirma icin Destek Vektor Makinesi (DVM) Naive
Bayes (NB) ve Yapay Sinir Ag1 (YSA) kullanilarak elde
edilen sonuclar verilmistir. Bu sonuglar MATLAB 2016
yazilimi ve Intel i5-6400 CPU, 16 GB RAM’ e sahip
bilgisayar ile elde edilmistir. Sekil 5’te ise olusturulan
video veri tabanindaki video setine ait 6rnek gergeveler
gosterilmistir.

Tablo 4. Tespit edilen nesne ve tiirlerine iligkin video analiz bagarimlari

Video seti Videodaki nesne Adet Yazilimin tespit ettigi Adet Basarim
Otomobil, SUV 24 Kiigiik Arag 24 %100
1 Otobiis, Kamyon 24 Biiyiik Arag 24 %100
Hareketli nesne 1 Bilinmeyen 1 %100
Otomobil, SUV 42 Kiigiik Arag 42 %100
2 Otobiis, Kamyon 13 Biiyiik Arag 13 %100
Hareketli nesne 3 Bilinmeyen 3 %100
Otomobil, SUV 38 Kiigiik Arag 38 %100
3 Otobiis, Kamyon 11 Biiyiik Arag 11 %100
Hareketli nesne 4 Bilinmeyen 4 %100
Otomobil, SUV 48 Kiigiik Arag 48 %100
4 Otobiis, Kamyon 16 Biiyiik Arag 16 %100
Hareketli nesne 3 Bilinmeyen 3 %100

Sekil 5. Video veri setine ait ornek gergeveler

4.1 UOM ile Siniflandirma Sonuglari

Tablo 5°de UOM yéntemi ile video setleri icin
¢ikarilan nesne Ozellikleri anomali etiketlerine gore
smiflandirma sonuglart verilmistir. Veri seti bolmede K-
kat ¢apraz performans yontemi kullanilmistir. Elde edilen
basarimlar sirasinda UOM’nin gizli katmandaki hiicre
sayisi(2, 5, 10, 20, 25, 50, 75) ve aktivasyon
fonksiyonu(sigmoid (sig), siniis (sin), hard limit
(hardlim), triangular basis (tribas), radial basis (radbas) ve
linear (lin) Deneme-Yanilma yontemi ile denenmis elde
edilen sonuglardan maksimum (1’e yakin) olan deger
verilmistir.

Tablo 5. UOM smiflandirma basarimlar

Video Seti Test basarimi / Dogruluk basarim Gizli katmandaki hiicre sayisi Aktivasyon fonksiyonu
1 %97,92 50 linear (lin)
2 %97,62 25 linear (lin)
3 %95,83 50 linear (lin)
4 %98,33 10 linear (lin)

Goriinttiler 4 farkli bolgeden alinmistir. Her bir
bolgede 8 adet video olmak iizere 4 veri seti
olusturulmustur. UOM siniflandiricinin test verilerine
uygulanmasi ile elde edilen performans metrik degerleri 4
veri seti i¢in Tablo 6’ da gosterilmektedir. Sekil 6’da
video setlerine ait UOM smiflandirma test basarim
grafikleri verilmistir. Sekil 6’da gizli katmandaki hiicre
sayist 50 icin aktivasyon fonksiyonu linear(lin) iken
bagarimin  %97,92 oldugu gozlenmektedir. Gizli

katmandaki hiicre sayis1 25 icin aktivasyon fonksiyonu
linear(lin) iken basarimin %97,62 oldugu gozlenmektedir.
Gizli katmandaki hiicre sayis1 50 igin aktivasyon
fonksiyonu linear(lin) iken basarimin %95,83 oldugu
gozlenmektedir. Sekil 7° de video setlerine ait UOM
simiflandirma AIK (dogru pozitif yanlis pozitife orani
olarak hesaplanan duyarlilik, belirleyicilik, kesinlik ve F-
dlciisii) grafigi verilmistir. Sekil 7°de ki AIK grafigine
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gore duyarlilik 1, belirleyicilik 0,96, kesinlik 0,95 ve F-
Olciisiiniin 0,97 oldugu gozlenmektedir.

Tablo 7°de 4 farkli video veri seti igin duyarlilik
belirleyicilik, kesinlik ve F- 6lgiisii degerleri verilmistir.

Tablo 6. UOM siniflandirma performans metrik degerleri

Performans metrik degerleri
Video Seti Duyarhhk Belirleyicilik Kesinlik F- Olgiisii
1 1 0,96 0,95 0,97
2 1 0,92 0,97 0,98
3 0,96 0,94 0,96 0,96
4 1 0,96 0,97 0,98
Tablo 7. UOM smiflandirma basarimlar
Video Seti Test basarimi / Dogruluk basarim Gizli katmandaki hiicre sayis1 Aktivasyon fonksiyonu
1 997,92 50 linear (lin)
2 %97,62 25 linear (lin)
3 995,83 50 linear (lin)
4 998,33 10 linear (lin)
- BN IAiK Egrisi \
0.9}
90 -
0.8

80t / -

70 -

Test Bagarimi (%)

60 ~ _ —sig

~_ sin
hardlim
tribas
radbas
lin

50 1 |

40

0 10 20 30 40 50 60 70 80
Gizli Katmandaki Hiicre Sayisi
Sekil 6. UOM smiflandirma test basarim grafigi

4.2 DGAUOM Siniflandirma Sonuglari

DGAUOM yéntemi ile video setleri i¢in ¢ikarilan
nesne Ozellikleri anomali etiketlerine gore siniflandirma
sonuglari verilmistir. DGA’nin ¢aprazlama ve mutasyon
adimlarinda denenen gizli katmandaki hiicre sayis1 ve
aktivasyon fonksiyonlar1 ve algoritmaya uygun sekilde
¢alismistir. Son adimda ulasilan en iyi hiicre sayist ve
aktivasyon fonksiyonu tablo 8’de verilmistir. Veri setinin
%751, egitim igin geri kaln %25°1 test i¢in ayrilmustir.
Veri seti bolmede K-kat capraz performans yontemi
kullanilmistir. K-kat caprazlama, veriyi belirlenen bir k
sayisina gore esit parcalara boler, her bir par¢anin hem

S
=

b
e}

Dogru POzitif Orani
© o o o
n w £ (9]

)

o
Q

0.2 0.4 0.6 0.8 1
Yanlis Pozitif Orani
Sekil 7. UOM smiflandiricisina ait AIK grafigi

o

egitim hem de test i¢in kullanilmasint saglar, boylelikle
dagilim ve par¢alanmadan kaynaklanan sapma ve hatalari
en aza indirgenir.

Elde edilen basarimlar sirasinda UOM’nin DGA
yontemi ile en iyiye ulagsmak i¢in gizli katmandaki hiicre
sayisi ve aktivasyon fonksiyonunu mutasyon ve
caprazlama yapilarak en iyi basarim (1’e yakin) olan
degeri verilmistir. Bu sonuglarin test / dogruluk
basarimlarinin tamami %100 ¢ikmustir. Bu sonuglar
DGAUOM yénteminin UOM yonteminden de basarili
sonug iiretebilecegini gdstermektedir.

Tablo 8. DGA-UOM smiflandirma basarimlari

Video Seti Test basarimi / Dogruluk basarimi Gizli katmandaki hiicre sayis1 Aktivasyon fonksiyonu
1 %100 25 Radial basis (radbas)
2 %100 10 Radial basis (radbas)
3 %100 25 Radial basis (radbas)
4 %100 50 Radial basis (radbas)

Tablo 9°da literatiirde sik kullanilan diger makine
ogrenmesi siniflandirma yontemlerinin ayni veri seti
iizerindeki basarim sonuglar1 verilmistir. Yapay sinir
aglar1 modelinde gizli katman sayis1 bir ve bu katmandaki
gizli digliim sayist ii¢ olarak almmmistir. Katmanlar
arasinda sigmoid aktivasyon fonksiyonu kullanilmstir.

Yakinsama kriteri 0.2 maksimum iterasyon sayis1 50 ve
her bir ¢alistirmada algoritmanin sonlandirilmasinda 20
devir alinmustir. Diger makine Ogrenmesi
smiflandiricilarinin test verilerine uygulanmasi ile elde
edilen performans metrik degerleri gosterilmektedir.
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Tablo 9. Alternatif yontem siniflandiricilarin performans metrik degerleri

Performans metrik degerleri
Video Seti Duyarhhk Belirleyicilik Kesinlik F- Olgiisii

Naive Bayes 0,94 0,81 0,75 0,83

1 Destek vektor 0,94 0,79 0,70 0,80
YSA 0,92 0,96 0,95 0,93

Naive Bayes 0,91 0,83 0,94 0,92

2 Destek vektor 0,77 1 1 0,87
YSA 0,94 1 1 0,97

Naive Bayes 0,78 0,83 0,93 0,85

3 Destek vektor 0,68 1 1 0,81
YSA 0,96 1 1 0,98

Naive Bayes 0,85 0,95 0,97 0,90

4 Destek vektor 0,63 1 1 0,77
YSA 0,89 0,96 0,97 0,93

5 Tartigma ve Oneriler

Askeri ve yerlesim yeri giivenligi, kisi ya da arag
hareketlerini siirekli izleme ve raporlama Onceden
tanimlanmis olaylarin tespiti gibi uygulamalar insan
gozlem tabanli sistemler ile yapilmasmin gesitli
dezavantajlart vardir. Giiniimiizde bu islem, ¢ogunlukla
birka¢g ekran karsisinda oturan giivenlik personeli ile
yapilmaya c¢aligilmaktadir. Kapali devre izleme
merkezlerinde yapilan testlerde; iki veya daha fazla
monitdriin, 12 dakika siirekli dongii halinde izlenmesi
durumunda  gilivenlik  personelinin  ekranda olan
aktivitenin %45’ini kagirdig, 22 dakika sonra ise aktivite
tespit basariminin sadece %5 ile smirli oldugu tespit
edilmigtir. Karayolu trafigi gozetleme sistemleri anlik
degerlendirme, siirekli bilgi giincellemesi, yiiksek
miktarda veri ve manuel uyart gibi nedenlerden dolay1
klasik izleme sistemleri yetersiz kalmaktadir. Kural dist
davranis olarak nitelendirilen anomalinin siniflandirilmasi
ve tahmini bilgisayar destekli otomatik sistemler
tarafindan yapilmasi insan faktorlii hata payini azaltip
bilgisayar kontroliinii ve verinin dogrulugunu artirarak
trafik akisinin giivenliginin saglanmasinda basarimi
yiiksek uyari sistemlerini saglar. Bu ¢calismada akilli trafik
izleme sistemine iligkin ¢esitli yontemlere dayali fikirler
savunulmustur. Calismanin ag¢ik noktalart ve ileride
iizerinde ¢alisma yapilmasi gereken konular mevcuttur.
Bunlar videolarin analizi sirasinda karsilagilan (duragan
olmayan arka plan: iklim, 151k, kamera kalibre vb.)
problemleri; tespit edilen hareketli nesnelere iliskin
ozellik c¢ikarma ve izlenen karayolunun kuralinin
otomatik olarak ¢ikarilabilmesi; video gibi yiiksek
miktardaki verinin makine Ogrenmesi yontemleri ile
islenip gergek zamanli otomatik uyarim sistemlerinin
olusturulmasi olarak siralanabilir.

Her gegen giin bu problemlerin ¢6ziimiine iliskin yeni
¢aligmalar sunulmaktadir. Bu ¢aligmalar ile akilli sehir ve
otomatik ara¢ teknolojilerine katkilar sunulmaktadir.
Gelecek birkag yil i¢inde kiiresellesen ve her gecen giin
niifusu artan diinyamizda trafik akis gilivenligi ve buna
bagli bir¢ok etkenin olumsuz etkileri; gelisen donanim ve
yazilim teknolojisi ile asilabilir hale gelecektir. Trafik

akist gibi biiyiikk veri iceren ve insan gorsel
degerlendirilmesine dayali bir¢ok sistem yerini otomatik
calisip gerektiginde uyari verebilen modeli 6grenip
gelecege yonelik tahminler yapabilen sistemlere
birakacaktir. Ozet olarak bu ¢alismada bunu yapabilecek
bir sistem; yapay 6grenme yontemi ile trafik akis gdzetimi
analizinde yeni bir yaklasim olarak sunulmustur.

Bilgilendirme

Gergeklestirilen bu c¢alismada Etik Kurul Onay
belgesine gerek yoktur.
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Abstract

Review paper
NiTi-based shape memory alloys (SMAs) have many applications, especially for implantation, however since they are not a passive
material so it is important to investigate them from different biocompatible perspectives. In this study, we introduced the important physical
characteristics of NiTi alloys, then we explained different biocompatible terminologies, including carcinogenic, genotoxic, cytotoxicity,
mutagenic, allergic, and corrosivity. We collected some important previous works that investigated the biocompatibility of NiTi-based

SMAs and the different techniques used for improving the alloy and diminishing the hazard due to Ni-leakages.

Keywords: NiTi, shape memory alloys, biocompatibility, toxicity, Carcinogenic, Mutagenic

1  Introduction

Smart materials are a group of engineering materials
that have many technological applications [1, 2], besides,
shape memory alloys (SMAS) are a special type of smart
materials which are received more attention compared to
other types of smart materials because they are able to
recover and a deformed shape through some specific
mechanisms [3-7]. SMAs have two main phases which are
austenite and martensite phases. Austenite is stable at high
temperatures while martensite is stable at low
temperatures, and the phase transformation from austenite
to martensite and vice versa can be obtained through the
heating/cooling process [8-20]. Also, the ability of SMAs
to return to their previous shape is specified into two
different categories, which are shape memory effect (SME)
and superelasticity (SE). Because of these interest
behaviors, SMAs are widely used in modern technological
applications, such as robotics, automotive, aerospace, and
medical application [21]. Additionally, some SMAs,
especially NiTi-based alloys, are used as biomedical
materials. Biocompatibility is an ability of biomedical
materials since they are implanting in the human body, so
they should be passive and do not damage the living tissues
[22]. Besides, the biocompatibility of SMAs is relative,
therefore they can be improved by some basic techniques
such as heat treatment and alloying process. In the past few
decades, many studies in the literature could improve the
biocompatibility of SMAs. For example, Jin et al. used a
filtered arcing ion plate technique to coating NiTi alloy
with the tin element. They reported that Sn enhanced the
biocompatibility of their sample [23]. Likewise, Zhang
and coworkers improved the biocompatibility and anti-
corrosion resistance of a binary NiTi SMA by coating its

* Corresponding author.

E-mail address: safar87physics@gmail.com (S. Mohammed)

surface with graphene [24]. Also, Tao and coworkers
performed the oxidation treatment on a NiTi SMA using
H20- solution, and they stated that the wettability, blood
compatibility, and fibroblasts compatibility were improved
after coating the sample with a titanium oxide layer [25].

In this article, most studies conducted about improving
the biocompatibility of NiTi-based shape memory alloys
have been reviewed. Firstly, we discussed the main
features of shape memory alloys, then we explained some
biocompatible terminology used for biomedical materials.
Also, the techniques used to improve and minimize the
risks of using these smart materials are highlighted.

2 General Characteristics of SMAs

As we mentioned before, SMAs have two main phases
which are austenite and martensite. Also, they can be
transferred from one phase into the other counterpart, also
they able to return to their previous shape only by
manipulating temperature. This ability is based on two
main characteristics, which are known as SME and SE.

2.1 Shape Memory Effect (SME)

When the SMA phase is converted from a low-
temperature phase (martensite) to a high-temperature
phase (austenite) by thermoelastic conversion, it can return
to its original state under the influence of the heating
process. This behavior is called the shape memory effect
[26]. Figure 1 depicts a stress-strain-temperature diagram
that determines the SME mechanism. The austenite is
phase transformed to the martensite phase under the effect
of the stress and cooling process; firstly, the austenite phase
transforms into twinned-martensite (1—2), and then its
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crystal structure changes to detwinned-martensite (2—3).
When the effect of mechanical stress is removed through
the (3—4) process, its crystal structure stays constant, but
under the effect of the heating process, the alloy can
recover to its parent phase (austenite) through (4—1) [26].
Based on the SME, two different types of SMAs have
been classified: one-way shape memory alloy (OWSMA)
and two-way shape memory alloy (TWSMA). In
OWSMA, the alloy can remember only one predetermined
shape given in the austenite phase, while in TWSMA, the
alloy can be trained to remember two different shapes in
two various temperatures. Generally, OWSMAs have more
commercial applications compared to TWSMAs [27].

A Detwinned
Martensite
3

I

Stress

i

Twinned
Martensite

Austenite s g
Strain

Heating/ R ecovery

Figure 1. Schematic diagram of SME [26]
2.2 Super Elasticity (SE)

SE is another unique property of SMAs, which has
more technological applications. SE does not need
temperature change [28], but in a specific temperature
between austenite finish and martensite deformation, the
superelasticity can be obtained from an SMA [28]. Figure
2 shows the superelasticity mechanism in a stress-strain
diagram. After the applying stress exceeds elastic (A—B)
deformation, a martensite phase transformation takes place
(B—C). After austenite is compactly transformed to the
martensite phase, the crystal structure of the alloy changes
from cubic to a detwinned martensite crystal structure. The
stress is stored as elastic energy so after removing the
external load, the restoring energy returns the deformed
alloy to its original shape, however, by over-stressing the
alloy, a slip can happen that leads to permanent
deformation.

Superelasticity Stressed
@ D martensite
2 0
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Figure 2. Schematic diagram of the SE [28]

3 Biocompatible Properties

In this chapter, the main well-known biocompatible
properties of materials, especially NiTi-based alloys were
discussed. Table 1 lists the biocompatibility of some
elements, includes Ni and Ti.

3.1 Carcinogenic

Carcinogenic is one of the most imperfections or
harmful properties that must be taken into account for the
substances which are used in medical treatments and
manufacturing medical devices that are implanted into the
human body [29]. Also, carcinogenic can increases cancer
[30]. Chemical carcinogenic which refers to some chemical
substances such as arsenic (As), cadmium (Cd), nickel
(Ni), and selenium (Se), can destroy DNA that directly or
indirectly causes a mutation in the essential oncogene or
immune cell gene that causes cancer [31]. The NiTi-based
shape memory alloys are the most popular ones that are
used in biomedical applications, however, one of the big
problems of using NiTi as a biomaterial is the release of the
carcinogenic Ni and Ti ions into the human body [32].
There are more works in the literature where they were
treated this problem by surface modifications and coating
methods to improve the corrosion resistance by reduced the
carcinogenicity of Ni-Ti alloy [33-36].

O’Brien et al. carried out the passivation process on a
NiTi SMA; they treated samples thermally and then they
passivated them in a nitric acid solution. They stated that
the biocompatibility of the NiTi alloy was improved. The
surface analysis indicated that after the passivation process
Ni and NiO content were reduced and TiO; increased on
the surface. Also, they concluded that the corrosion
resistance of the alloy was proportional to the quantity of
nickel removed [37]. Likewise, El Abedin and coworkers
improved the biocompatibility of a NiTi alloy by reducing
the carcinogenic Ni content. They coated the NiTi SMA
with a thin layer of Ta using a 3.5% NaCl solution; they
stated that the corrosion resistance was improved after
coating the alloy [32].

3.2 Genotoxic

Genotoxic is one of the properties of chemical
elements that are concerning in biomedical applications to
avoid cancer due to the change in the genetic information
of the organs and mutation by damaging the DNA of the
cells [38]. The indirect and direct DNA damage, due to
genotoxicity includes induction of a mutation, and direct
DNA damage, resulting in mutations. It induces immediate
and inherited modifications which can be transmitted to
subsequent cell generations [39]. It is known that NiTi-
based alloys have several important and interesting
properties such as superelasticity, shape memory, and high
damping property, however, due to the presence of Ni
element, the NiTi-based alloys are listed in genotoxic
materials [38]. Assad et al. decreased the genotoxicity for
a NiTi SMA by diminishing the amount of Nickel ina NiTi
alloy. They found that the genotoxicity of pure Titanium is
smaller than a binary NiTi, stainless steel, and pure nickel.
Based on genotoxicity results, they sorted the materials as
Ti < Ni-Ti < stainless steel < Ni [40].
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3.3 Cytotoxicity

Cytotoxicity is one of the important properties of
chemical elements or materials that causes cell damage or
cell death when a cytotoxic material is implanted inside a
human body. The prefix (cyto) means cell, and (toxic)
means poison. Chemotherapy is used for treating the
damage to cancer cells caused by cytotoxic material [41].
Cytotoxicity testing is so important for the biomedical
element used for implanting applications [42]. NiTi-based
shape memory alloys are one of the biomedical materials
that are also cytotoxicity because nickel is one of the toxic
chemical elements. However, this issue can be treated by
diminishing Ni or substituting Ni with a third
biocompatible element. Tabish, et al. added Fe as the third
element into a NiTi alloy with composition of
TisoNiggFe,, TigoNiy,Fes, and TigoNigsFes,. They
implanted the samples inside the rabbit body, and they
tested the blood and histology of various vital organs of the
rabbit after 4, 8, and 12 weeks. Thus, they stated that the
ternary NiTiFe alloys showed no sign of cytotoxicity and
the alloys were passive and had no reaction with the living
organs inside the rabbit body [43].

3.4 Mutagenic

Mutagenic is another property of materials that can
cause a permanent change in the genetic code of a host cell
[44, 45]. The permanent change in the amount or structure
of the genetic code and chromosome of the organism is
called mutation [46]. Normally, the human body has
enough immunity to these mutations and it can recognize
and repair some of the mutations, however, some of these
mutations are not repaired and not recognized by the
immunity system, therefore, they may produce a tumor and
develop cancer [47]. Although, as aforementioned, a NiTi
SMA has high biocompatibility, Nickel as a main
constituent of the alloy is listed in mutagen elements that
should be taken into account [48].

3.5 Allergic

An allergy is an immune system reaction to a foreign
material that is not normally dangerous to the body. These
materials are called allergens, and allergic reactions can be
produced when these materials enter a body. These
materials have many types such as pollen, foods, and pet
dander [49, 50]. Sometimes, a NiTi shape memory alloy
can also classify as an allergen material because Ni is one
of the five elements (Amalgam, Gold, Nickel, Chromate,
and Platinum) that are caused to allergic, and it ranks third
among this list [51]. Also, generally, females have more
sensitivity to Nickel than males. Somehow, up to 20% of
females have sensitivity to nickel, while, only 1-2% of
males are sensitive to this element [52-54]. This allergy
can be treated by release the amount of Nickel in the alloy
or by surface coating to avoid Ni-leakage [55]. Kim, et al.
coated a NiTi alloy with both nitride and epoxy and they
subjected the samples in dissolution with 0.9% NaCl and
neutral PH at room temperature. The result showed that
nitride has no significant effect on decreasing the allergy
of the NiTi because it did not affect the corrosion of the

alloy, while, they stated that epoxy decreased the allergy of
the NiTi alloy because the epoxy increased the corrosion
resistance of the alloy [56].

3.6 Prone to Corrosion

Despite implanting materials have more benefits in
biomedical applications, they sometimes have side effects
and cause additional health issues [57]. One of these side
effects is corrosion which is the degradation of the
implanting materials by an electrochemical attack when
they are placed inside the host body. The implanted
materials normally face various electrolyte environments,
such as blood, water, chlorine, sodium, plasma, and amino
acids, therefore, these fluids may cause corrode the
implanted metals [58]. NiTi SMAs have comparably good
corrosion resistance, but, they can be further improved by
some different techniques. Jean et al. added Cu into Ni-Ti
alloy, and they reported that the corrosion rate of the
equiatomic NiTi is greater than the ternary NiTiCu alloy
[59]. Likewise, Ruiz, et al. investigated the effect of both
boron addition and heat treatment on the corrosion
resistance of a NiTi alloy. They added 250, 500, and 1000
ppm of B into Ni55-Ti45, at the same time, and they
performed heat treatment on the samples at 900 °C for 4
hours. Their results showed that after adding 250 and 500
ppm of B, the corrosion rate was decreased but 1000 ppm
B increased the corrosivity of the alloy [60]. Also, lijima,
et al. performed a surface configuration method on a NiTi
alloy. They polished the surface alloy with 0.9% NaCl and
1% lactic acid solutions, and they found that a thick oxide
layer TiO2 was formed on the Ni-Ti surface by the heat
treatment and subsequent pickling processes. Besides, they
realized that this oxide layer improved both general and
localized corrosion of the NiTi in [61].

Also, the corrosion resistance of a NiTi alloy can be
improved by a chemical treatment method, which is called
passivation. Passivation can be defined as the anti-
corrosion mechanism or it is a loss of electrochemical
activity, whereby the passive layer is produced as a barrier
between the surface of the metal and the electrolyte,
therefore this protection layer can increase the corrosion
resistance of the material [62-67].

4 Conclusions

Since NiTi-based shape memory alloys (SMAs) are
not a passive material, they widely are investigated from
various biocompatible perspectives. In this review, the
essential physical properties of the NiTi alloys were
discussed. Additionally, the well-known biocompatible
terms including carcinogenic, genotoxic, cytotoxicity,
mutagenic, allergic, and corrosivity were clarified for NiTi
alloys. Some significant studies that investigated the
biocompatibility of NiTi-based SMAs and the various
strategies used to improve the alloy and reduce the risk of
Ni-leakages were reviewed. Researchers could achieve
good results, however, there are still many issues that need
more studies.
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Table 1. The biocompatibility of some elements [29]

Periodic
position

Ti
V

cr |
Mn
3d Fe
Co
Ni
Cu

Zr
Nb
Mo
Tc
4d Ru
Rh

Pd
Ag

Hf Unknown Unknown Unknown
Ta
w
5d Re Unknown Unknown
Os Unknown
Ir
Pt
Au

Al
Other Zn
Sn

Unknown
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Abstract
Conference paper

In this study, based on designed Ti-50Ni, Ti-27Ni-23Nb, and Ti-27Ni-19Nb-4X (Ta and V) SMAs were prepared using arc melting. The
microhardness and microstructure of the prepared alloys were examined. The optical microscope (OM) and Scanning Electron Microscopy
(SEM) images can be noted that Nb, Ta, and V addition in substitution to nickel causes a change in the microstructure morphology of TiNi
Shape Memory Alloy at room temperature. The microhardness results shown that when V and Ta elements were added to SMAs, the
microhardness of the alloys was significantly increased. Microhardness measurements were determined by taking the alloys from random
positions. The microhardness value of equal atomic Ti-Ni SMA was found to 243 HVo.. This value was determined to 354 HVo.3 in the
Ti-27Ni-23Nb ternary SMA. By the addition of Ta into the Ti-Ni-Nb alloy, the microhardness value was enhanced to approximately 380
HVo.3, additionally, moreover, by adding Vanadium element to the ternary alloy, the microhardness was increased to about 500 HVo..

Keywords: TiNiNbV; TiNiNbTa; shape memory alloy; microhardness; optical microscope.

Ti-Ni-Nb-X (Ta ve V) §EKiL HATIRLAMALI ALASIMLARIN MiKROYAPISI VE
MIKROSERTLIKLERININ ARASTIRILMASI

Ozet
Konferans bildirisi

Bu c¢alismada hazirlanan Ti-50Ni, Ti-27Ni-23Nb, ve Ti-27Ni-19Nb-4X (Ta ve V) sekil hatirlamali alagimlar ark ergitme metodu
kullanilarak olusturuldu. Hazirlanan alagimlarin mikrosertlik ve mikroyapilari incelendi. Optik mikroskop ( OM ) ve taramali elektron
mikroskop ( SEM ) goriintiileri, TiNi bazli sekil hatirlamali alagimlara ilave olarak katkilanmis Ta, V ve Nb elementleri ile oda sicakliginda
alman analizleri ile mikro yap1 morfolojilerinde degisiklikler gozlendi. Mikrosertlik sonuglari, sekil hatirlamali alagimlara V ve Ta
elementleri katkilandiginda bu sonuglarin degerini artirdig: tespit edilmigtir. Mikrosertlik 6l¢timleri alagimlardan rastgele konumlardan
alinarak belirlendi. Atomikge esit olan Ti-Ni ikili sekil hatirlamali alagimlarda bulunan mikrosertlik 6l¢iim sonucu 243 HVo3 olarak
bulundu. Bu deger Ti-27Ni-23Nb iiglii sekil hatirlamali alagimlar igin 354 HVo.3 bulundu. Ti-Ni-Nb alagimina Ta ilavesi ile mikrosertlik
degeri yaklasik 380 HVo.3 ye yiikselmistir. Ayrica, tiglii sekil hatirlamali alasima V elementi katkilanmasi sonucunda mikrosertlik 6l¢iim
degeri 500 HVo.3 olmustur.

Anahtar Kelimeler: TiNiNbV; TiNiNbTa; Sekil hatirlamali alasim; mikrosertlik; optik mikroskop

1 Introduction alloy has superior properties, such as superelasticity [6],

high corrosion resistance [7], high fatigue strength, and

“Shape memory” defines the ability to memorize its
shape and returning to the original shape of the plastically
deformed sample by applying thermomechanical or heat
[1-3]. Shape memory alloys (SMAs) have been classified
as a type of smart material with different families that are
based on a binary alloy. In TiNi alloys, the importance of
shape memory alloys has come to light with the shape
memory effect [4, 5]. NiTi-based alloy systems have been
studied most extensively and are used in the greatest
number of commercial applications. The equiatomic NiTi

* Coreesponding author.
E-mail address: eesrao122@gmail.com (E. Balci)

biocompatibility [8, 9]. These alloys have attracted
considerable attention in recent years since they can exhibit
wide transformation hysteresis and excellent ductility [10-
14]. The shape memory effect is a result of the martensitic
transformation that occurs in plastically deforming alloy
[15]. On the other hand, TiNi alloy has a crystallographic
structure that depends on two different temperatures [16].
Such as high-temperature austenite (cubic crystal
structure-B2) and lower temperature  martensite
(monoclinic crystal structure B19/). Because of this reason,
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the microhardness of the other phases may be different in
shape memory alloys. It is well known that the
microhardness of the austenite phase has higher than the
martensite phase in TiNi-based alloys [17]. Moreover,
taking into account variations in different temperatures,
stress-induced austenite phase to martensite phase
transformation may occur during the microhardness test
[17]. Many researchers studied how thermo-mechanical
treatments can affect the microstructural and crystalline
structures of alloys, to manipulate certain mechanical or
thermal properties [18]. Moreover, thermomechanical
treatment, the effect of aging, and the addition of new
elements to form such as ternary or quaternary of the Ti-
Ni-based alloy are of great interest [19-21]. Therefore, to
improve NiTi alloy, the Ni concentration can be reduced
by replacing it with a third and fourth element, such as Ta,
Nb, V, Sn. Mareci et al. reported that the substituting of Ni
with Nb in NiTiNb alloy increased the resistance of NiTi
shape memory alloy to localized corrosion [22]. In another
study, Balci et al. found that the dendritic microstructure of
the shape memory alloys prepared in different proportions
were different in terms of composition, e.g., although Ti
element has a higher ratio, from the EDX analysis and
SEM images showed that the dendritic structure observed
of in the Ni27Ti50Nb21V2 (at.%) alloy almost consist of
Nb [23]. Although the thermal and microstructural
properties of Ni-Ti-based alloys have been studied in large
numbers in literature, there are almost no studies on the
microhardness properties of NiTiNb-4Ta and NiTiNb-V4
SMA:s.

This study aims to compare the microhardness and OM
and SEM images of TiNi, TiNiNb, and TiNiNb-X (X =V
or Ta). The alloys were produced by an arc-melting method
and in the same environmental conditions. Microhardness;
OM and SEM images of these alloys were examined.

2  Experimental Procedure

Ti, Ni, Nb, Ta, and V powder, with high purity
(99.9%), elements were used for preparing five different
blended by a mechanical mixer. Three different ratios of
these powders were chosen to prepare Niz;Tiso (named F1),
Ni27Ti5oNb23(named FZ), Ni27Ti5oNb19Ta4(named F3), and
Ni27TisoNb21gVs (named F4). These compositions with
powder materials were pressed under 5x10° kg-force to
become disk pellets. They were taken by arc-melting
device and then argon was added to the chamber to avoid
oxidation. Samples for microscopic observation were
mechanically polished and chemically etched in a solution
of (HF+NOH3+H,0: 1:2:5) for approximately 5 sec. The
microstructures were observed by optic Microstructure
Clemex Software-Nikon Eclipse MA200 and by Scanning
Electron Microscopy-Energy  Dispersive  X-ray
Spectroscopy (SEM-EDX) device. The microhardness was
measured for 10 seconds under 300 g-force load using
Durascan Emcotest 20 model microhardness tester. The
average of five measurements taken was evaluated for the
microhardness test.

3 Results and Discussion

Firstly, the percentage (at %) contents and coding of
the shape memory alloys prepared for this study are shown
in Table 1. More than one method can be found in the
literature for Microhardness test analysis of materials.
There are three principal standard test methods for
expressing the relationship between hardness. These
methods; Brinell, Rockwell, and Vickers [17]. In this
study, the microhardness test of the shape memory alloys
was made using Vickerss hardness measurement method
and it was obtained from five different regions by Duramin
Microhardness tester (Struers, Denmark) with a load of 30
g for 10 s. Microhardness measurements were determined
by taking the alloys from random positions. The average
microhardness results of the alloys are given in Table 2.

Table 1. The atomic and weight composition of alloys prepared by arc-
melting method.

Concentration (at.%) Concentration (wt.%)
Samples Ti Ni Nb Ta V Ti Ni Nb Ta V
F1 50 50 - - - 55.1 449 0 0 0
F2 50 27 23 - - 259 391 349 O 0
F3 50 27 19 4 - 371 244 273 112 O
F4 50 27 19 - 4 40.2 267 297 0 34

Table 2. The atomic and weight composition of alloys prepared by arc-
melting method.

Sample Microhardness Standard
(HVo.3) Deviation
F1 243 3
F2 354 1
F3 394 3
F4 508 21
400 4
>g’- 350 -
T
el
S 300 -
<
o
S
=
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Figure 1. Microhardness measurement of NiTi based and addition
different ration Nb (19%at.) and Ta (4%at.) elements.

When Table 2 examined, microhardness measurement
results have increased as a result of different elements
added to NiTi SMAs.

Figure 1 shows the microhardness measurement of
NiTi-based and addition different ration Nb (% 19) and Ta
(%4) elements. According to these results, adding by Nb
element and the added Ta element at the rate of 4 percent
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increased the microhardness. The average microhardness
measurement results were found to be 243 HVo3 in
Ni50Ti50, 354 HVy3 in Ni27Ti50Nb23 ternary SMA. In
another study, it was determined that the Sn element added
to NiTi-based shape memory alloys in different
proportions changed between 180-455 HV as a result of
microhardness [24]. Also, in a study by C.Tatar et al.,
NiTiCu found to the microhardness measurement results of

550

the shape memory alloy between approximately 200-500
HVo3 [25]. Figure 2 illustrates the microhardness results of
Ni-50Ti, Ni-50Ti-23Nb, and Ni-50Ti-19Nb-4V shape
memory alloys. The microhardness measurement result of
the V element with 4 percent contribution was found to be
508 HVp3 on average. When element V was added to
NiTiNb alloy, it was determined that its microhardness was
the highest.

500 -

~

a1

S
1

Microhardness (HV, ;)
<]
o

N

(S

o
L

200 T

F1

F2 F4

Sample
Figure 2. Microhardness measurement of NiTi based and addition different ration Nb (19%eat.) and Ta (4%eat.) elements.

Optical microstructure of NiTi shape reminder alloys
is given in Figure 3 and its SEM view is given in Figure 4.
The optical microstructure of the shape memory alloy with
Ni and Ti elements shows that the NiTi main structure is
an irregular microstructure (sample F1). The NiTiNb SMA

(sample F2) structure produced by adding Nb to the
structure performed a more regular dendritic solidification
than the sample without Nb addition. It is clear that
solidification occurs with the effect of the fourth element
such as Ta and V on the structure with a much finer and
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smooth formation compared to the dendritic formation
mechanism, as in the F3 and F4 samples. Furthermore, as
can be seen in Figure 3 and Figure 4, primary dendritic
arms are quite long in F2 and F3 samples. According to the
EDS result, the primary dendrite arm is solidified with
elements of at.63.19Nb%, at.32.63Ti, and the remainder
Ni. The primary dendrite arm in the Ta added
microstructure consisted of the elements at.56.89Nb,
at.33.21% Ti at. It can be seen in the optical and SEM
microstructure in Figure 3 and Figure 4 that it achieves a

finer and homogeneous dendritic solidification with the
effect of the Ta element. However, the structure of
NiTiNbV SMA was quite different from other samples.
Matrix structure 57.88%Ti, 31.21% Ni, 5.55%Nb and
5.36% V (at.) secondary phase 44.22%Ti, 37.99%Ni,
13.28%Nb (at.). It exhibited solidification from the 4,50V
elements. It can be seen in Figure 2 that the secondary
phases in the F4 sample, which exhibit a fairly
homogeneous structure, also positively affect the
mechanical properties of the shape memory material.

Mage TIGKX  DNT2000W SpwAsSE1 WOT T

Mege IDEKX  DNT=2000W SxpeldsEE) WO Wen

I¥

e Mege TOEKX  DNT=NO00W SgrehsSEr WO Ten

— Mg TIOKX DNT=00w SgpwhsSEr WD e

Figure 4. SEM images of shape memory alloy.

4 Conclusion

According to the obtained in NiTi-based shape
memory alloys prepared, the main outcomes are as
follows:

e Adding Nb, Ta, V elements to NiTi shape memory
alloys increases the micro-hardness of alloy.

e When the microhardness measurement results of
NiTiNb-4Ta and NiTiNb-4V shape memory alloys
are compared, the NiTiNb-4V SMA has a high micro-
hardness.

e The surface morphology analysis shows that the
NiTiNb, NiTiNbTa, and NiTiNbV SMAs consist of
irregular dendritic forms. The dendritic solidification
of the alloys changes the mechanical properties of the
alloy and increases its microhardness.

e The dendrite arms of NiTiNb based alloys consist of
Nb-rich structure phase.
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Abstract

Original scientific paper
Occupational accidents are one of the most important problems faced by employees in their working lives. Many legislation and
institutional arrangements have been made in order to prevent accidents that may occur during the working life of humanity and to create
a healthy environment for employees. Despite this, many accidents still occur in the workplace. Recently, the concept of safety culture has
been emphasized in the prevention of occupational accidents. In this study, it is aimed to determine how the safety culture levels of the
workers in the construction sector are affected by the demographic characteristics and the field supervisors in the construction. The study
sample consists of a total of 130 people in 5 different companies operating in the construction sector in Ankara, Istanbul, Agr1 and Sivas,
determined by simple sampling method. As a data collection tool, 8 different scales adapted into Turkish by Dursun (2011) were used.
Parametric tests were used because the data showed a normal distribution. According to the findings of the research, it has been determined
that the safety perception of the employees in the workplaces where the field supervisor works is significantly high in the dimensions of
safety culture other than fatalism. In addition, significant relationships were determined between demographic characteristics such as
marital status, work experience, educational status and safety culture dimensions. It is thought that Increasing training activities, improving
management's attitudes and behaviors, eliminating fatalism, taking measures to increase awareness and competence, ensuring the active
participation of employees in safety, establishing effective communication, developing a reporting culture and employing field supervisors
in a certain number of workplaces will contribute to reducing occupational accidents.

Keywords: Safety culture, occupational accidents, construction, supervisor.

INSAAT SEKTORUNDE GALISANLARIN GUVENLIK KULTURUNUN OLUSTURULMASINDA
SAHA GOZETMENLERININ ROLU

Ozet
Orjinal bilimsel makale

Is kazalar calisanlarin ¢alisma hayatlarinda karsilastiklar: en 6nemli sorunlardan biridir. Insanligim calisma hayat: boyunca olabilecek
kazalar1 engelleme ve caliganlara saglikli bir ortam olusturmak amaciyla birgok mevzuat ve kurumsal diizenlemeler yapilmistir. Buna
ragmen, isyerlerinde hala bircok kaza meydana gelmektedir. Son zamanlarda is kazalarinin 6nlenmesi konusunda giivenlik kiiltiirii
kavraminin tizerinde 6nemle durulmaktadir. Bu ¢alismada, insaat sektoriinde calisanlarin giivenlik kiiltiirii diizeylerinin demografik
ozelliklerinden ve ingaatta gorevli saha gozetmenlerinden ne sekilde etkilendigini tespit etmek amaglanmigtir. Calismanin 6rneklemini,
basit 6rnekleme yontemiyle saptanan, insaat sektoriinde faaliyette bulunan Ankara, Istanbul, Agr1 ve Sivas illerindeki 5 farkli firmada
caligan toplam 130 kisi olusturmaktadir. Veri toplama araci olarak Dursun (2011) tarafindan Tiirkge’ye uyarlanan 8 farkli 6lgek
kullanilmustir. Veriler normal dagilim gosterdigi i¢in parametrik testler kullanilmistir. Aragtirmanin bulgularina gore kadercilik digindaki
giivenlik kiiltiirii boyutlarinda saha gbzetmeninin gérev yaptigi isyerlerindeki galisanlarin giivenlik algilarmimn anlamli sekilde yiiksek
oldugu saptanmistir. Ayrica medeni durum, is tecriibesi, egitim diizeyi gibi demografik 6zelliklerle giivenlik kiiltiirii boyutlari arasinda
anlamli iligkiler belirlenmistir. Egitim faaliyetlerinin arttirilmasi, yonetimin tutum ve davraniglarinin gelistirilmesi, kadercilik anlayiginin
ortadan kaldirilmasi, farkindaligi ve yetkinligi artirici tedbirlerin alinmasi, ¢alisanlarin giivenlige aktif katiliminin saglanmasi, etkili
iletisimin kurulmasi, raporlama kiiltiiriiniin gelistirilmesi ve belli sayida galisan1 bulunan isyerlerinde saha gozetmenlerinin istihdam
edilerek is kazalarinin azaltilmasina katki saglayacag: diisiiniilmektedir.

Anahtar Kelimeler: Giivenlik kiiltiirii, is kazalari, insaat, saha gozetmeni.
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1 Girig

Insaat sektorii finansal biiyiikliigii ve sagladig isgiicii
imkanlariyla Tiirkiye ekonomisinde Onemli bir yere
sahiptir [1].Tiirkiye’de faaliyet gosteren firmalarin 2019
yili itibariyle %8.24’linii olusturan insaat firmalarinda
calisan sayis1 1294788°dir [2]. insaat sektdriindeki ciddi
tehlikeler, bu  faaliyet alaninin  kendine  6zgii
ozelliklerinden dolay1 ¢aliganlarin  hayatim1  tehdit
etmektedir [3]. Cok tehlikeli isler sinifinda yer alan ingaat
sektoriinde [4] is kazalart sonucu meydana gelen
yaralanma, is giicli kayiplar1 ve 6liimler varligim1 devam
ettirmektedir.

Sosyal Giivenlik Kurumunun (SGK) 2019 yili is
kazasi istatistiklerine gore, “Bina Insaat1”, “Bina Disi
Yapilarin insaat” ve “Ozel Insaat Faaliyetleri” bir arada
degerlendirildiginde ingaat sektoriinde 47701 kaza
meydana gelmistir. 2019 yili igerisindeki tim is
kazalarmin %11.3’{ insaat sektorlinde yasanirken, ayni
yilda 368 insaat calisan1 is kazasina bagli sebeplerden
dolay1 hayatini kaybetmis, 1586 insaat calisan ise is kazasi
sonucu siirekli i goremez hale gelmistir. Tiirkiye’de 2019
yilinda meydana gelen tiim is géremezliklerin %36.73’1
ingaat sektoriinde yasanirken is kazasina bagli tim
Oliimlerin %32.1°1 ingaat ¢aliganlarindan olusmaktadir [2].
Ayrica Tirkiye’de sigortasiz ¢alismanin yaygin oldugu ve
SGK istatistiklerinin sadece sigortalilar1 kapsadigi goz
oniinde bulunduruldugunda, gercek saymin resmi
kayitlarin iizerinde oldugu agiktir [5]. Is kazalarini
onlenmeye yonelik, gecmis yillardan gliniimiize kadar
bircok yasal ve kurumsal anlamda diizenlemeler
yapilmasina ragmen is kazasi istatistikleri, yapilan
calismalarin  ¢ok  fazla  basariya  ulasamadigini
gostermektedir. Buradan hareketle is kazalarini sadece
teknik bir mesele olarak gormeyip ayni zamanda insan
faktoriiniin de dikkate alinmasi gerekmektedir [6].

Is kazalarim 6nleyici veya azaltic1 faaliyetler agisindan
alman ilk tedbirler, ¢ogunlukla teknik konularin ¢éziilmesi
ve fiziksel tehlikelerin ortadan kaldirilmasi konularini
kapsamaktadir. Ancak sorunu ¢6zmede bu teknik
onlemlerin yeterli olmadigi anlasilinca, arastirmacilar
insan  faktoriinii  incelemeye  baslamiglardir. Bu
incelemelere gore, is kazalarinin yaklasik %90’ 1na kisilerin
giivensiz davraniglari sebep olmaktadir [7]. Bu durumun is
kazalarinin  Onlenmesi konusunda gilivenlik  kiiltiiri
kavraminin da 6nemini ortaya koydugunu gostermektedir.

Giivenlik kiiltirii  kavrami ilk kez Cernobil’de
(Ukrayna) 1986 yilinda meydana gelen niikleer bir kaza
icin hazirlanan raporlarda bahsedilmistir. Ilerleyen
zamanlarda is kazalarinin dnlenmesi konusunda tizerinde
onemle durulan bir kavram olmustur [8]. Carroll (1998)
giivenlik kiiltiiriinii, “giivenlik hakkinda bireysel ve
orgiitsel tutumlar ile orgiitsel kararlar etkileyen, paylasilan
degerler, inanglar, varsayimlar ve normlardir” seklinde
tanimlarken [9] Cooper (2000) ise “biitiin orgiit iiyelerini
yonlendiren giinliik temelde giivenligi arttirmaya yonelik
ilgi ve eylemleriyle ilgili gorliniir ¢abalarin seviyesidir”
seklinde ifade etmistir [10]. Isyerlerinde is sagligi ve
giivenligi faaliyetlerinde ¢alisanlarin is kazasi ile meslek
hastaligin1 6nlemede is giivenligi boyutunu kiiltiirel olarak
igsveren ve calisan ile beraber yerlesik hale getirmenin
temel adimi giivenlik kiiltiiriidiir. Calisan, igveren ve
igletme bu kiiltiiriin birer 6znesidir. Birbirleri ile etkilesimli

ve sistematik bir uyum ile baglanti kurulursa her bir 6zne
yapmast gerekeni saglikli ve giivenlikli olarak yiiriitebilir
[11].

Giivenlik kiiltiirii ile ilgili hem teorik hem de uygulama
diizeyinde bir¢ok ¢alisma yapilmistir. Yapilan ¢aligmalar
giivenlik kiiltiiriiniin saglikli ve giivenli bir ¢aligma ¢evresi
olusturulmasinda 6nemli bir faktor oldugunu gostermistir
[8, 12-18]. Giivenlik kiiltiirii kavrami, kaza olusumlarini ve
buna bagli olarak is yaralanmalarini azaltma {izerindeki
olumlu etkileri nedeniyle gerekliligi uzmanlar tarafindan
kabul edilmektedir [17].

Insaat sektorii, giivenlik ve saglik acisindan elverissiz
kosullar altinda agik havada gergeklestirilmesi ve meydana
gelen kazalarin ¢ogunun tekrarlayan ve ciddi olmasi bu
sektoriin  benzersiz oldugunu  goéstermektedir [19].
Kazalara neden olan faktorler arasinda insan davranisi,
farkli tehlikeleri bir arada barindiran santiye alanlari, isin
zorluklari, gilivenlik kiiltlirliniin  diistik olmasi, saha
gozetmeninin olmayisi, makine ve ekipmanin giivenli
olmayan kullanimi ve c¢esitli calisma prosediirlerine
uyulmamasi sayilabilir. insaat sektorii makul ve verimli
giivenlik denetimi bulmaya caligsa da biiyiik 6lgiide
Onleyici olarak kullanilan sistemler kapsamli degildir ve
gercekten ihtiya¢ duyulan 6nleyici tedbirlerden yoksundur.
Bu nedenle, isverenlerin gilivenlik davranigina ve
nihayetinde giivenlik uyumluluguna yol agan daha
biitiinsel ~ taktik ve  yaklagimlari  benimsemeleri
gerekmektedir. Bagka bir deyisle, bu yaklasimlar sadece
fiziksel ¢aligma ortamini iyilestirmeye degil, ayn1 zamanda
calisanin is ile ilgili inang, tutum ve davranmiglarimi da
istendik yonde sekillendirmeye odaklanmalidir [20].
Giivenlik  kiiltiiri  olgunlugu, yaralanma ve Olim
oranlarmin istatistiksel olarak yiliksek oldugu ingaat gibi
sektorlerde giivenli olmayan davraniglarin 6nlenmesi igin
kritik O6neme sahiptir. Son yillarda, giivenlik kiiltiirii
kavrammin rolii ve giivenlik uygulamalar1 {izerindeki
etkisi, ingaat sektorii uzmanlari ve bu alanda galigan bilim
adamlarinin dikkatini ¢ekmistir [17].

Giivenlik alaninda ingaat giivenligi her zaman Kilit bir
konu olmustur ve insaat sektorli, tiim sektor
ortalamasindan siirekli olarak ¢ok daha yiiksek olan kaza
ve buna bagli olarak yaralanma ve 6liim oranlariyla en
tehlikeli endiistriyel sektorlerden biri olarak koétii bir iin
kazanmugtir [21]. Insaat sektoriinde saha giivenligini
arttirmak zor ve c¢ok boyutlu bir istir. Saha giivenligi
izerindeki etkiler birden fazla kaynaktan gelisir. Cogu
zaman, santiye giivenligi sorumlulugu yonetim tarafindan
santiye sefi/ustabagina devredilir [22]. Insaatlarda
giivenlik ve saglik programlarinin diizgiin bir sekilde
uygulanmasi i¢in saha gozetmenlerinin Onemine uzun
zamandir  dikkat ¢ekilmektedir [23]. 2012  Londra
Olimpiyatlar1 igin ylriitillen insaat projeleri sirasinda
yapilan aragtirmalarda, saha gézetmenlerinin yetkinliginin
etkili saha gilivenligi uygulamalarin1 gelistirdigi tespit
edilmigtir [24]. Lingard ve ark. (2012) Gst diizey
yoneticilere ve giivenlik yoneticilerine kiyasla saha
gozetmenlerinin giivenlik lizerinde 6nemli bir etkiye sahip
olma olasiligmin daha yiiksek oldugunu saptamislardir
[25]. Saha gozetmenleri, bir insaat organizasyonunun
hiyerargik seviyeleri arasinda ¢alisanlarla en sik iletisime
gecer ve bundan dolay1 ¢alisanlarin giivenlik performansi
iizerinde dogrudan etkiye sahiptir [26]. Buradan hareketle,
bu calismada insaat sektdriinde c¢alisanlarin giivenlik
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kiiltiri  diizeylerinin demografik &zelliklerinden ve
ingaatta gorevli saha gozetmenlerinden ne sekilde
etkilendiginin tespiti amaglanmustir.

2 Materyal ve Yontem
2.1 Aragtirmanin Sekli

Dursun (2011) tarafindan Tiirk¢e’ye uyarlanan sekiz
farkli olgekten olusan giivenlik kiiltiiri anket formu
kullanilmistir.  Nicel — veriler  betimsel — arastirma
kapsamindaki genel tarama modeli ile toplanmustir.

2.2 Aragtirmanin Evreni ve Orneklemi

Arastirmanin evrenini; Ankara, Istanbul, Agr1 ve Sivas
illerinde bulunan 5 farkli insaat firmalarindaki ¢aliganlar,
orneklemini ise basit 6rnekleme yontemiyle saptanan 130
¢alisan olusturmaktadir. Caligmamizda saha gdzetmeninin
calisanlarin giivenlik kiiltiiri tizerine etkisini belirlemek
icin Ankara ve Istanbul illerinde saha gézetmeni bulunan
orta Olgekli insaat firmalarindaki calisanlar ile saha
gbzetmeni bulunmayan Agri ve Sivas illerindeki orta
Olcekli  firmalardaki  calisanlar calisma  grubunu
olusturmustur. Insaat firmalari orta o6lcekli ve saha
gozetmeni istihdam edilip edilmeme faktorleri gbz Oniine
alinarak secilmistir.

2.3 Arastirma Verilerinin Toplanmasi ve Analizi

Calisanlarin giivenlik kiiltiirlinii tespit etmek i¢in farkl
alt boyutlar1 olan  farkli  6lgekler literatlirde
kullanilmaktadir. Calismamizda hem gecerliligi  ve
giivenirliligi yiiksek hem de yap1 sektdriine uygun
olmasindan dolay1r Dursun (2011) tarafindan uygulanan
Olgekler kullanilmistr.

Yonetim Baghhgi: Insaat sektdriinde yoneticilerin
calisanlarin giivenligine bagliligint degerlendirmek igin 8
madde ve 2 alt boyuttan (4 madde yoneticilerin tutumlar
ve 4 madde yoneticilerin davramislar) olusan Muniz ve
ark. (2007) tarafindan gelistirilen 6l¢ek kullanilmigtir [27].

Giivenlik Onceligi: insaat sektoriinde calisanlarmn is
giivenliginin tasidiglr énem diizeyini nasil algiladiklarin
degerlendirmek i¢in 4 maddeden olusan Cox ve Cheyne
(2000) tarafindan gelistirilen 6lgek kullanilmistir [28].

Giivenlik Tletisimi: Insaat sektoriinde calisanlarin
yonetim ile arasindaki iletisimi giivenlik agisindan
degerlendirmek i¢in 5 maddeden olusan Neal ve ark.
(2000) tarafindan gelistirilen 6lgek kullanilmigtir [29].

Giivenlik Egitimi: Insaat sektoriinde verilen giivenlik
egitimi ile ilgili calisanlarin algilarin1 degerlendirmek igin

4 maddeden olusan Neal ve ark. (2000) tarafindan
gelistirilen 6l¢ek kullanilmigtir [29].

Giivenlik Farkindahig ve Yetkinlik: Ingaat
sektoriinde ¢alisanlarin giivenlik farkindalig ile giivenlik
sorunlariyla baga ¢ikabilme yetkinligini degerlendirmek
icin 5 maddeden olusan Lin ve ark. (2008) tarafindan
gelistirilen 6l¢ek kullanilmigtir [30].

Calhsanlarin Katihmi: Insaat sektoriinde galisanlarin
giivenlik calismalarina katilimmi degerlendirmek igin 4
maddeden olusan Muniz ve ark. (2007) tarafindan
gelistirilen 6l¢ek kullanilmigtir [27].

Kadercilik: Insaat sektoriinde ¢alisanlarm i
kazalartyla ilgili kaderci inanislarini degerlendirmek igin
Rundmo ve Hale (1999) tarafindan gelistirilen ve Havold
ve Nesset (2009) ¢aligmasindan alinan 6 maddeden olusan
Olcek kullanilmugtir [31].

Raporlama Kiiltiirii: insaat sektoriinde calisanlarin
raporlama algilarint degerlendirmek i¢in Havold ve Nesset
(2009) tarafindan gelistirilen 5 maddeden olusan Slgek
kullanilmustir [31].

Ankara ve Istanbul illerindeki veriler insaat
firmalarinda gorevli is giivenligi uzmanlar1 vasitasiyla
uygulanan anket formuyla toplanmistir. Agr1 ve Sivas
illerinde ise arastirmaci tarafindan yine anket formu
doldurulmasi yontemiyle toplanmistir. Elde edilen 142
anket formundan 12’si eksik veri igerdigi i¢in kapsam
disinda birakilmis, 130 anket formu analiz edilmistir.

Arastirmada toplanan verilerin analiz edilmesi igin
IBM SPSS 22 paket programi kullanilmistir. Carpiklik ve
basiklik katsayilarinin +1, £1.5 ve +2 simurlar iginde 0’a
yakin olmasi normal dagilimin varligina kanit olarak
degerlendirilmektedir ~ [32-34].  Giivenlik  kiltiri
boyutlarinin carpiklik ve basiklik katsayilarinin  +1
araliginda  olmast  dlgeklerin normal  dagildigini
gostermektedir. Arastirma verileri degerlendirilirken iki
grup ortalamasinin karsilastiriimasinda bagimsiz 6rneklem
t testi, ikiden fazla grup ortalamasinin karsilagtirilmasinda
ise varyans analizi (ANOVA) kullanilmistir. Grup
ortalamalar arasinda farklilik bulundugunda bu farkliligin
hangi grup veya gruplardan kaynaklandigini belirlemek
icin Tukey testi yapilmustir.

Arastirmada giivenilirligi 6l¢gmek amaciyla Cronbach
Alfa katsayisina bakilmistir. Cronbach Alfa katsayist .70
ve iizeri olmast durumunda 6l¢eklerin giivenilirligi genel
olarak vyeterli kabul edilmektedir [35]. Tablo 1
incelendiginde giivenlik kiiltiirii 6lgeklerinin Cronbach
Alfa katsayis1 .70’den biiyiik olmasi kullanilan 6l¢eklerin
giivenilir oldugunu géstermektedir.

Tablo 1. Olgeklerin giivenirlik katsayilari

Boyut Madde Sayis1 C.Alph C.Alph*
Yoneticilerin Tutumlari 4 .92 .84
Yoneticilerin Davraniglari 4 .87 .90
Giivenlik Onceligi 4 .87 .76
Giivenlik Iletisimi 5 .89 .86
Giivenlik Egitimi 4 .84 .89
Giivenlik Farkindalig 5 .88 81
Calisanlarin Katilimt 4 .86 .80
Kadercilik 6 .87 .82
Raporlama Kiiltiirii 5 .88 .80

* Olgeklerin Tiirkge’ye uyarlandigindaki giivenirlik degerleridir.
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2.4 Arastirmanin Hipotezleri

Insaat sektoriinde calisanlarin giivenlik  kiiltiirii
diizeyleri sekiz hipotez lizerinden incelenmistir. Kurulan
hipotezler su sekildedir:

Hi:Saha gdzetmeni olan igyerlerindeki caliganlar ile
olmayan igyerlerindeki c¢alisanlarin giivenlik kiiltiirii
diizeyleri istatistiksel olarak farklidir.

H2: Calisanlarin medeni durumlarina gore giivenlik
kiiltiiri diizeyleri istatistiksel olarak farklidir.

Hs: Calisanlarin egitim diizeylerine gore giivenlik kiiltiirii
diizeyleri istatistiksel olarak farklidir.

Ha: Calisanlarin ig tecriibelerine gore giivenlik kiiltiirii
diizeyleri istatistiksel olarak farklidir.

Hs: Herhangi bir igyerinde is kazasina ugramis olan
calisanlar ile ugramamis olanlarin giivenlik kiiltiiri
diizeyleri istatistiksel olarak farklidir.

He: Calismakta olduklart isyerinde is kazasina ugramis
olan ¢aliganlar ile ugramamis olanlarin giivenlik kiiltiirii
diizeyleri istatistiksel olarak farklidir.

H7: Caligmakta olduklar igyerinde ramak kala kazaya
ugramis olan ¢alisanlar ile ugramamisg olanlarin giivenlik
kiiltiirii diizeyleri istatistiksel olarak farklidir.

Hs: Calisanlarin yaslarina gore giivenlik kiiltiirii diizeyleri
istatistiksel olarak farklidir.

3 Bulgular ve Tartigma

Insaat sektoriinde calisanlarin  giivenlik kiiltiirii
diizeylerinin, calisanlarin demografik (medeni durum,
yas, is tecriibesi, egitim diizeyi, i3 kazasi/ramak kala
kazaya maruz kalma vb.) ozellikleri ve igyerinde gorevli
saha gozetmenleri ile iliskisinin olup olmadig:
incelenmistir. Bu kapsamda, elde edilen bulgular ileri
siiriilen hipotezler dogrultusunda benzer c¢aligmalarla
kargilagtirilarak yorumlanmaistir.

Insaat sektoriinde calisanlarin giivenlik kiiltiirii
diizeylerinin calistif1 igyerinde saha gdzetmeninin
bulunup bulunmamasina gore farklilagip farklilasmadiginm
belirlemek i¢in yapilan analiz sonuglar1 Tablo 2’de
gosterilmistir.

Tablo 2. Saha gézetmeninin bulunup bulunmamasinin giivenlik kiiltiirii ile iligkisi

Boyut Saha Gozetmeni N X SS t p
Yoneticilerin Tutumlari \\(/c:: 22 éig 1-?088 -4.102 .000**
Yoneticilerin Davraniglar T/C;Ir( gg ggg 1"7061 -2.875 .005*
Giivenlik Onceligi \\(/er( gg 5}712 Zg -4.05 000%*
Giivenlik Tletisimi \\(/er( 22 g;g Sg -3.748 .000**
Giivenlik Egitimi \\(/er( gg 522 g? 4,308 000%*
Giivenlik Farkindaligi \\(/c:: 22 gz% g; -2.308 .023*
Calisanlarin Katilimi T/(;lr( gg :23(6); gg -2.274 .025*
Kadercilik \\(/‘;‘: 22 ggg Zé -1.07 287
Raporlama Kiiltiirii \\(/2': gg g:gg :gg -2.959 .004*

*p< .05; ** p< .001

Tablo 2 incelendiginde yoneticilerin tutumlari (t=-
4102, p<.001), yoneticilerin davranislar1 (t=-2.875,
p<.05), giivenlik onceligi (t=-4.05, p<.001), giivenlik
iletigimi (t=-3.748, p<.001), giivenlik egitimi (t=-4.308,
p<.001), givenlik farkindahigi (t=-2.308, p<.05),
calisanlarn  katilimi (t=-2.274, p<.05) ve raporlama
kiiltiiri (t=-2.959, p<.05) boyutlar1 agisindan ¢alisanlarin
giivenlik kiiltiirii diizeyleri, isyerinde saha gozetmenin

anlaml sekilde yiiksek oldugu goriilmiistiir. Kadercilik
boyutu agisindan ise igyerinde saha gozetmeni olup
olmamasi ile calisanlarin giivenlik kiiltiirii diizeyleri
arasinda anlamli bir farklilik olmadig1 saptanmistir
Caligmanin H; hipotezi kabul edilmistir. Calisanlarin
giivenlik kiiltliri diizeylerinin, igsyerinde saha gézetmeni
bulunup bulunmama degigkeni ile iligskisine baktigimizda,
kadercilik boyutu disindaki diger boyutlarda istatistiksel

olup olmamasma gore anlamli  bir sekilde olarak anlamli farkliliklar belirlenmisgtir (p<.05).
farklilagsmaktadir. Saha gdzetmeninin gorev yaptigi Insaat sektoriinde c¢alisanlarin  gilivenlik  kiiltiirii
igyerlerindeki ¢aliganlarin  giivenlik algisinin  saha diizeylerinde medeni durumlarima gore anlamh farklilik
gozetmeni olmayan isyerlerindeki c¢alisanlara gore bulunan boyutlar Tablo 3’te gosterilmistir.
Tablo 3. Caliganlarin medeni durumu ile giivenlik kiiltiirii iligkisi
Boyut Medeni Durum N X SS t p
. . - Evli 66 3.70 72 -
Giivenlik Farkindalig Bekar 64 397 103 2.729 .007
Evli 66 3.05 .83 -
Calisanlarin Katilimi Bekar 64 264 91 2.727 .007
e Evli 66 3.32 a7
Raporlama Kiiltiirii Bekar 64 295 1.06 2.277 .025*

*p< .05
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Giivenlik farkindaligi (t=2.729, p<.05), raporlama
kiiltird (t=2.277, p<.05) ve ¢alisanlarin katilimi (t=2.727,
p<.05) boyutlar1 agisindan evli ve bekar calisanlarda
istatistiksel olarak anlamli farklilik bulunmustur. Bu
boyutlarda evli ¢alisanlarin giivenlik kiiltiirii diizeyi bekar
calisanlardan anlamli sekilde daha yiiksek oldugu
goriilmiistiir. Diger boyutlar agisindan ise medeni durum
degiskenine gore anlamli bir farklilik saptanmamistir
(Tablo 3).

Calismanin ~ H»  hipotezi  giivenlik  kdiltiirii
boyutlarindan raporlama kiiltiirii, glivenlik farkindaligi ve
calisanlarin  katilimi boyutlar1 i¢in kabul edilmistir
(p<.05). Evli ve bekar ¢alisanlarda giivenlik kiiltiiriiniin

bu boyutlarinda istatistiksel olarak anlamh fark
mevcuttur. Yilmaz ve Yilmaz (2017) tarafindan yapilan
caligsmada da kadercilik ve giivenlik iletisimi boyutlarinda
medeni duruma gore anlamli bir farklilik tespit edilmistir
[36]. Demirbilek (2005), Dursun (2011) ve Akdeniz
(2018) tarafindan yapilan caligmalarda ise giivenlik
kiiltiiriiniin hi¢bir boyutunda medeni duruma gore anlamli
bir farklilik saptanmamustir [8, 18, 37].

Insaat sektdriinde ¢alisanlarin egitim diizeylerine gore
giivenlik kiiltiirii boyutlarinda anlamli bir farkliligin
bulunup bulunmadigina iligkin ANOVA test sonuglari
Tablo 4’te gosterilmistir.

Tablo 4. Caliganlarin egitim diizeyi ile giivenlik kiiltiirii iliskisi

Boyut Egitim Diizeyi N X SS sd F p Anlamh Fark***
Okuryazar Degil 10 2.70 1.14 . .
flkokul 20 243 94 Universite-Okuryazar degil
T Universite-Ilkokul
Yoneticilerin Tutumlari Ortaokul 22 2.90 1.20 129  6.897  .000** Pag .
- Universite-Ortaokul
_ Lise 35 2.87 95 Universite-Lise
Universite 43 3.64 .80
Okuryazar Degil 10 2.83 1.08
Tlkokul 20 2.64 81
Yoneticilerin Davraniglari Ortaokul 22 3.26 1.16 129 2584 .040* Universite-ilkokul
Lise 35 3.07 74
Universite 43 3.35 .85
Okuryazar Degil 10 2.58 1.24
Tlkokul 20 2.59 .96
Giivenlik Onceligi Ortaokul 22 3.18 1.13 129  3.622 .008* Universite-ilkokul
Lise 35 3.14 .84
Universite 43 3.42 79
Okuryazar Degil 10 2.70 .98
Tlkokul 20 243 .93
Giivenlik letisimi Ortaokul 22 2.94 .97 129  4.023 .004* Universite-ilkokul
Lise 35 3.01 .70
Universite 43 3.30 .80
Okuryazar Degil 10 2.93 1.09
Tlkokul 20 2.49 .93
Giivenlik Egitimi Ortaokul 22 2.95 105 129 3374  .012* Universite-flkokul
Lise 35 2.94 81
Universite 43 3.35 .79
Okuryazar Degil 10 3.80 .65
Tlkokul 20 2.86 .98
Giivenlik Farkindahigt Ortaokul 22 3.48 105 129 3645  .008* Universite-flkokul
Lise 35 3.48 .88
Universite 43 3.72 77
Okuryazar Degil 10 3.10 74
Tlkokul 20 2.46 77
Caliganlarin Katilim Ortaokul 22 2.77 .99 129 2184 .075
Lise 35 2.74 74
Universite 43 3.09 .98
Okuryazar Degil 10 2.55 111
Tlkokul 20 2.03 77
Kadercilik Ortaokul 22 2.48 .87 129  1.257 .290
Lise 35 2.39 .80
Universite 43 2.55 1.02
Okur-yazar degil 10 3.36 .79
Tlkokul 20 244 .95
Raporlama Kiiltiirii Ortaokul 22 3.11 105 129 4507  .002* Universite-Tlkokul
Lise 35 311 .84
Universite 43 3.45 .83
*p< .05 ** p< .001; ***Tukey
Tablo 4 incelendiginde giivenlik kiiltiirliniin istatistiksel olarak anlaml farkliliklar saptanmistir. Farki

yoneticilerin tutumlar1 (F=6.897, p<.001), yoneticilerin
davramiglart  (F=2.584, p<.05), giivenlik Onceligi
(F=3.622, p<.05), giivenlik iletisgimi (F=4.023, p<.05),
giivenlik egitimi (F=3.374, p<.05), giivenlik farkindalig:
(F=3.645, p<.05) ve raporlama kiiltiirii (F=4.507, p<.05)
boyutlar1 ile c¢alisanlarin egitim diizeyleri arasinda

belirlemek tizere uygulanan Tukey testi sonucunda,
iiniversite mezunu ¢aliganlarin giivenlik kiiltiirii diizeyi,
ilkokul mezunu ¢alisanlarin glivenlik kiiltiirii diizeyinden
anlamh sekilde daha yiiksek oldugu gorilmistiir.
Calisanlarin katilim1 ve kadercilik boyutlarinda ise egitim
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degiskenine gore anlamli bir farklilk olmadig:
saptanmuigtir.

Calismanin H3 hipotezi kabul edilmistir. Caliganlarin
egitim diizeyi ile giivenlik kiiltiirii diizeyleri arasinda
istatistiksel anlamda fark 6ngoren bu hipotez giivenlik
onceligi, giivenlik egitimi, giivenlik iletigimi, raporlama
kiiltiirti, giivenlik farkindaligi, yoneticilerin tutumlar1 ve
yoneticilerin davranislar1 boyutlar1 agisindan kabul
edilmistir (p<.05). Universite mezunu calisanlarin
giivenlik kiiltliri diizeyi, ilkokul mezunu calisanlarin
giivenlik kiiltlirli diizeyinden anlamli sekilde daha yiiksek
oldugu gorilmiistir. Buradan hareketle c¢alisanlarin
egitim diizeyi arttik¢a daha olumlu bir giivenlik kiiltiirti
diizeyine ulastiklar1  sOylenebilir.  Diger taraftan
calisanlarin katilimi ve kadercilik boyutlarinda egitim ile
anlaml bir iligki saptanmamustir (p>.05). Dursun (2011)
tarafindan yapilan c¢alismada giivenlik farkindaligi ve
calisanlarin katilimi boyutlar: haricindeki tiim giivenlik

kiiltiriic  boyutlarinda anlamli fark saptanmustir [8].
Yapilan arastirmadan elde edilen bulgularin tersine
Akdeniz (2018), calisanlarin katilimi1  ve kadercilik
boyutlarinda egitim ile anlamli bir iligki tespit etmistir
[18]. Yilmaz ve Yilmaz (2017) ise egitim ile sadece
kaderecilik ve raporlama kiiltiirii boyutlar1 arasinda anlamli
bir fark oldugunu belirlemistir [36]. Demirbilek (2005),
Gyekye ve Salminen (2009), Sonderstrap-Andersen ve
ark. (2011), Tiiziiner ve Ozaslan (2011), Kalaycioglu
(2019) tarafindan yapilan calismalarda [37-41] giivenlik
kiiltiiriiniin en az bir alt boyutunda egitim ile anlamli bir
iliski bulunurken Hahn ve Murphy (2008) ve Garcia ve
ark. (2004) tarafindan yapilan ¢alismalarda [42, 43] ise
giivenlik kiiltlirii boyutlari ile egitim arasinda anlamli bir
iligki saptanmamustir.

Insaat sektoriinde calisanlarin  giivenlik kiiltiirii
diizeylerinde 1is tecriibelerine gore anlamli farklilik
bulunan boyutlar Tablo 5’te gosterilmistir.

Tablo 5. Calisanlarin is tecriibeleri ile giivenlik kiiltiirii iligkisi

Boyut Is Tecriibesi N X SS sd F p Anlamh Fark**
0-5 yil 32 2.70 1.03
Kadercilik 6-10 y1l 24 2.60 .95 129 4.135 .018* 0-5 y1l-10 yil {izeri
10 yil tizeri 74 2.22 .81

*p< .05; **Tukey

Kadercilik (F=4.135, p<.05) boyutunda calisanlarin
giivenlik kiiltiirii diizeyi ig tecriibelerine gore istatistiksel
olarak anlamli farklilagtig1 saptanmugtir. Bu boyutta 0-5
yil tecriibeye sahip ¢aliganlarin kadercilik algilar1 10 yil
iizeri ¢aliganlardan anlamli gekilde daha yiiksek oldugu
goriilmiistiir (Tablo 5). Diger boyutlar agisindan ise is
tecriibesi degiskenine gore anlamli bir farklilik olmadig
saptanmuigtir.

Calismanin ~ Hs  hipotezi  giivenlik  kiiltiirii
boyutlarindan yalnizca kadercilik boyutu igin kabul
edilmistir (p<.05). 0-5 yil tecriibeye sahip calisanlarin
kadercilik algilar1 10 yil iizeri g¢alisanlardan anlaml
sekilde daha yiiksek oldugu goriilmiistiir. Benzer sekilde
Cooper ve Philips (2004), Demirbilek (2005), Lin ve ark.

(2008), Vinodkumar ve Bhasi (2008), Altinel (2009),
Dursun (2011), Y1lmaz ve Yilmaz (2017), Akdeniz (2018)
tarafindan yapilan ¢alismalarda [8, 18, 30, 36, 37, 44-46]
giivenlik kiiltiirliniin en az bir alt boyutunda is tecriibesi
ile anlamli bir fark tespit edilirken, Wu ve ark. (2007) ve
Hayes ve ark. (1998) tarafindan yapilan ¢alismalarda [47,
48] ise, 1is tecriibesine gore anlamli bir farklilik
saptanmamigtir.

Insaat sektoriinde galisanlarin calisma hayatinda is
kazasina ugrama durumlarma gore giivenlik kiiltiiri
boyutlarinda  anlamli  bir  farkliligin ~ bulunup
bulunmadigina iligkin t testi sonuglart Tablo 6’da
gosterilmistir.

Tablo 6. Caligma hayatinda is kazasina ugrayip ugramama ile giivenlik kiiltiirii iligkisi

Boyut is Kazasina Ugrama Durumu N X SS t p

Yoneticilerin Tutumlart IE:;fr gi :23(23? 18(2) -3.358 .001*
Yoneticilerin Davranislari IE:;ltr gi égg gg -2.562 .012*
Giivenlik Onceligi IE;’;fr gi é:gi :gg -2.573 011*
Giivenlik [letisimi IE;/;tr o o o 1698 092
Giivenlik Egitimi 5;’;& gi é}g 1.3060 -2.086 039*
Giivenlik Farkindalig IE;/}?;[r gi ggg 18(114 -.865 .389
Calisanlarin Katilimu l—li\i/;tr gi ;82 Zi -2.248 .026*
Kadercilik 5;’;& Y oz o 077
Raporlama Kiiltiirii IE;’;’ltr gi égé 1_5082 2,007 047*

*p<.05

Tablo 6 incelendiginde ¢alisma hayatinda is kazasina
ugramayan c¢alisanlarin  giivenlik  kiiltiiric  diizeyi,

yoneticilerin tutumlar1 (t=-3.358, p<.05), yoneticilerin
davraniglart (t=-2.562, p<.05), giivenlik onceligi (t=-
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2.573, p<.05), givenlik egitimi (t=-2.086, p<.05),
caliganlarm katithm (t=-2.248, p<.05) ve raporlama
kiiltiird (t=-2.007, p<.05) boyutlar1 agisindan is kazasina
ugrayan calisanlardan istatistiksel olarak anlamli sekilde
daha yiiksek oldugu gorilmistiir. Giivenlik iletigimi,
giivenlik farkindalig1 ve kadercilik boyutlar1 agisindan ise
calisma hayatinda is kazasina ugrayip ugramamalari ile
giivenlik kiiltiirii diizeyleri arasinda anlamli bir farklilik
olmadig: tespit edilmistir.

Calismanin Hs hipotezi giivenlik iletisimi, giivenlik
farkindaligi ve kadercilik boyutlar1 disindaki diger
giivenlik kiiltiirii boyutlart i¢in kabul edilmigtir (p<.05).
Calisma hayatinda is kazasina ugramayan caligsanlarin
giivenlik kiiltiiriiniin bu boyutlarindaki alg1 diizeyi is

kazasina ugrayan calisanlardan anlamli gekilde daha
yiiksek oldugu goriilmiistiir. Benzer sekilde Demirbilek
(2005) ve Dursun (2011) tarafindan yapilan ¢aligmalarda
da caligma hayatinda is kazasina ugrayip ugramamalari ile
giivenlik kiiltiiriiniin bazi boyutlarinda anlamli farklilik
tespit etmislerdir [8, 37]. Akdeniz (2018) ise ¢alisanlarin
calisma hayatinda is kazasina ugrayip ugramamalari ile
giivenlik kiiltiirii diizeyleri arasinda anlamli bir farklilik
bulunmadigini tespit etmistir [18].

Insaat sektoriinde calisanlarin  giivenlik kiiltiirii
diizeylerinde isyerinde is kazasina ve ramak kala kazaya
ugrama durumlarina goére anlamli farklihik bulunan
boyutlar Tablo 7°de gosterilmistir.

Tablo 7. isyerinde is kazasina ve ramak kala kazaya ugrayip ugramama ile giivenlik kiiltiirii iligkisi

Boyut Ugr&ijnl;zgzilumu N X SS t P
Yoneticilerin Tutumlari IE:;tr 12037 gié 182 -2.720 .007*
Raporlama Kiiltiirii IE:;fr 12037 g;g gi -2.230 .027*
Boyut Ramak Kala Kazaya Ugrama Durumu N X SS t p
Yoneticilerin Davranislar IE:;tr ?g ggg gi -2.435 .016*

*p< .05

Isyerlerinde is kazasina ugramayan calisanlarin
giivenlik kiiltiirii diizeyi, yoneticilerin tutumlar (t=-2.720,
p<.05) ve raporlama kiiltiirii (t=-2.230, p<.05) boyutlar
agisindan is kazasina ugrayan galisanlardan istatistiksel
olarak anlamli sekilde daha yiiksek oldugu goriilmistiir
(Tablo 7). Diger boyutlar agisindan ise calisanlarin
isyerinde is kazasina ugrayip ugramamalar ile giivenlik
kiltirih  diizeyleri arasinda anlamli  bir farklilik
bulunmadig tespit edilmistir.

Calismanin Hs hipotezi yoneticilerin tutumlar1 ve
raporlama kiiltiirii boyutlar igin kabul edilmistir (p<.05).
Isyerlerinde is kazasina ugramayan calisanlarin giivenlik
kiiltiiriiniin bu boyutlarindaki alg1 diizeyi is kazasina
ugrayan ¢aliganlardan anlamli sekilde daha yiiksek oldugu
goriilmiistiir. Dursun (2011) tarafindan yapilan ¢calismada
da giivenlik kiiltiiriiniin baz1 boyutlarinda anlamli farklilik
tespit edilmistir [8]. Akdeniz (2018) ise isyerinde is
kazasina ugraylp ugramamalar1 ile giivenlik kiltird
diizeyleri arasinda anlaml bir farklilik bulunmadig: tespit
edilmigtir [18].

Isyerinde ramak kala kazaya maruz kalmayan
calisanlarin  giivenlik  kiiltiirii  diizeyi, yOneticilerin
davranislar1 (t=-2.435, p<.05) boyutu agisindan ramak
kala kazaya maruz kalan ¢aliganlardan istatistiksel olarak
anlamli sekilde daha yiiksek oldugu tespit edilmistir
(Tablo 7). Diger boyutlar agisindan ise ¢alisanlarin
isyerinde ramak kala kazaya ugrayip ugramamalari ile
giivenlik kiiltiirii diizeyleri arasinda anlamli bir farklilik
bulunmadig tespit edilmistir.

Calismanin =~ H;  hipotezi  giivenlik  kdiltiirii
boyutlarindan yalnizca yoneticilerin davraniglari boyutu
icin kabul edilmistir (p<.05). Yoneticilerin davranislari
konusunda isyerinde ramak kala kazaya maruz kalmayan
calisanlarin, maruz kalan galiganlardan anlamli sekilde
daha yiikksek oldugu goriilmiistir. Akdeniz (2018)
tarafindan yapilan calismada ise ¢alisanlarin igyerinde
ramak kala kazaya ugrayip ugramamalan ile giivenlik

kdiltiirii diizeyleri arasinda istatistiksel olarak anlamli bir
farklilik bulunmadig tespit edilmistir [18].

Calismanin Hg hipotezi kabul edilmemistir. Baska bir
ifadeyle ¢alisanlarin yaslariyla giivenlik kiiltiirii boyutlar
arasinda istatistiksel olarak anlamli fark olmadig: tespit
edilmistir (p>.05). Benzer sekilde Ozkan ve Arpat (2017),
Kalaycioglu (2019) da giivenlik kiiltiirii boyutlarinda yas
degiskenine gbre anlamli bir farklilik bulamamustir [41,
49]. Akdeniz (2018) tarafindan yapilan caligmada ise
giivenlik kiiltiirii  boyutlarindan yalnizca c¢alisanlarin
katilim1 boyutunda anlaml1 bir iligki saptanmustir [18].

4 Sonug

Diinyada insaat sektoriinde saglikli ve giivenli bir
calisma ortaminin olusturulmasinda giivenlik kiiltiirii
bliyik O6nem arz etmektedir. Tirkiye’deki insaat
sektoriinde de saglikli ve giivenli ¢alisma ortamlariin
olusturulmasma katki saglamak amaciyla planlanan bu
calismada, ingaat calisanlarinin giivenlik kiiltiiriiniin
demografik degiskenler ve igyerinde c¢aligan saha
gozetmenleri ile olan iligkisi incelenmistir.

Saha gozetmeninin gorev yaptigi isyerlerindeki
calisanlarin giivenlik algis1 saha go6zetmeni olmayan
igyerlerindeki caliganlara gore anlamli sekilde yiiksek
oldugu goriilmiigtiir. Calisanlarin medeni durumlarina
gore yapilan analizde raporlama kiiltiirii, giivenlik
farkindalig1 ve ¢alisanlarin katilimi1 boyutlarinda evli olan
caliganlarin  giivenlik  kiiltiirii  diizeyi, bekar olan
calisanlarin giivenlik kiiltiirli diizeyinden anlamli sekilde
daha yiiksek oldugu goriilmiistiir. Calisanlarin egitim
diizeyi ile gilivenlik kiltirii iligkisi incelendiginde
kadercilik boyutu haricindeki tiim giivenlik kiltiiri
boyutlar1 agisindan anlamli fark saptanmistir. Egitim
diizeyi arttikca calisanlarin daha olumlu bir giivenlik
kiiltiirii algisina ulastiklar tespit edilmistir. Calisanlarin is
tecriibeleri agisindan bakildiginda, 0-5 yil tecriibeye sahip
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calisanlarin  kadercilik  algilarimin = 10 y1l  {izeri
calisanlardan anlamli sekilde daha yiiksek oldugu
goriilmistiir. Glivenlik kiiltlirliniin bazi boyutlarinda da
igyerinde is kazasina veya ramak kala kazaya maruz
kalmayan ¢aliganlarin, maruz kalan ¢alisanlardan anlaml
sekilde daha yiiksek oldugu gorilmiistiir. Arastirmada
giivenlik kiiltiirii boyutlar: ile yas arasinda anlamli bir
iliski saptanmamustir.

Insaat sektoriindeki is kazalarmin nedenlerinden biri
yeterli seviyede giivenlik kiiltiiriiniin yerlesmemesidir.
Egitim diizeyinin is kazalarmin giivenlik kiiltlri ile
arasindaki iligkide onemli bir faktor olmasi dikkate
alindiginda egitim diizeyi yiiksek g¢alisanlarim istihdam
edilmesi  gerekmektedir.  Egitim  faaliyetlerinin
arttirilmasi,  yonetimin  tutum ve davramslarinin
gelistirilmesi, kadercilik anlayiginin ortadan kaldirilmasi,
farkindaligi ve yetkinligi artirici tedbirlerin alinmasi,
calisanlarin giivenlige aktif katiliminin saglanmasi, etkili
iletisimin kurulmas1 ve gii¢lii bir raporlama sistemi
olusturularak raporlama kiiltiiriiniin  gelistirilmesi is
kazalarinin azaltilmasina katk1 saglayacagi
diistiniilmektedir. Ayrica belli sayidaki igyerlerinde saha
gozetmenlerinin (is giivenligi uzmanlari ya da is sagligi ve
giivenligi teknikerleri) istihndam edilmesi de is kazalarinin
azaltilmasina katki saglayabilir.
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Abstract

Original scientific paper

The results of an experimental study on the thermal and mechanical properties of concretes using porous aggregates instead of conventional
aggregates are presented in this study. Oriented at this purpose, eleven concrete samples containing organic sediment stones, volcanic
stones and artificial porous aggregates were prepared as porous aggregates. The concrete samples were subjected to certain tests at the end
of 28 days of drying period and their thermal and mechanical properties were determined accordingly. With this study, the following values
were obtained: i) The lowest heat transfer coefficient for concrete with expanded polystyrene aggregates from the group of artificial porous
aggregates: 0.175 W/mK, ii) The highest compressive strength value is basalt-type stone (Karaca dag) from the group of volcanic stones:
117 MPa.

Keywords: Porous aggregates, concrete, building stones, artificial porous aggregates

GOZENEKLi AGREGALI BETONLARIN ISIL VE MEKANIK OZELLIKLERI

Ozet
Orijinal bilimsel makale

Bu ¢aligmada, gelencksel agrega yerine gézenekli agrega kullanilan betonlarin 1s1l ve mekanik 6zellikleri tizerine yapilan deneysel bir
¢aligmanin sonuglan sunulmustur. Bu amagla gozenekli agrega olarak organik sediment taslar, volkanik taglar ve yapay gozenekli agregalar
ihtiva eden on bir adet beton numuneler hazirlanmistir. Beton numuneler, 28 giinliik kuruma sureci sonunda bazi testlere tabi tutularak 1sil
ve mekanik ozellikleri belirlenmistir. Bu ¢alisma ile i) en diisiik 1s1 iletim katsayisi, yapay gbzenekli agregalar gurubundan genlesmis
polistiren agregali beton 0.175 W/mK olarak, ii) en yiiksek basma gerilmesi degeri volkanik taglar gurubundan basalt-type stone (Karaca

dag) 117 MPa olarak belirlenmistir

Anahtar Kelimeler: Gozenekli agregalar, beton, yapi taslar, yapay gézenekli agregalar

1 Introduction

The unit volume weight of conventional concrete used
in reinforced concrete constructions is not ideal due to the
fact that it increases the self-weight of the building. Based
on this reason, the lightweight concrete production efforts
have recently been increased in order to solve such
problems as reducing the unit weight of concrete and
providing its reliability against earthquake and fire, as well
as heat and sound insulation [1]. Today, as one of the most
important construction material in residential construction,
lightweight concrete is produced through a number of
methods, but most of these methods cannot ensure to
achieve the intended economic conditions. This type of
concrete can be produced using porous and low density
aggregates. Instead of normal concrete aggregate, it can be
quite desirable to produce lightweight concrete by means
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of utilizing the natural lightweight aggregate that is present
in the regions. Since the production of natural light
adhesives does not require any technology or fabrication,
the costs are low, while on the other hand the concrete to
be produced with these materials is cheaper [2].

Porous aggregates can be divided into two groups as
natural and artificial aggregates. Examples of natural
aggregates include the following; organic sediment stones,
volcanic stones (andesite tuff, ignimbrite, pumice ect). For
artificial ones, the following units can be shown as
examples: expanded polystyrene (EPS), expanded clay
(EC), expanded perlite (EP). Studies on the subject can be
summarized in two groups. The first group, certain studies
on the evaluation of porous stone organic sediment stones
and volcanic stones as building materials were carried out.
The example studies carried out in this context can be
shown as follows:
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Bicer [3 and 4] experimentally determined the thermal
and mechanical properties of local porous stones. Also,
Gevrek and Kazanci, [5], ignimbrite formation, Kazanci
and Gurbuz, [6], the geological formation of the natural
stone of Turkey; Pivko, the historical formation of stones
in the world [7]. In addition, Akill, [8], carried out studies
on the factors that cause the destruction of stone artifacts.
Gurdal, [9], carried out researches on the deterioration and
protection of natural stones used in monuments and
buildings. The studies conducted by Akin et al., [10],
within the scope of "the sensitivity of Ahlat Stone under
atmospheric effects" can be shown as an example in this
context. Bicer and Celik [11], Akpinar and Kocyigit [12],
also studied the thermal and mechanical properties of
pumice aggregate low density concrete on an experimental
basis.

In the second group, certain studies on the evaluation
of artificial porous aggregates as building materials were
carried out. To give an example on these studies, Kaya and
Kar [13] tried to reduce the thermal conductivity
coefficients by creating artificial pores in the cemented
parts of the concrete structure by adding resin to EPS
aggregate concretes. Xue et al [14], Gnip et al [15],
Demirboga and Kan [16] can be cited as examples of
studies on the reuse of waste EPS for thermal recycling in
a modified form and its physical properties. Devecioglu
and Bicer [17], Bouvard et al [18] and Chen and Liu [19]
studied on thermal and mechanical properties of concrete
with expanded clay aggregate Bartolini et al [20] mixed the
expanded clays and epoxy resin which was used as a
binder. Rossignolo et al [21] studied production of sturdy
prefabricated constructional components by means of
using the expanded clay aggregates, Vasina et al [22]
mixed expanded clays of various diameters with cement,
fuel ash and plasticizer additive, while also carrying out a
research on the acoustics performance of the samples.
Onuralp et al [23] Topcu and Isikdag [24] carried out
studies on the properties of expanded perlite aggregate
concretes.

In this study, organic sediment stones (Sanliurfa,
Midyat, Mardin, and Nemrut stones), volcanic stones
(Basalt-type stone, (Karacadag), andesite tuff (Malazgirt
stone, Ahlat stone and pumice)) and the thermal and
mechanical properties of eleven different low density
concrete produced by using EPS, EC, EP from artificial
porous aggregates have been subjected to analysis. The
results of this study will assist in the selection of aggregates
for iso-concrete type production in buildings.

2 Materials and Methods
2.1 Materials

Three groups of aggregates were used as porous
aggregates, organic sediment stones, volcanic stones and
artificial porous aggregates in the study.
2.1.1 Organic Sediment Stone

The common characteristics of such stones can be
summarized as follows: having whitish or yellowish

colors, having large reserves in their regions, being easy to
process and shape due to the moisture in the body when

they are removed from the furnace, getting hardened at a
level of 3-4 mohs due to the removal of moisture in the
internal structure within a few days. Sanlurfa stone,
Midyat stone, Mardin stone and Nemrut stone can be
shown as the examples for this type of rock.

Sanhurfa stone has been used for construction of
masonries in particular within the region for many years.
Having large amounts of reserves, these stones after being
taken out of the query, it can be easily formed and
processed compared to other stone structures (Fig. 1-a).

Midyat stone: A great deal of stones are present in the
rich seams near Keferhuvvar village of Estel region in
Midyat town of Mardin. The seams are 10 km far from
Midyat and 6 km from Estel. Travvelling between region
in Midyat and Estel is very easy. But the road between
Estel and the seam is not surfaced. The stones are being
used in the region extensively as building material. Their
withdrawing are easy and water contentshigh [3].

Mardin stone is obtained from Kabala region of
Mardin province. The seam is 2 km far from city center and
near the road. It can be shaped easily without damage. It
has a yellowish and whitish color and with a hardness level
of 3-4 mohs [3].

Nemrut stone, is located in Kahta Country of
Adiyaman. Categorized under organic sedimentary stone,
it has a yellowish and whitish color. With a hardness level
of 3-4 mohs, it can be processed in terms of its physical
properties. Unless it loses the moisture within after being
removed from the quarry and it is exposed to chemical
impact of the outer environment for a long this, this stone
can be conveniently shaped and processed [4].

2.1.2 Volcanic Stones

The common feature of these stones is that they are
colored. In basalt type, black pores are larger and very hard
(6-7 mohs). Karacadag Mountain can be given as an
example for this group (obtained in the Karaca Mountain
from the southeast of Turkey) (Fig. 1-b).

Another group is the andesite tuffs. The common
features of these stones are that they are in red, black and
gray colors, they are easy to work with, while having the
same the degree of shaliness is 1-2 mohs, and their
structure is in layers. This group can be given as examples
of Ahlat and Malazgirt stones (These stones were obtained
in the foothills of Mount Nemrut and Suphan in the east of
Turkey) (Fig. 1-b) [2].

Pumice is a glassy volcanic rock with a high porosity.
Construction industries consume the highest on the pumice
production. Insulation of heat and sound, fire resistance
and ease of cutting, shaping and nailing can be stated as the
advantages of this [11, 12] (Fig 1-c)

2.1.3 Artificial Porous Aggregates

Expanded polystyrene (EPS): It is a 98 per cent air-
consisting material, and the rest is polystyrene [13-16]. The
block EPS obtained from the EPS manufacturing facility is
used for the production of samples at the same factory's
disintegration unit according to particle diameters of 2—4
mm (Fig 1-d).

The expanded clays (EC) are artificial materials, and
in no expanded form can they be found in nature. Not every
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clay that can be found in nature expands. Early sintering
clay, sand clay and clay schist are the raw materials used
for producing growing clays [17-23]. Expanded clays are
immediately processed in rotary furnaces heated to over
1000 °C at high temperatures. Following the process, their
volumes increase and a sintered hard crust develops on the
outside surface and a porous layer develops within (Fig 1-
e).

Expanded perlite (EP) is a porous, low-density, pearly-
luster acidic, volcanic rock, generally obtained by means
of expanding raw perlite, while also being instantaneously
heated up to temperatures between 750-1100 °C. Once the
raw perlite particle is expanded, it increases approximately
10-30 times in volume and the thermal conductivity
coefficient becomes 0.04-0.055 W/mK. The perlite is used
as aggregate in plaster for thermal insulation in the
construction industry, as an insulation blanket in packs or
in the form of plates. (Fig 1-f) [24]. The aggregates
components are given in Table 1.

Fig. 1. View of porous materials; a) and b) stones, ¢) pumice, d) EPS, €)
EC ) EP

2.1.4 Concretes Containing Porous Aggregates

The aggregate size of the concretes produced by means
of mixing the examined aggregates with cement binder was
used as 2-4 mm, where the mixing ratios 60% aggregate
and 40% cement, while the use of water/cement=0.5 of
was kept constant. The density, thermal conductivity and
compressive strength values of the prepared concrete
samples were determined accordingly after 28 days of
drying period.

2.2 Testing Methods

In order to measure the thermal conductivities of the
specimens, a Shotherm-QTM unit (Showa Denko),
operating based on the DIN 51046 hot wire methodology.
Its range and sensitivity were 0.02-6.00 W/mK with + 5 %
precision respectively [25]. The measurements on three
locations of each sample block were repeated three times
to reflect the average of nine values. The temperature was
between 22°C and 25°C during measurement (Fig.2).

Fig. 2. Shotherm-QTM unit

Compressive strength tests were carried out on the
samples in accordance with TS 699 standard [26, 27].
Compressive strength tests for the samples were carried out
with Ele International branded device, bearing the
following features: 3000 kN loading capacity; digital
control panel; adjustable loading rate; applying uniaxial
force (Fig.3).

Fig. 3. Compressive strength tests unit

Eqg.1 was applied to the aggregates, and the calculated
porosity values are given in Table 2 as a whole.

Pporous ageregate
p'pufruu-a aggragats matrix

+=1- ®

The aim of water absorption ratio (WAR) is to
investigate the maximum amount of water absorption of
samples. This property is important in determining the
suitability of this material against freezing hazards. The
critical amount of moisture is 30 percent of the total dry
volume, below which the material doesn't deform on
freezing [13]. The experiments were performed according
to the BS 812. Part 2 standard [28]. Specimen’s dry (Wd),
and wet weights (WKk) are necessary to calculate water
absorption ratios. Water absorption rates (WAR) were
calculated by using Eq. 2 and are shown in Table 3.

WAR = {[Wg-W /W }.100 2

The thermal and mechanical properties determined
following the tests and calculations made on porous
aggregates and concrete samples produced with these
aggregates can be seen in Table 2 and Table 3.

3 Results and Discussions
3.1 Organic Sediment Stones
Among the aggregates of this group, Mardin stone has

the lowest value as density (1.35 g/cm®) and thermal
conductivity coefficient, which is 0.58 W/mK). However,
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the values of Midyat and Nemrut stones are close to Mardin
stone. Within this group, Sanliurfa stone density (2.19
g/cm®) and thermal conductivity (1.28 W/mK) have the
highest values. The porosity (19.02% and 18.52%) and
compressive strength values (10.2 MPa and 24 MPa) of
Nemrut and Sanlmrfa stones are higher than those of
Midyat and Mardin stones (Table 2), (Fig. 4). Sanlurfa
stone was determined to have the highest compressive
strength value, while Mardin stone has the smallest one.

The water absorption rates were found to be below
30% in all the stones subjected to analysis. Therefore, there
is no risk of decomposition and dispersion at temperatures
below 0°C.

Orzanic sediment stones
u Sanliurfa stone m Midyat stone m Mardin stone B Nemrur stone

3
‘2.5
2
v
R
=2 1.5
=
Z1
0.5
0
Density Porosity (1/10)  Thermal Compressive Water
(g":n:ls} (%) conduectivity strength absorption

(W/mK) (110, P} (1/10), (%)
Fig. 4. Some physical properties of organic sediment stones

3.2 Volcanic Stones

From this group of aggregates, Pumice, Malazgirt and
Abhlat stones’ density values (0.82 g/cm?, 0.88 g/cm? and
1.18 g/lcm?®, respectively) and thermal conductivity values
(0.255 W/mK, 0.288 W/mK and 0.312 W/mK) are
considerably lower than the organic sediment stones (Table
2), (Fig. 5). In this group, the highest density and thermal
conductivity coefficient (2.89 g / cm® and 1.51 W/mK)
belong to Karacadag stone. In the compressive strength
values, Karacadag stone has the highest value (105 MPa),
while pumice has the lowest (5.23 MPa). The porosity of
this aggregate group is higher than organic sediment
stones. Volcanic stones water absorption rates are below
30% of the critical value.

Volcanic stones

m Karacadag stone W Malazgirt stone - Ahlat stone 8 Pumice

n n

n

Walues
5::‘ = I_—l. (] !J [

n

=

Density  Porosity (1/10) Thermal Compressive Water
(g/em3) (%) conductivity strength absorption
(W/mK) (L/10), APy (1/10), (%)

Fig. 5. Some physical properties of volcanic stones

Midyat stone, Mardin stone, Nemrut stone, Malazgirt
stone and Ahlat stone can be used as concrete aggregate, as
well as a partition element in the form of brick or briquette.
Sanliurfa stone seems to be able to be used as both brick
and concrete aggregate as well as load-bearing concrete
aggregate along with Karacadag stone.

3.3 Artificial Porous Aggregates

From this group of aggregates, EPS, EC and EP
density values (0.013 g/cm?, 0.511 g/cm? and 0.236 g/cm?,
respectively) and thermal conductivity values (0.038
W/mK, 0.133 W/mK and 0.050 W/mK) are considerably
lower than organic sediment stones volcanic stone (Table
2), (Fig. 5). In this group, the lowest density and thermal
conductivity coefficient belong to EPS, while the highest
value belongs to EC. This aggregate group has higher
porosity than other aggregates.

Astificial porous aggregates
m Expanded polystyrens ® Expanded clay = Expanded perlite

Walues

o e | | . 1

Density Porosity (1/10) Thermal Compressive TWater
(glemd) (%) conductivity  strength  absorption
(WimEK)  (L10), MP) (1/10), (%)

Fig. 6. Some physical properties of artificial porous aggregates

3.4 Concretes Containing Porous Aggregates

The following findings were obtained following the
tests carried out on concrete samples produced using the
examined aggregates.

3.4.1 Density

Among the concretes produced with 11 different
aggregates, the highest density values were determined to
belong to Sanhurfa stone (2.514 g/cm®) from the organic
sediment stones group, Karacadag stone (2.934 g/cm?)
from the volcanic stones group and EC (1.506 g/cm3) from
the artificial porous aggregate group. On the other hand,
the one with the lowest values was Mardin Stone (1.208
g/cm3), pumice (1.411 g/cm3), EPS (1.117 g/cm3),
respectively. (Table 3). The reason for this matter is based
on the density of the aggregates.

3.4.2 Thermal Conductivity

Among the concretes subjected to analysis, Nemrut
stone (0.81 W/mK) and Mardin stone (0.87 W/mK) from
the organic sediment stones group, pumice (0.336 W/mK)
from the volcanic stone group and EPC from the artificial
porous aggregates group (0.175 W/mK) are determined to
be aggregate concretes. The artificial porous aggregates
group has the lowest thermal conductivity values among
the analyzed aggregate groups as can be seen in Table 3
and Figure 7, Figure 8, Figure 9. If Table 3 can be
examined, it can be seen that concretes with organic
sediment and volcanic stones, EC and EP have the
properities to be used for isolation and carrier concrete.
Concretes with EPS aggregates can be used as insulation
concrete.
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3.4.3 Compressive Strength

Karacadag stone (117 MPa) is a aggregate concrete
from the volcanic stones group, with the highest
compressive strength value among concretes. Moreover,
the compressive strength values of Ahlat stone aggregated
concrete (20.42 MPa) from the same group and Sanliurfa
stone aggregate concrete (29.72 MPa) from the organic
sediment stones group are higher than other concretes.

If Table 4, which is prepared for lightweight concrete
classification by Mindess, can be examined, it can be seen
that light weight concretes with organic, volcanic stones or
artificial porous aggregate can be classified as medium
strength concrete. But the light weight concretes with
Sanliurfa or Karacadag aggregate can be classified as
carrier light concretes

Concretes with organic stones
m Density (glcm’) m Thermal conductivity (W/mK)
15 Compressive strength: (1/10), (MPa)
3

25

[T

Sanliurfa stone Midyat stone Mardin sione Nemrut stone
Fig.7. Some properties of organic sediment stones aggregate concrete

Walues

Walues

Walues

s

25

L5

0.5

Concretes with volcanic stones

m Density (gicm) m Thermal conductivity (W/mk)
Compressive strength (1/10), (MPa)

JIJ.l.L

Karacadag stoneMalazgirt stone Ahlat stone Pumice

Fig.8. Some properties of volcanic stones aggregate concrete
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Concretes with artificial porous aggregates

B Expanded polystyrene M Expanded clay ® Expanded perlite

...

Density Thermal Compressive;
(g/cm 3 conductivity strength
(W/mEK) (110}, (MPa)

Fig.9. Properties of concretes with artificial porous aggregates

Table 1. The chemical composition of the aggregates, (%)

Component Material SiO, Al,O4 Fe;0; CaO MgO Loss of ignition Undefined
Sanlurfa stone 1.00 0.15 0.10 53.48 1.02 43.63 152
Midyat stone 0.30 - - 34.10 18.65 46.63 0.32
Mardin stone 0.18 - - 30.00 22.58 47.09 0.15
Nemrut stone 46.80 14.45 16.20 12.23 4.88 - 1.44
Karacadag stone 47.24 15.30 4.70 13.04 3.74 13.58 240
Malazgirt stone 63.73 14.97 4.45 3.66 - 3.40 9.79
Ahlat stone 63.80 16.50 4.50 3.23 - 2.53 8.97
Pumice 53.83 14.81 4.61 4.64 2.75 3.49 8.18
Expanded polystyrene 23.51 6.15 4.00 58.51 227 3.04 1.42
Expanded clay 18.08 6.15 3.25 3.46 4.10 7.97 9.85
Expanded perlite 74.18 17.61 1.20 0.51 0.5 2.58 3.55

Table 2. Some properties of aggregates which were determined by experiments

Materials Density Porosity Thermal Compressive Water
(g/cmd) (%) conductivity strength absorption
(W/mK) (MPa) (%)
Organic sediment stones

Sanliurfa stone 2.190 18.52 1.28 24 12.50

Midyat stone 1.460 14.41 0.69 6.13 13.70

Mardin stone 1.350 13.03 0.58 4.91 18.64

Nemrut stone 1.385 19.02 0.75 10.2 17

Volcanic stones

Basalt-type stone (Karaca dag) 2.890 25 1.410 105 0.31

Andesite tuff (Malazgirt stone) 0.880 31.01 0.288 125 27.6

Andesite tuff (Ahlat stone) 1.181 20.58 0.312 16.4 205

Pumice 0.820 22.94 0.255 5.23 28.4

Avrtificial porous aggregates

Expanded polystyrene (2-4) mm 0.013 92.96 0.038 - 0.45

Expanded clay (2-4) mm 0.511 81.10 0.133 - 5.70

Expanded perlite (2-4) mm 0.236 90.38 0.050 - 28.5
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Table 3. Some properties of concretes which were containing porous aggregate and place of use according to Ref. 29

Density Thermal Compressive Carrier Carrier + insulation
Materials (g/cmd) conductivity strength insulation
(W/mK) (MPa)
Thermal conductivity coefficient —> <0.75 <0.30
Organic sediment stones
Sanliurfa stone 2.514 1.31 29.72 +
Midyat stone 2.076 0.98 11.31 +
Mardin stone 1.208 0.87 8.18 +
Nemrut stone 1.708 0.81 15.36 +
Volcanic stones

Basalt-type stone (Karaca dag) 2.934 1.450 117 +
Andesite tuff (Malazgirt stone) 1.728 0.706 16.85 +
Andesite tuff (Ahlat stone) 1.908 0.758 20.42 +
Pumice 1.411 0.336 11.23 +

Artificial porous aggregates
Expanded polystyrene (2-4) mm 1.117 0.175 4.34 +
Expanded clay (2-4) mm 1.506 0.366 10.17 +
Expanded perlite (2-4) mm 1.241 0.317 13.18 +

Table 4. Strength classification of lightweight concrete in line with the aggregate used according to Mindess [30]

Sandless concrete

Perlite |
e Mardin stone

‘Insulation ‘Medium strength Carrier light
conretes conretes conretes
Unit weight (ke/n¥) 250 500 750 1000 1250 1500 1750 2000
Strength range 0.7 -2.0 MPa) 7- 14 (MPa) 17 - 41 (MPa)
Vermuculite Pumice

Aggregatetype [ Sintered fly ash
Peite Volcanic slag

[ |
Expanded clay
Gas-foam
Other light concrete Expanded slag
concretes [

(light) {normal)
= [
Malazeirt st Ahlat stone
Present [ ]
Midyat stone Sanlurfa stone

EPS [ I
I Pumice
EC
—

Sandles=s concrete

Karacadag stone
Memmit stone g

4 Conclusion

The use of aggregate concrete to be utilized within the .
production of low density concrete should be designated
according to its purpose of use. The following results were
obtained in the study conducted on the examined porous
aggregates and concretes produced with these aggregates. .

e The thermal conductivity values of the concretes
produced with the aggregates of Midyat stone,
Mardin stone, Nemrut stone, Malazgirt stone and
Ahlat stone were determined to be as 0.98 W/mK,
0.87 W/mK, 0.81 W/mK, 0.706 W/mK and 0.758
W/mK, respectively. These aggregates can be used in
low density concrete production, as well as in the
form of bricks or briquettes.

e Where Sanliurfa stone is used as concrete aggregate,

concrete aggregate with its values: "1.45 W/mK and
117 MPa".

It is a great advantage that the aggregates in organic
sediment stones and volcanic stones groups have rich
reserves, while the costs of the same are low. This
advantage needs to be utilized accordingly.

Since concretes produced with EPS, EC and EP
artificial aggregates are the group with the lowest
thermal conductivity values (0.175 W/mK, 0.366
W/mK and 0.317 W/mK, respectively) and pumice
from the volcanic stone groups have following values
(0.336 W/mK and 11.23 MPa), it will assist saving
energy and reduce the building load where they are
used as aggregate in the production of concrete shear
walls, floors and ceiling slab concrete

In conclusion, it is recommended to choose aggregate

it can be used as concrete aggregate due to the thermal in the production of low density concrete for buildings
conductivity and compressive strength of the concrete according to the use of purpose of the concrete within the
(1.31 W/mK and 29.72 MPa). Also, Karacadag stone scope of the study.

can be used both as a brick and as a load-bearing
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Abstract

Original scientific paper
Today, nano-systems, especially multi-functional inorganic nanoparticles, attract a lot of attention in the biomedical field. Nickel
nanoparticles, known as inorganic nanoparticles in nanotechnology and known as metallic nanoparticles with an important place, show
antibacterial properties. The fact that nickel nanoparticles find use in areas requiring human contact leads to nanoparticle synthesis with
biological systems. Thus, more environmentally friendly structures emerge. In this study, nickel nanoparticles were synthesized for the
first time by biosynthesis using Peumus boldus extract. Structural, chemical, and morphological properties were examined by UV-vis
spectrophotometer (UV-vis), fourier transform infrared spectroscopy (FTIR), X-ray diffractometer (XRD), and scanning electron
microscopy (SEM) methods. Extract obtained from Peumus boldus was used as reducing agent in the synthesis of nickel nanoparticles. In
addition, the antibacterial activities of the obtained nickel nanoparticles were investigated against E. coli and S. aureus.

Keywords: Nickel nanoparticle, peumus boldus, antibacterial activity

PEUMUS BOLDUS KOCH OZUTU KULLANILARAK NiKEL NANOPARTIKULLERIN YESIL
SENTEZI VE ANTIBAKTERIYEL AKTIVITES|

Ozet
Orjinal bilimsel makale

Giiniimiizde nano sistemler, &zellikle ¢ok fonksiyonlu inorganik nanopartikiiller, biyomedikal alaninda biiylik ilgi gdrmektedir.
Nanoteknolojide inorganik ve metalik nanopartikiiller olarak bilinen ve énemli bir yeri olan nikel nanopartikiiller antibakteriyel 6zellik
gostermektedir. Nikel nanoparcaciklariin insan temasi gerektiren alanlarda kullanim bulmasi biyolojik sistemlerle nanopargacik sentezine
yol agmaktadir. Boylece daha gevreci yapilar ortaya ¢ikmaktadir. Bu galismada, nikel nanopargaciklari, Peumus boldus 6ziitii kullanilarak
biyosentez yoluyla ilk kez sentezlenmistir. Yapisal, kimyasal ve morfolojik 6zellikler UV-vis spektrofotometresi (UV-vis), fourier
transform kizilotesi spektroskopisi (FTIR), X-1sm1 difraktometresi (XRD) ve taramali elektron mikroskobu (SEM) yontemleri ile
incelenmistir. Nikel nanopargaciklarin sentezinde indirgeyici ajan olarak Peumus boldus'tan elde edilen ekstrakt kullanilmgtir. Ayrica elde
edilen nikel nanopargaciklarin E. coli ve S. aureus'a karsi antibakteriyel aktiviteleri arastirildi.

Anahtar Kelimeler: Nikel nanopartikiil, peumus boldus, antibakteriyel aktivite

environmental applications. As antibacterial agents, NPs
have been used in a wide range of applications, from
disinfecting medical devices and white goods to water
treatment. In addition to these, NPs are used in fabrics in

1 Introduction

Nanotechnology covers the fields of study dealing
with the synthesis, characterization, and applications of

substances generally between 1-100 nm sizes. In this size
range, all properties (chemical, physical, and biological)
of individual atoms / molecules vary. New applications of
these nanoparticles used in nanotechnology can be
developed depending on the particle diameter,
homogeneous distribution, and morphology, and thanks to
these properties, it is growing rapidly. NPs are widely
used as antibacterial agents in the healthcare industry,
food storage, textile coatings, and numerous

* Corresponding author.
E-mail address: rtas@bartin.edu.tr (R.Tas)

the textile industry. [1, 2].

Among the nanoparticles used for all the purposes
mentioned above, metallic nanoparticles show promise.
Because metal ions contain important antibacterial
properties due to their large surface area. Thus, they attract
the attention of researchers due to the increased microbial
resistance against antibiotics and the development of these
resistant strains [3, 4]. Nano metals have attracted great
interest in branches such as physics, technology,
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chemistry, and bioengineering.  Production and
characterization of nickel nanoparticles are very important
in terms of nanotechnology.

Among all metal nanoparticles, nickel nanoparticles
attract unlimited attention in the field of nanotechnology
due to their unique properties such as chemical stability,
good conductivity, catalytic, and most importantly
antibacterial, antiviral, antifungal [5, 6].

Generally, nickel nanoparticles are synthesized using
various techniques to obtain different shapes and sizes for
use in various applications. Various chemical and physical
preparation methods are used to produce nanoparticles,
including radiation, chemical precipitation,
photochemical methods, electrochemical, and Langmuir-
Blodgett techniques [7, 8]. The use of chemical and
physical method in the synthesis of nanoparticles is very
expensive and cumbersome and leads to the presence of
some toxic chemicals that are absorbed on the surface and
may have adverse effects on applications, so there is an
increasing need to develop environmentally benign
nanoparticles [9, 10]. Biosynthetic methods using
microorganisms or plant extracts have emerged as a
simple and viable alternative to chemical synthetic
procedures and physical methods [11, 12].

Green synthesis of nanoparticles using plant extracts,
due to their easy accessibility, is emerging as an important
research topic in the field of bionanotechnology today
[13]. The synthesis of nanoparticles by means of plants is
simpler and easier compared to typical physical and
chemical methods as it can be studied without any special
operating conditions. Synthesized products of the process,
including waste products, are derived from natural plant
extracts and thus this technique is highly environmentally
friendly [14]. With the bio-based nanoparticle synthesis
protocol, higher reproducibility of the process and higher
stability of the synthesized nanoparticles can be achieved.
Therefore, the bio-based production of nanoparticles is
suitable for large-scale production that is more effective
cost investment, environmentally friendly and safe for
human therapeutic use [15].

The main purpose of this study is to produce and
characterize nickel nanoparticles with green synthesis
method. For this purpose, the synthesis of nickel
nanoparticles with the reducing properties of molecules
such as flavonoids and terpenoids found in the extract of
Peumus boldus was carried out. The synthesized nickel
nanoparticles were characterized by UV-Vis, FTIR, and
powder XRD techniques. At the same time, the
antimicrobial activity of nickel nanoparticles synthesized
by the green synthesis method was investigated. The
results showed that with Peumus boldus extract, nickel
nanoparticles can be produced by green synthesis.

2 Material and Method

The Peumus boldus plant was brought from Chile.
Aqueous extracts were prepared by putting 10 g of the
homogenized dried leaves and 100 mL of distilled water
in a Soxhlet extractor for 4-5 h.

Biosynthesis was carried out by mixing Peumus
boldus extracts with aqueous solution of NiNO3;6H,0
(Sigma-Aldrich), and the solution was homogenized by
stirring at room temperature. For the synthesis of NiNP,

0.1 M 100 ml nickel (1) nitrate NiNO3 6H20 solution was
prepared. Nickel (I1) nitrate (10 ml) solution was slowly
added to the resulting Peumus boldus extract (100 ml) at
arate of 10:1 (Fig.1).

The optical properties of NiNPs were characterized
by taking UV-Vis region spectra (THERMO, Model
Multiscaner spectrophotometer) between 200-800 nm.
FTIR (Shimadzu Iraffinity-1) was used for functional
group analysis. Particle morphologies and sizes were
measured by SEM (TESCAN, MAIA3 XM). The crystal
structures and particle sizes of NiNPs were calculated
using XRD analysis. XRD analysis was performed using
a powder X-ray diffractometer (Rigaku, Smartlab).

Antibacterial activity of NiNPs was assessed using
Broth Micro-dilution Assay [16]. For this, Gram-positive
bacterium Staphylococcus aureus and Gram-negative
bacterium Escherichia coli cultures were grown on LB
Broth (24 h, 37°C). Following this, new cultures were
prepared and grown until 0.5 McFarland Unit. 20 uL of
bacterial cultures were added to 180 uL of Nutrient Broth
containing various concentrations of NiNPs in microtiter
plate wells. Negative controls were prepared using the
medium without bacteria. ODggo Of microtiter plates were
read before and after incubation at 37°C for 24 hours.

Cd

it o

Figure 1. Schematic representation of NiNP synthesis.
3 Results and Discussion

UV-Visible spectra of nickel nanoparticle synthesized
from Peumus boldus by green synthesis shown in Figure
2. NiNp gives a strong absorbance peak at 656 nm. When
the UV-Visible spectrum is examined, it shows that NiNps
are homogeneous. The maximum band in the UV-visible
spectrum is due to the oscillation of the nickel conduction
band electron. In the UV-Visible spectrum of the nickel
nanoparticle solution dispersed in water, the maximum
absorbance was observed at 656 nm wavelength.
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Figure 2. UV-visible spectrum of NiNPs synthesised at Peumus boldus
extract
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The FTIR spectrum of biologically synthesized nickel
nanoparticles is shown in Figure 3. When the FTIR
spectrum of nickel nanoparticles was examined, it showed
a transmission peak at 3370, 2967, 2889, 1587, 1376, and
1047 cm™. The peak at 1047 is thought to be due to
saturated alkanes, while the peak at 1376 is due to alcohol
and phenol. The peak at 1587 indicates amide, the peak at
3500 indicates the hydrogen bonded alcohol and phenol.
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Figure 3. FTIR spectra of synthesized Ni nanoparticles by Peumus
boldus extract

In order to study the morphology and size of the
biosynthesized NiNPs, SEM images were recorded at
different magnifications (Fig. 4). The formation of NiNPs
as well as their morphological dimensions through the
SEM study demonstrated that the average size was around
15-20 nm with the shape of spherical nature. The SEM
image further confirms the production of a high density of
NiNPs synthesized through the Peumus boldus extract.

SEM HV: 5.0 kV WD: 5.94 mm 111 MAIA3 TESCA7N
SEM MAG: 50.0 kx Det: In-Beam SE 1um

BI: 6.00 Date(m/dly): 03/19/21 BARTIN UNIVERSITY

b

SEM HV: 5.0 kv WD: 5.93 mm MAIA3 TESCAN|
SEM MAG: 100 kx Det: In-Beam SE 500 nm
BI: 6.00 Date(m/dly): 03/19/21 BARTIN UNIVERSITY

Figure 4. SEM of NiNPs biosynthesized using the Peumus boldus
aqueous extract

The crystalline structures of the NiNPs were char-
acterized by XRD. The major diffraction peaks appear at
26, 36.85, 42.90, and 62.49, which can be indexed as
(111), (200), and (220) planes. The crystalline structure of
NiO NPs is in accordance with JCPDS card No. 04-0835.
No impurities were observed which suggests the high
purity of monophasic Ni nanoparticles
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Figure 5. X-ray diffractogram of Peumus boldus extract — reduced
NiNPs.

NiNPs were used to assess their antibacterial
properties against very common bacteria, E. coli and S.
aureus. The results showed that these nanoparticles are
very effective against Gram-negative bacterium E. coli
(Figure 6A), especially at the highest concentration (800
ug/mL) the bacterial viability was found as around 1.7%
as compared to control group (0 pg/mL). On the other
hand, these nanoparticles are also effective against Gram-
positive bacterium S. aureus but this effect is lesser
(Figure 6B).

Previous studies also showed that Nickel
nanoparticles have antibacterial activities on these
bacteria [17]. These nanoparticles can alter the bacterial
cell membrane permeability, thus transport through
membranes are improper, leading to cell death [18].
Furthermore, they can penetrate into the cell and release
Ni ions, which damage the biomolecules that contain
phosphorous and sulfur, such as DNA [19].
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Figure 6. Antibacterial activities of NiNPs against (A.) E. coli and (B.)
S. Aureus. Different lower cases indicate that the mean values are
statistically different according to One-way ANOVA (p<0.05)
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4 Conclusion

Nanotechnology is an important area of research that
is a pioneer of different technologies and fundamental
innovations, and it is expected to inspire many other
important innovations in the future. Today, one of the
most important outputs of these innovations is the
production of nickel nanoparticles with the green
synthesis method. The NiNPs were successfully
fabricated via green route using Peumus boldus extract,
which were confirmed by UV-vis, XRD, FTIR, and SEM
techniques. SEM images of the synthesized silver
nanoparticles show that the particles have a spherical
structure and an average diameter of 15-20 nm. FTIR
results, which help to understand the relationship of
functional groups between metal nanoparticles and
biomolecules, at 3370 cm™ peak value confirm the
presence of -NH and -OH groups in the Peumus boldus
extract rich in flavonoids and terpenoids. With this result,
it was confirmed that NiNOs was reduced due to the
presence of -OH group. In UV-Vis spectrum analysis, the
presence of a strong and wide absorption band with a peak
located at 656 nm and the observation of its change from
transparent to brown hues during synthesis are proof of
the success of nickel nanoparticle synthesis.

In the present study, antibacterial properties of NiNPs
were studied and the results showed that these
nanoparticles have significant effects on both E. coli and
S. aureus, but the effect on E. coli was found higher than
the effect on S. aureus.

Due to the effective biological, pharmacological, and
antioxidant properties of silver nanoparticles obtained by
the green synthesis method from Peumus boldus, a more
comprehensive in vitro and in vivo study is needed
together with phytochemical studies in order to expand its
daily use.
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Abstract

Original scientific of paper
The development of the Dye sensitized Solar Cell (DSSC) architecture has opened the door to exciting new possibilities and photovoltaic
(PV) systems to produce electricity at potentially lower costs. Therefore, DSSCs attract the attention of both researchers working in the
energy field and the PV industry. Due to their low material cost, easy and inexpensive production processes and reasonable conversion
efficiency, DSSCs are considered as an alternative to other conventional solar cells. In this work, BaTiOs nanoparticles were produced
quickly and at low cost using the microwave method. Using the obtained BaTiOs, Poly aniline (PANI)/BaTiO3 nanocomposites were
successfully sensitized and their usability as counter electrodes in DSSC was investigated. The coated PANI and nanocomposite films were
characterized by Fourier-transform infrared spectroscopy (FT-IR), X-ray diffractometry (XRD), scanning electron microscopy (SEM),
Cyclic Voltammetry (CV), and Electrochemical Impedance Spectroscopy (EIS) measurements. It was used as a counter electrode (CE) in
DSSC architecture to characterize the photovoltaic potentials of the obtained nanocomposite films. In photovoltaic analysis, the conversion
efficiency of DSSC using nanocomposite CE increased by 39% compared to cells employing pure PANI CE. As a result, it has been
determined that synthesized nanocomposites can be used as CE in DSSCs instead of Pt, which is expensive and has limited stock in terms

of both cost and durability and photovoltaic performance.

Keywords: Polyaniline, BaTiOs, microwave method, nanocomposite, dye sensitized solar cell.

1 Introduction

Polymer and polymer-containing materials, which
have an important place in our daily life, are widely used
in industry and technology. The usefulness of some
polymers with different structures and properties is related
to the electrical properties of such materials, allowing
them to be used in electrical insulators, dielectric
capacitors or microwave devices. In addition, some
polymers have superior optical properties, and these are
the inner layers of aircraft windows, safety glass, etc. It is
very important for areas [1].

On the other hand, depending on the increasing
demands and the development of ceramic materials, the
importance of dielectric characteristics (essentially
insulating) is increasing day by day. At the same time,
attempts to reduce the size of electronic devices such as
expectations and communication tools are also inevitable.
Along with these and similar reasons, studies have been
intensifying in recent years on ceramic materials with high
dielectric constant, such as BaTiOs[2].

The starting materials used in the production of
advanced engineering ceramics are required to be
submicron-sized, pure reactive and solidifiable at lower
temperatures. At the same time, the importance of
ceramics is increasing due to the rapid development of
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electromagnetic devices with small sizes, which leading
to high dielectric constant of a particle and low losses in
microwave frequencies. Among the dielectric materials,
BaTiOs3 is one of the most researched materials in terms
of its high dielectric constant, low dielectric loss and high
dielectric coefficient, resulting in high electric field [3, 4].

Among the conductive polymers, Polyaniline (PANI)
is one of the most studied polymers due to its many
superior properties. PANI is an unigque conducting
polymer whose properties not only depend on the
oxidation state but also its protonation doping level and
also on the nature of dopants [5]. These properties make
the PANI a promising candidate for the fundamental study
of potential device applications such as solar cells, light-
emitting diodes, transparent electrodes, gas and humidity
sensing, and many more in nanotechnology applications
[6-8].

Many strategies have been developed to synthesize
metal oxide structures, such as direct elemental reaction
in a high temperature quartz tube [9], ball mill solid-state
metathesis reaction [10], chemical vapor deposition [11],
thermal decomposition [12], hydrothermal [13],
solvothermal [14], sonochemical [15] and electrochemical
[16]. However, many of these synthesis strategies have a
lot of disadvantages that they require long time at high
temperature or high-pressure conditions, complex

Doi: https://doi.org/10.46460/ijiea.929966
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processes and advanced equipment or the technical skills
required to prepare precursor materials. Whereas one of
the ultimate goals in any scientific study is to find the
simplest way to prepare the materials. From this point of
view, the microwave method attracts attention due to its
very fast synthesis of nanoscale metal oxide materials,
high efficiency and environmental friendliness [17, 18].
Compared to traditional external heating methods, since
microwave heating can provide rapid volumetric and
homogeneous heating without heat conduction conditions,
synthesis reactions can take place in a very short time [19].
The studies carried out show that microwave assisted
synthesis is very simple, efficient and does not require
extra annealing process, and especially its very short
duration can reduce the cost of material synthesis and save
time.

In this study, we report the synthesis of BaTiO3 by
microwave method and in situ synthesis of PANI/BaTiO3
nanocomposites by chemical oxidation technique, and
also employing PANI/BaTiO3; nanocomposite films as
counter electrode (CE) in DSSC architecture for the first
time. The electrochemical features such as cyclic
voltammetry (CV), Tafel polarization and electrochemical
impedance spectroscopy (EIS), surface morphology and
structural properties of pure PANI and PANI/BaTiOs
nanocomposites films were investigated. In addition, the
photovoltaic (PV) performance of DSSC employing the
nanocomposite films as CE was investigated. Various PV
parameters of the prepared DSSCs such as open-circuit
voltage (Voc), short circuit current density (Js¢), filling
factor (FF), and overall efficiency were determined.

2 Materials and Methods
2.1 Chemicals

In the polymerization processes, aniline (Aldrich,
97%) was used as a monomer by distillation by
distillation. Other chemicals used in the study were used
without any processing, since they are of analytical purity.
Distilled water (H20) and acetonitrile (Aldrich, 99.8%)
were used as solvents, and ammonium persulfate
(NH4S205) (Sigma-Aldrich, 98%) was used as the raiser.
Hydrochloric acid (HCI) (Sigma-Aldrich, 37%) was used
as acid, and TiCls (99.95%, Aldrich), Ba(NOs3). (99%,
Aldrich) were used in nanoparticle synthesis. To prepare
photoanodes, Titanium (IV) oxide nanopowders (718467,
Sigma Aldrich), di-tetrabutylammoniumcis-
bis(isothiocyanato)bis(2,2’-bipyridyl-
4,4’dicarboxylato)ruthenium(Il) (N-719) dye (703214,
Sigma Aldrich) were used. For syntesis of redox
electrolyte; used iodine, 1-butyl-3—-methylimidazolium
iodide, 4-tert—butylpridine, lithium iodide hydrate and 3—
methoxypropionitrile were used.

2.2 Synthesis of BaTiOs Nanoparticles

BaTiOs; (BT) nanoparticles were synthesized using
TiCls (99.95%, Aldrich), Ba(NOs). (99%, Aldrich) in a
1:2 mixture of HCl:water. First, two solutions were
prepared. In the first, 1 mL of TiCl, was slowly added to
25 mL of deionized water at 0 °C with stirring until it
turned into a homogeneous solution. Second, similarly

0.88 g of Ba(NO3), was dissolved in 25 mL of deionized
water. Then, these two solutions prepared were transferred
to 25 mL of HCl:water mixture prepared at a ratio of 1:2
and mixed on magnetic stirrer for 30 minutes at 500 rpm
stirring speed. The reaction mixture was placed in a 100
mL teflon autoclave, reaching 90% of its volume and
providing maximum pressure efficiency. The pressure
microwave autoclave was sealed and reacted for 10 min
using 2.45 GHz of microwave radiation at a maximum
power of 800 W. At this stage, the ambient temperature
was measured as 140 °C. After the reaction, the autoclave
was naturally cooled to room temperature. Thus, the solid
product was washed several times with deionized water
and alcohol, and then dried under vacuum at 80 ° C for 24
hours.

2.3 Synthesis of PANI/BaTiO; Nanocomposites

PANI/BaTiOs; composites were synthesised in situ by
adding BaTiOs; to the medium at certain proportions
during the oxidative polymerization of polyaniline.
BaTiOz nano powders were dispersed in deionized water
and mixed using magnetic stirrer at room temperature for
3 hours. In another beaker, a 1:1 ratio of aniline:HCI was
mixed in acetonitrile at room temperature. Four of this
PANI solution was prepared and BaTiOz was added in
different proportions to three of these prepared PANI
solutions. It was added from NH4S;Os solution to start
polymerization. One pure PANI was synthesized. The
solid product was washed several times with deionized
water and acetonitrile and dried under vacuum at 60 °C
for 12 hours. Obtained substances are named as in Table
1.

Table 1. The amount of PANI and BaTiO3 by weight in the named

samples.
Sample % PANI % BaTiOs
SP 100 -
BP1 99,5 0,5
BP2 99 1
BP3 98 2

According to the FTIR results obtained in this study,
the reaction scheme of the PANI/BaTiOs interaction can
be considered as in Figure 1.

/
BaTiO4 | BaTiO3 ( BaTiO;
\

\

N- X ‘\“N* Nt iy
|
T T

Figure 1. Predicted reaction scheme of BaTiO3 / PANI interaction.

"/ ®

2.4 Preparation of SP, BP1, BP2 and BP3 based CEs

The polymers SP, BP1, BP2, and BP3 were dissolved
in formic acid at a certain concentration and then mixed
with a magnetic stirrer for 2 hours. Before deposition, the
fluorine-doped tin oxide (FTO) substrates (Asahi Glass;
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sheet resistance: 15 Q/cm2) were cleaned as reported in
our previous study [20]. After cleaning, a spin coating was
carried out to deposit polymer solutions on FTO substrates
for 30 seconds at 2000 rpm. This process was repeated 15
times on each substrate to make the surface homogeneous.
Lastly, SP, BP1, BP2, and BP3 catalyst-coated electrodes
were annealed at 80 °C for 45 minutes.

2.5 Fabrication of DSSCs using SP, BP1, BP2 and BP3
based CEs

In the current study, titanium (IV) oxide based
photoanodes were sensitized with 0.3mM of di-
tetrabutylammoniumcis-bis(isothiocyanato)bis(2,2’-
bipyridyl-4,4°dicarboxylato)ruthenium(IT) (N-719) dye
overnight. The preperation of photoanodes was detailed in
our previous reports [20]. Moreover, to prepare the 173/1
redox electrolyte, 0.01 M iodine, 0.6 M 1-butyl-3-
methylimidazolium iodide, 0.1 M 4—tert—butylpridine and
0.1 M lithium iodide hydrate were solved in 3-—
methoxypropionitrile, separately. Next, the solutions were
poured in a bottle and mixed by magnetic stirrer for 5 h.
Assembly of DSSCs was carried out by positioning the
photoanode face up on a horizontal surface, and placing
CE on top of the photoanode. The redox electrolyte was
dropped at the edges of a electrode, and the electrolyte was
drawn into the space between the photoanode and CE.

2.6 Characterizations

ATR-FTIR spectroscopy was used for the chemical
characterization of the products obtained. The surface
morphology of the samples was examined using the SEM
(TESCAN, MAIA3 XM). X-ray diffraction spectra
(XRD) of nanocomposites were examined with Rigaku
D/MAX-2200 device with CuKa wavelength radiation
beam at room temperature 10 °© < 20 < 80 °. Cyclic
voltametry (CV) and electrochemical impedence
spectroscopy (EIS) measurements were done by a
potentiostat/galvanostat instrument (ZIVE SP1). CV tests
were conducted with three electrotes system; the
nanocomposite CEs, platinum sheet and Ag/AgCl in 3 M
NaCl were used as working electrode, counter electrode
and reference electrode, respectively. CV of CEs was
carried out in electrolytic medium containing 0.1 M
LiClOg4, 0.1 M I"3/I redox electrolyte and acetonitrile at
scan rate of 50 mV s and in range of —0.6-1.0 V. For EIS
experiments, the symmetric cells were assembled with
two identical CEs filled with the redox electrolyte of 17/1".
The active area of the symmetric cells was 0.25 cm?. In
EIS analysis, the samples were scanned from 10 Hz to
100 kHz. The current density-potential (J-V) curves of
prepared DSSCs were recorded using Fytronix PV
characterization system under the AM 1.5 G illumination
of 100 mW cm™2,

3 Results and Discussion

FTIR spectra of polyaniline polymers doped with
different proportions of BaTiO3 are given in Figure 2. In
the FT-IR spectrum of unoperated polyaniline, 1621 cm?
and 1597 cm™* NH; strain, 1492 cm™ C-H bending, 1270

cm® C-N strain, 1171 cm™ C-H bending and 744 cm™ C-
H strain characteristic peaks were observed. In the FT-IR
spectrum of BaTiOs; obtained by microwave method,
characteristic peaks of BaTiOs resulting from 560 and 450
cm? Ti-O vibrations were observed. When the FT-IR
spectra of composite samples are examined, the N-H
stress peak seen in around 3300 cm™ in polyaniline
disappears in PANI/BaTiOs; composite. This situation
shows that the dominant interaction is between the H
atoms in the N-H bond and the OH molecules in the
solution environment, and it is bound to BaTiOs
molecules through O atoms (Fig. 1).

SP

W

BP2

ww

BP3

T ]

T T T
4000 3000 2000 1000

% T

Wavenumber (cm™)

Figure 2. FTIR spectrums of SP, BP1, BP2, and BP3 nanocomposites,
respectively.

XRD results of PANI composites prepared with
BaTiOz obtained by microwave method are given in
Figure 3. The 26 = 25.36° peak in the non-doped polymer
is the main peak of polyaniline [21]. In addition, other
peaks of pure polyaniline are seen at 26 = 21.08°, 35.06°,
and 64.92¢. When the XRDs of composites are examined,
the peaks of BaTiOs are clearly seen. As can be seen from
Figure 3, natural orientation of crystal structure did not
change, while the intensity of diffraction patterns of
BaTiOsz decreased slightly. This situation reveals that
although PANI surrounds BaTiOs; in composite
formation, the crystal structure of BaTiO3 does not change
and it preserves its tetragonal perovskite structure.

— 8P
—BP1

—BP2
—BP3

Intensity a.u.

20 30 40 50 60 70 80
2 Theta (degree)

Figure 3. X-ray diffractogram patterns of SP, BP1, BP2, and BP3
nanocomposites, respectively.
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In Figure 4, SEM images of the surface morphology
of the composites where unadulterated polyaniline (Fig.
4a) and BaTiOs obtained by microwave method are doped
at different proportions (Fig.4b-4d) are shown. In
accordance with the XRD results, it is seen that the
distribution of the BaTiO3 in the polymer matrix changes
due to the increase in the amount of BaTiO; This change
is generally in the form of regional clusters and is not
homogeneous. The presence of BaTiOsz in PANI matrix
led to increment in surface area, resulting in higher Js; and
FF value of the suggested DSSC. Moreover, increasing
BaTiOs doping is clearly seen in the polymer matrix from
SEM micrographs. The large amount of BaTiOs in PANI
matrix led to agglomeration, resulting in decrement of
surface area. Therefore, the optimum amount of dopant
can be set as 1%.

e o

'if‘u! D Gt
BP2 and d) BP3

Figure 4. SEM of the a) SP,‘[))P A
nanocomposites.
Cyclic voltammetry (CV) measurements are
generally an electrochemical measurement taken to
examine the interaction of the counter electrode with the
redox electrolyte used in DSSCs and the electrochemical
kinetics of the counter electrode. The current density
versus voltage graphs of the counter electrodes of the
obtained PANI/BaTiOs; composites are shown in Figure 5.
CV plots of PANI-based counter electrodes typically
show 2 distinct peaks, a pair of reduction-oxidation. A
higher Jeq value and a lower Epp value indicate high
electrocatalytic activity of the proposed counter electrode
[22]. The value of the reduction peak current density (Jred)
of the BP2 CE is slightly higher than that of the other CEs
(Table 2). Compared to SP CE, the proposed BP2 CE
structure provides extremely superior electrochemical
stability and enhanced corrosion resistance.

4

—sP
3] —bsP1
—BP2
——BP3

Current density (mA)

red -— Epp —
08 06 04 02 00 02 04 06 08 L0 1.2
Potential (V)
Figure 5. CV curves of SP, BP1, BP2, and BP3 polymers and
composites

Table 2. Electrochemical parameters obtained from CV and EIS
analysis of the counter electrodes.

Sample Jred Epp Rs Ret W
(mA) (V) (ohm) (ohm) (ohm)

SP 1.10 0.82 41 194 21

BP1 1.59 0.78 37 142 16

BP2 1.70 0.71 31 114 12

BP3 1.05 0.89 44 325 24

Electrochemical impedance spectroscopy (EIS)
measurement is a powerful tool that provides very useful
information and is used to examine the electron transfer
kinetics occurring at interfaces [23, 24]. Therefore, EIS
measurements of SP, BP1, BP2, and BP3 counter
electrodes were carried out. Nyquist drawings of the EIS
measurements taken are given in Figure 6. Equivalent
circuit corresponding to Nyquist curves is given inside of
Figure 6. Rs given in the circuit is the series resistance that
is the first point where the high frequency first loop
crosses the x-axis. R is the electron transfer resistance
that occurs at the opposite electrode/electrolyte interface.
W (Warburg) is known as the diffusion impedance of the
electrolyte on the CE surface. Rs, Re, and W values
obtained by fitting Nyquist curves with the equivalent
circuit are listed in Table 2. When Table 2 is examined, it
is seen that Rs, Ret, and W values decrease as a result of
the effect of BaTiOs on the polymer structure. This
indicates that the FTO/counter electrode and the counter
electrode/electrolyte interfaces are improved, furthermore
the diffusion of the electrolyte at the CE surface has
improved [25-27].

400
s —a&— SP
3301 cPE —+*—BP1
R, | —a—BP2
300 4 4+ BP3
R, W
250 4

equivalent circuit

200

Z" (ohm)

150 4

100 4

0 100 200 300 400 S00 600 700 800
Z' (ohm)

Figure 6. Nyquist plots of DSSCs based on SP, BP1, BP2, and BP3

counter electrodes.

J-V curves (Figure 7) were measured to evaluate the
photovoltaic performance of the produced polymer and
nanocomposite  counter-electrode  based  DSSCs.
Photovoltaic parameters obtained from J-V curves are
displayed in Table 3. As can be seen from the table, it is
seen that the FF and Js; values of the BP2 cell have the
highest values compared with the pure polymer and other
composites. The FF and Jsc values of the BP2 cell were
62.5% and 14.56 mA / cm?, respectively. The FF and Jg
values of the pure PANI (SP) cell were 55.4% and 12.10
mA/cm?, respectively. As a result, the conversion
efficiency increased from 4.58% to 6.37% with an
increase of 39%. This improvement in efficiency can be
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attributed to the increment of the Jreq value from 1.10 to
1.70 mA/cm?, the decrement of Ep, value from 0.82 to
0.71 V, and the lowering the R value from 41 to 31 Q and
Rt value from 194 to 114 Q, by incorporation of BaTiO3
to PANI matrix.

16

—sp

——BPL
—BP2
121 BP3

14 4

10 4

Short circuit current density, J.. (MmA)

0 T T T T T T T
0,0 0,1 0,2 0,3 04 0,5 0,6 0,7

Potential (V)
Figure 7. Current density vs. voltage plots of DSSCs based on SP,
BP1, BP2, and BP3 counter electrodes.

Table 3. Photovoltaic parameters obtained from the J-V
characterization of the solar cells.

Sample Jsc (MA) Voc (V)  FF (%) n (%0)

SP 12.10 0.68 55.4 4.58
BP1 13.32 0.70 58.4 5.45
BP2 14.56 0.70 62.5 6.37
BP3 11.40 0.70 53.3 4.25

4 Conclusion

In this study, BaTiO3 nano powders were obtained by
microwave method and BaTiOs/polymer composites were
synthesized by chemical polymerization method by in situ
method. Structural interaction parameters of all composite
samples were performed by Fourier Transform Infrared
Spectroscopy (FT-IR), Scanning Electron Microscope
(SEM), X-Ray Diffractometer (XRD) and cyclic
voltammetry (CV) analysis. In addition, the performance
of composites as counter electrodes in dye sensitized solar
cells (DSSC) was investigated in comparison pure PANI.
From the XRD and FTIR results, it was determined that
PANI/BaTiOs composites were synthesized successfully.
It was used as a counter electrode in DSSCs to
characterize the photovoltaic potentials of the produced
nanocomposites. In photovoltaic analysis, the conversion
efficiency of nanocomposite DSSCs increased by 39%
compared to pure polymer counter electrode cells. By
incorporation of BaTiOs to PANI, the charge transfer
kinetics have been improved due to the improvement of
electrical conductivity, electrocatalytic activity, as well as
the interfacial states, and as a result, the conversion
efficiency of the nanocomposite DSSCs has improved
compared to the pure PANI counter electrode cells.
Therefore, it can be said that produced nanocomposites
can be used in DSSCs due to its low cost, high durability
and performance instead of Pt, which is expensive and has
limited stock.
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Abstract

Original scientific paper
Methods such as fuzzy logic and artificial neural networks have been used frequently recently in modeling. In this study, mathematical
models for estimating surface roughness were created in surface milling processes using artificial intelligence techniques. Within the scope
of the study, 1.2738 mold steel was used as workpiece material. The experiments were carried out under dry cutting conditions and using
a minimum quantity lubrication technique. As cutting parameters, the cutting speeds and the feed rates are selected. In experiments; 80
mm/min, 130 mm/min, 180 mm/min values, 3 different cutting speeds and 0.5 mm/teeth, 0.8 mm/teeth and 1mm/teeth 3 different feed
rates were used. A total of 27 experiments have been conducted and the results of the experiments were modelled using the MATLAB
program and the effect of the minimum quantity lubrication (MMY) technique on surface roughness using an adaptive network-based
fuzzy logic inference system (ANFIS) approach. At the same time, the mathematical model was created by performing regression analysis
in MINITAB. The results obtained by ANFIS and regression analysis were compared. As a result, the ANFIS model provided 100%
accuracy, while the regression model achieved 71% accuracy.

Keywords: ANFIS, 1.2738 mold steel, surface roughness, milling, minimum quantity lubrication (MQL), regression analysis.

MINIMUM MIKTARDA YAGLAMA TEKNIGI ILE FREZELEME iSLEMINDE YUZEY
PURUZLULUGUNUN ANFIS ILE MODELLENMESI

Ozet
Orjinal bilimsel makale

Bulanik mantik ve yapay sinir aglar1 gibi yontemler model olusturmada son zamanlarda siklikla kullanilmaya baglanmistir. Bu ¢alismada
yapay zeka teknikleri kullanilarak yiizey frezeleme islemlerinde, yiizey piiriizliliigiinin tahminine yonelik matematiksel modeller
olusturulmustur. Calisma kapsaminda is pargast malzemesi olarak 1.2738 kalip ¢eligi kullanilmigtir. Deneyler kuru kesme sartlarinda ve
minimum miktarda yaglama teknigi kullanilarak gergeklestirilmistir. Kesme parametreleri olarak, kesme hizi ve ilerleme se¢ilmistir.
Deneylerde; 80 mm/dak, 130 mm/dak, 180 mm/dak degerlerinde 3 farkli kesme hizi ve 0,5 mm/dis, 0,8 mm/dis, 1 mm/dis olmak tizere 3
farkli ilerleme miktar: kullanilmistir. Toplam 27 adet deney yapilmis olup deney sonuglart MATLAB programi kullanilarak, minimum
miktarda yaglama (MMY) tekniginin yiizey piiriizlilliigiine etkisi adaptif ag tabanli bulanik mantik ¢ikarim sistemi (ANFIS) yaklasimi
kullanilarak modellenmistir. Ayn1 zamanda MINITAB’ da regresyon analizi yapilarak matematiksel model olusturulmustur. ANFIS ve
regresyon analizi ile elde edilen sonuglar mukayese edilmistir. Sonug olarak ANFIS modeli %100 dogruluk saglarken, regresyon modeli
%71 oraninda bir dogruluk saglamistir.

Anahtar Kelimeler: ANFIS, DIN 1.2738, frezeleme, minimum miktarda yaglama, regresyon analizi.

1 Girig malzemenin Ozelligine, ilerleme, kesme hizi, sogutma
stvisy, vb. parametrelere bagli olarak degismektedir.

Talasli iiretim, otomotiv, havacilik, savunma ve diger
sektorlerde yillarca kullanilmig ve giiniimiizde de etkisini
arttirarak siirdirmektedir. Gliniimiiziin teknolojik sartlar
bu sektorlerde islenen pargalarin yilizey kalitesinin 6n
plana ¢ikmasini saglamaktadir. Islenen pargalarm kalitesi
pek cok dlgiite bagl olarak degismektedir. Bu Ol¢iitlerden
onemli bir tanesi yilizey pirizliligidir. Yizey
plriizlilliigiinin  iyi olmas1  kullanilan takimlara,

* Corresponding author.
E-mail address: rtas@bartin.edu.tr (R.Tas)

Yiizey piiriizliligi ile ilgili ¢alismalar 1900’1 yillarda
yapilmaya baslanmis ve giinlimizde de devam
etmektedir. Son yillarda bilgisayar teknolojisinin
gelismesiyle, veriler iizerinde istatistiksel ¢aligmalar
yapilmaya baglanmistir. Bu sayede istenilen yiizey
plriizliiliigiini elde etmek i¢in belirlenen parametrelerin
etki oranlar1 belirlenirken, olusturulan matematiksel
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modellerle sonucun tahmin edilmesi de miimkiin
olmaktadir [1, 2].

Deneylerde kullanilan 1.2738 kalip ¢eligi malzemesi
homojen sertlik dagilimi, parlatilabilirlik, kolay kaynak
edilebilme ozelliklerine sahiptir. Kullanim alanlarini;
arabalarim tampon kaliplari, biliylik govdeli parcalarin
kaliplari, plastiklerin enjeksiyon, ekstriizyon, pres ve
sisirme kaliplari, vb. olarak siralayabilmekteyiz [3].

Frezeleme isleminde talas kaldirma sirasinda parca ve
takimin siirtiinmesiyle 1s1 meydana gelmektedir. Bu 1sinin
fazla olmasi parcanin yapisinin bozulmasina neden
olmaktadir. Bozulmay1 engellemek icin sogutma sivisi
kullanimi 6nem arz etmektedir. Kesme sivilari, Kesici
takim Omriinii uzatirken {iriin kalitesinin artmasina da
katki saglamaktadir [4].

Geleneksel yontemde kullanilan ideal kesme sivisi
kimyasal igeriklere sahip oldugu i¢in insan sagligini ve
dogay1r olumsuz etkilemektedir. Bu olumsuzluklar
sebebiyle kuru kesme islemleri yayginlik kazanmustir.
Ancak kuru kesme sartlar1 tam olarak is parcasinin
islenmesinde bir takim olumsuzluklara sebep olmaktadir.
Bu sonuglar dogrultusunda minimum miktarda yaglama
yontemi talagli imalat islemlerinde kullanilmaya
baglanmistir.  Minimumum  miktarda  yaglamanin
kullanimi insana, dogaya olan zarar1 azaltarak, ekonomik
agidan yarar saglayan bir yontemdir [4].

Adaptif ag tabanli bulanik mantik ¢ikarim sistemi
(ANFIS), yapay sinir aglarinin  akil  yiiriitme
yeteneklerinin ve bulanik mantigin tahmin edebilme
ozelliklerinin birlestirilmesiyle olusan bir metottur.
ANFIS, girdi ve ¢ikti degiskenleri arasindaki iliskiyi
analiz ederek veri setini olusturan ag tabanl yapidir [5].

Literatiirde yapilan calismalar incelendiginde, son
yillarda yilizey pirizliligi calismalarinda ANFIS
kullanilan g¢aligmalar oldugu gorilmektedir. Yildiz ve
Dilipak AISI 304 ve AISI 316 L 6stenitik paslanmaz gelik
malzemelerine kesme hizi, ilerleme ve sabit talas derinligi
parametrelerini  uygulayarak yiizey pirizliliigiine
etkilerini  incelemislerdir.  Ilerleme ve  yiizey
plriizliliginin  dogru  orantili  olarak  arttig
gozlemlenmistir. Yiizey piiriizliliigiine en ¢ok etki eden
parametrenin ilerleme oldugu sonucuna ulagmislardir [6].
Tekaslan ve arkadaglar1 AISI 304 ¢eligini tornalayarak
kesme parametrelerine bagh ylizey piiriizliligiini
incelemislerdir. Caligmada, ilerlemenin ylizey
plriizliligine etkisinin kesme hizina gore daha etkili
oldugu gorilmistir [7]. Yilmaz ve Gilli AISI 1050
¢eligi kullanarak ti¢ farkli ilerleme, kesme hizi ve kesme
derinligi ile tornalama islemi yapmuglardir. Yapilan
islemler sonucunda yiizey piriizliligi i¢in en etkili
kesme parametrelerini belirlemislerdir. Tlerlemenin yiizey
plriizliligi ile dogru orantili oldugu tespit edilmistir.
Kesme hizi ve talag derinliginin ylizey piriizliiliigiine
belirgin bir etkisi olmadigi goriilmiistiir [8]. Ergetin ve
Usca AISI 1040 ¢eligine tornalama isleminde farkli kesme
hizlar1 kullanarak yiizey piiriizliiliiklerini incelemislerdir.
Deney sonucunda en iyi yiizey piirlizliligiini maksimum
kesme hizinda oldugu gorilmistir [9]. Sirin ve
arkadagslar1 farkli sertlikteki AISI D2 soguk is takim
geligine kuru iglem sartlarinda yiizey frezeleme
yapmiglardir. Calismada Taguchi L9 dikey dizilimi
kullanilarak ylizey piiriizliliigiine bakilmis ve optimum
yilizey piuriizliliigii degerleri belirlenmistir. Deneyler

sonucunda Taguchi optimizasyon metodunun basarilt
oldugu goriilmiistiir [10]. Yalgin ve arkadaslart AA2024
aliminyuma farkli kesme parametreleri uygulayarak
frezeleme islemi yapilmiglardir. Kesme kuvveti ve yiizey
pliriizliiligii olgiilerek elde edilen degerlere Taguchi ve
ANOVA analizi yapilarak, kesme kuvvetine ve yiizey
ptriizlilliigiine en etkili faktorlerin ilerleme ve kesme hizi
oldugu gorilmistir [11]. Celik ve Kivak 17-4 PH c¢eligin
TIAIN-AICrO kaplamali sementit karbiir ile minimum
miktarda yaglama kullanilarak tornalanmasinda farkli
kesme yag1 ve isleme parametrelerinin yiizey
piiriizliligiine olan etkilerini aragtirmislardir. Optimum
kesme parametrelerini belirlemek i¢in Taguchi metodunu
kullanmislardir. Yiizey piirtizliliigiine etki eden en dnemli
parametrenin kesme yagi cinsi oldugu sonucuna
ulagilmiglardir [12]. Yildirim ve arkadaglari AISI 4340
marenzitik ¢eligin Aliimina kaplamali karbiir uglar
kullanarak tornalama deneylerini yapmislardir. Kesme
parametreleri ve Minimum Miktarda Yaglama (MMY)
parametrelerinin  yiizey  piriizliligline  etkilerini
incelemiglerdir. Caligma sonucunda bitkisel esasli kesme
yagimin yiksek viskozitesi nedeniyle ortalama yiizey
pliriizliligiint disiirdigi tespit edilmistir [13]. Kayir ve
arkadaglar1 AISI 316Ti paslanmaz ¢eligini tornalayarak
Taguchi ve ANOVA analizleri yapmuglardir. Kesici ug
yarigapt, kesici u¢ formu ve kesme parametrelerinin ylizey
puriizliligiine  etkisini  aragtrmuglar  ve  yiizey
puriizliiliigiine en etkili parametrelerin ilerleme ve Kkesici
ug yaricapi oldugu goriilmiistiir [14]. Basak ve Baday orta
karbonlu bir celige farkli kiiresellestirme 1s1l islemleri
uyguladiktan sonra tornalama islemini
gerceklestirmislerdir. Islem esnasinda olusan bagimli
degiskenleri (esas kesme kuvveti ve yiizey piriizlilik
degerleri) dogrusal regresyon metodu ile bagimsiz
degiskenlere(kesme hizi, ilerleme ve talag derinligi, 1si1l
islem sicakligi ve siiresi) bagli olarak modellemislerdir.
Bagimli degiskenler ile bagimsiz degiskenler arasindaki
iligkileri ANOVA anlamlilik testi ile belirlemislerdir.
Yapilan ANOVA testleri sonucunda ilerleme, talas
derinligi ve kesme hizi parametrelerinin esas kesme
kuvveti i¢in anlamli oldugu sonucuna ulagmiglardir.
Yiizey pirizliligi ig¢in ise anlamali parametrelerin
sicaklik, ilerleme, talas derinligi ve kesme hizi oldugu
anlagilmustir [15]. Ergetin ve arkadaslar1 toz metalurjisiyle
iiretilen biyomedikal Tz54 magnezyum alagimint farkli
kesme hizlarinda mikro frezeleme deneyleri yapmuislardir.
Deney sonucunda kesme kuvvetlerin, diger biyomedikal
malzemelerle kiyaslandiginda nispeten kiiciik oldugu
goriilmiigtiir [16]. Varyans analizi kullanilarak yiizey
puriizliiliigiine  etkilerinin  arastirlldigt  ¢alismalar
goriilmektedir. Varyans analizin sonuglar1 incelendiginde
yiizey piirtizliiliigline en etkin parametrenin ilerleme
oldugu goriillmiistiir [17, 18, 19, 20]. Dere ve Filiz 12mm
ve 24 mm ¢aplarindaki otomat ¢eligine tornalama islemi
uygulamuglardir. Ilerleme hizi, kesme hizi, kesme
derinligi ve farkli ¢ikinti uzunluklar1 parametrelerini
kullanarak bu parametrelerin yilizey piiriizliliigiine
etkilerini incelemislerdir. Calismada varilan sonuglar
kullanilarak, yiizey piirtizliiligiinii tahmin eden modeller
ANFIS ile gelistirilmis ve her parca i¢in ayr1 modeller
olusturulmustur. Istatiksel verilerin sonuglari
incelendiginde sapmalarin  diisik olmasi, ylizey
piiriizliligiini tahmin etmede ANFIS modellerin basarili
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oldugu sonucunu goéstermistir [1]. Bu ¢alismalarin yani
sira  ANFIS model kullanilarak yiizey piiriizliiligi
incelendigi birgok ¢alisma oldugu goriilmektedir.
Caligmalarin sonuglarina bakildiginda ANFIS modelin
istenilen basarida oldugu gortlmiistiir [ 21, 22, 23, 24, 25].
Gergeklestirilen bu calismada ise, 1.2738 kalip celigi 3
farkli kesme hizi ve 3 farkli ilerleme kullanilarak
frezeleme islemine tabi tutulmustur. MMY tekniginin
ylizey piiriizliliigline etkisi ANFIS ile modellenmistir.
Bulantk mantik ve yapay sinir aglarmin Dbirlikte
kullanildig1 bir model ile yiizey piiriizliliigliniin tahmini
gergeklestirilmigti.  ANFIS  ¢alismast MATLAB’ta
yapilmigtir.

MINITAB programinda elde edilen denklem ile regresyon
analizi yapilmistir.

2 Materyal Ve Metot
2.1 Ig Pargasi Malzemesi

Deneylerde ig par¢asi malzemesi olarak 1.2738 kalip
celigi kullanilmugtir. 1.2738 kalip ¢eligi, gelencksel freze
tezgahlarinda islenerek 65x100x50 mm ebatlarinda
getirilmigtir. Tablo 1’de 1.2738 c¢eliginin kimyasal
bilesimi gosterilmistir. Ayrica nitrasyon, krom kaplama
ve desenlemeye ¢cok uygundur.

Tablo 1. 1.2738 ¢eliginin kimyasal bilesimi

Karbon Krom Molibden Mangan Nikel Kiikiirt Kalsiyum
%C %Cr %Mo %Mn %Ni %S %Ca
0,40 2,00 0,25 1,50 1,00 <0,005 +

2.2 CNC Tezgah

Deneyler, Gazi Universitesi Teknoloji Fakiiltesi
Imalat Miihendisligi Béliimii Imalat Laboratuvarinda
gergeklestirilmigtir.  Deneylerde Johnford VMC-550
marka sanayi tipi CNC freze tezgahi kullanilmustir.
Tezgahin giicii 5kW, en yiiksek devir sayis1 6000 dev/dak,
hassasiyeti 1pum ve isletim sistemi Fanuc’tur. Deneylerde
kullanilan dik iglem tezgahi Sekil 1°de gosterilmistir.

Sekil 1. Dik islem tezgahi

2.3 Kesici Takim ve Takim Tutucu

Deneylerde AKKO firmasmna ait kesici u¢ ve
SUMITOMO firmasma ait takim tutucu, ACP-200
kaplamali u¢ ile kullanilmigtir. Deneylerde kullanilan
kesici u¢ ve takim tutucuya ait sekil, takim kodlar1 ve
Ozellikler Tablo 2’te verilmistir. Takim tutucuya 1 adet ug
takilarak deneyler gerceklestirilmistir.

2.4 Minimum Miktarda Yaglama (MMY) Ve Kuru isleme

Deney yapilirken minimum miktarda yaglama
(MMY) ve kuru isleme yontemleri kullanilmistir.
Minimum miktarda yaglama tekniginde yag, basingli hava
ile kesme ortamina puskiirtiilerek kesici takim ile is
parcasi arasinda bir yag filmi olusturur. Bu sayede
stirtiinme azalir, kesici takim ve is pargasi arasindaki 1st
atilmis olur. Bu yontem ¢ikan talaslarin kuruya yakin bir

sekilde kalmasini saglamasi sebebiyle de talaslarin geri
doniisiim maliyetlerini azaltmaktadir[4]. Kuru isleme
tekniginde ise kesme ortamina herhangi bir yaglayici ve
sogutucu verilmez. Calismada Sekil 2°de gosterilen SKF
firmasinin MMY sistemi kullanilmistir. Sogutucu yag i¢in
ise ¢elik malzemeler igin tretilen “Lubrioil” isimli yag
tercih edilmistir. Kullanilan yagin 6zellikleri Tablo 3’te
verilmigtir.

Tablo 2.Takim tutucu ve kesici ucun teknik ozellikleri

Taklm Tutucunun  Teknik I“(esici Takimin Teknik
Ozellikleri Ozellikleri

Takim Tutucunun Kodu: | Kesici Takimin Kodu:
AHFM-WD0603-D20 WDMT0603ZDTR

LB e :

Takim Kodu DZdL | a :
Coated Caride. | Dimensions ) ™
. Cat No. ACP | AGP | ACP
AHFM-WD0603-D20-C20-L150- ;
20320150702 fi |20 30 | M8 | 1| %
203 WONTOS03Z0TR [0 [0 I A
WONTOR03ZDTRH [wfo 0| || |

Tablo 3. Lubrioil yaginin zellikleri

MMY Sistem Yag1 DIN
ve Standartlara DIN 51757 51562 DIN ISO 2592
Gore Ozellikler
Yag o Yogunluk Viskozite Yanma
Cinsi Igerik 20° C ‘de 40° C “ de Noktasi
[g/cm?] [mm?s] [C°]
Ester
Lubrioil Yag
Asidi 0,92 47 265

Sekil 2. SKF firmasinin MMY sistemi
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2.4.1 Minimum Miktarda Yaglama Sisteminin Debisinin

Tablo 4. MMY sisteminin debi belirleme kriterleri

Belirlenmesi a| Ofur(apah 1 dakikada 0,2514gr | 0,25 mL/dak
onum)
Sisteme verilecek yag miktar;, deneylerden 6nce b iéirgiﬁﬁ(a 1 dakikada 0,4656gr | 0,45 mL/dak
0,45mL/dk olarak belirlenmistir. Cihaz iistiinde bulunan 6 tur agik :
ortama ya§ gecisini saglayan ayarlanabilir valf tur sayisi c e vt 1 dakikada 0,8792gr | 0,90 mL/dak
Olceginde acilmistir ¢linkii MMY sisteminin istenilen 9 tur agik ]
debiye ayarlanmasi gereklidir. Parganin iizerine d oldugunda 1 dakikada 3,258gr | 3,25 mL/dak
puskl.lr.tulc?-celf yag "blr beher igerisine ahnaraku hassas . 12 tur agik 1 dakikada 16,289gr 16,25
terazi ile Olglilmiistir. Kag¢ turun ne miktarda yaga denk oldugunda mL/dak
geldigi Tablo 4’te belirtilmistir.
Tablo 5. Kesme Parametreleri
2.5 Deneylerde Kullanilan Kesme Parametreleri Faktorler Birim | Seviyel | Seviye2 | Seviye3
Deneylerde ilerleme (f), kesme hizi (V) ve isleme Isleme teknigi (i) mL/dak 1(kuru) 4,5 9
teknigi (i) parametreleri 1.2738 plastik enjeksiyon kalr Herleme (f) mim/dis 95 0.8 L
eknigl (1) p L p JeKSTY Ip Kesme Hizi (V) | _mm/dak 80 130 180
celiginin frezelenmesinde uygulanmis, parametrelerin
yiizey piriizliliigiine etkisi deneysel olarak incelenmistir.
Tablo 5°te kesme parametreleri ve seviyeleri verilmistir.
Tablo 6. Deney modeli
Deney no v i f Ra Deney no v i f Ra
1 80 1 0,5 1,456 15 130 4,5 1 1,556
2 80 1 0,8 1,719 16 130 9 0,5 0,839
3 80 1 1 2,095 17 130 9 0,8 1,201
4 80 4,5 0,5 0,864 18 130 9 1 1,594
5 80 4,5 0,8 1,183 19 180 1 0,5 0,917
6 80 4,5 1 1,424 20 180 1 0,8 1,212
7 80 9 0,5 0,766 21 180 1 1 1,589
8 80 9 0,8 0,995 22 180 4,5 0,5 0,809
9 80 9 1 1,433 23 180 4,5 0,8 1,204
10 130 1 0,5 0,879 24 180 4,5 1 1,391
11 130 1 0,8 1,234 25 180 9 0,5 0,785
12 130 1 1 1,676 26 180 9 0,8 1,117
13 130 4,5 0,5 0,994 27 180 9 1 1,322
14 130 4,5 0,8 1,254

2.6 Adaptif Ag Tabanlh Bulanik Mantik Cikarim Sistemi
(ANFIS)

Adaptive Neuro Fuzzy Interference System
kisaltmasi olarak kullanilarak ANFIS yontemi, yapay
sinir aglarinin hesaplama kabiliyeti ile bulanik mantigin
¢ikarim yontemini birlikte kullanabilen karma sekilde
tasarlanmis yapay zeka sistemidir [26]. Bulanik mantik
yonteminin, veriler iizerinde uygulanabilmesi igin,
MATLAB programu icerisinde yer alan ANFIS editor
kullanilabilmektedir. ANFIS yontemi i¢in, girdi ve ¢ikti
degerlerinin olmast gerekmektedir. Verilerin
kiimelenmesinde, 11 karma 6grenme algoritmalar liyelik
fonksiyonu degerlerine gore siniflandirmalar yapmaktadir
[27]. Sinir Aglart ve bulanik mantik yonteminin beraber
kullanildigt ANFIS yonteminde, denemeler sonucu
hatalar belirli bir seviyeye kadar azalir ve belirli bir
seviyeden sonra azalma gdzlenmez. Bu durum, agin
o6grenme durumunun tamamlandigimi ve elde edilen
sonuctan daha iyi bir sonu¢ meydana getiremeyecegi

anlamina gelir [28]. ANFIS analizinin temelinde yer alan,
bulanik mantik sisteminin ilk asamasinda problem
belirlenir ve bu probleme uygun parametreler ile iyelik
fonksiyonlart olusturulur. Olusturulan parametre ve alt
kiimelere gore problemin Oziine yonelik kurallar
tanimlanir. Diger agamada, timevarim ya da tiimdengelim
ile olusturulan ¢ikarim yontemleri segilir. Son agsamada ise
bulanik olan degerler durulagtirma yontemiyle klasik
sayilar olarak belirlenir [29]. Bulaniklagtirma isleminde,
girdi ve ¢iktt degerleri, belirlenmis bir iyelik
fonksiyonuyla birlikte, iiyelik derecesini belirleyen [0,1]
araliginda bir degere ¢evrilerek bulaniklastirilirlar. Kural
tanimlama  asamasinda, kural tabani olusturma,
degerlendirme ve toplama adimlarinin baslangiclari
olusturulur. Kural Tamimlama asamasinda yer alan
EGER-ISE ifadeleri kavramsal terimleri birbiriyle
iligkilendirir. Fazla girdi oldugu durumlarda ise VE-
VEYA islemcileri bu girdileri birbirine baglar [30].Bu
calismada kullanilan ANFIS modeli MATLAB ile
gelistirilerek analiz yapilmustir.
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3 Deney Sonuglan

Calismada

Matlab programmin ANFIS yapisi
kullanilarak, deneylerde elde edilen verilerin ANFIS
modellemesi olusturulmustur. ANFIS modellemesinin

Untitled

flu)
{sugeno)

i(miimin)

amact girdi parametreleri (kesme hizi, ilerleme, isleme L
teknigi) i¢in olabilecek ¢ikti parametresini (ylizey p— — o —— o
puriizliliigii) tahmin etmektir. Sekil 3’te ANFIS’te
olusturulan girdi ve ¢ikti  parametreleri  yapisi And method prod ] |||z
gosterilmistir. Or method probor || [Nem=
Kesme hizi, isleme teknigi ve ilerleme inpicslin i :;:;
parametrelerinin her biri igin deger araliklar1 ve iiyelik Rice iy max
fonksiyonu grafikleri Sekil 4’te goriilmektedir. Defuzzification waver v hep | cose |‘

Membership function plots SolETE

Renaming output variable 1 to "Rau)”

Sekil 3.Girdi ve ¢ikt1 parametreleri yapisi

181

. . olot points:
FIS Variables FIS Variables Membership function plots i
YAY; in1dustar8 i ol st H‘IMISTGI"I in2custerks i e o 1 inidFriaterdd
X1 | '
V(mm(min} Ra{u) ‘WJ Rafy}
i{ml/min i{mlimin]
fimmiteath) fimm/teeth}
" 12 1 14 15 1 2
. . ot - fable "jlml/min)"
Current Variable Current Membership Function (click on WF to select) Current Variable Current Membership Function (click on MF to select)
Name V{mm(min) Name inlcluster?s Name i(ml/min} Name in2cluster??
Type nput Type gaussmf v | [ Type input Type gaussmf
Params 17,68 180] Params 141445
Range 180 180] Range 19 [ ]
Display Range [20 180] Help Cloge Dispizy Range ik Help Close
Selected variable ™V(mmimin )" Selected variable “i{mlimin)"
- . lot Doints:
FIS Variables Members hip function plots ® t point 181
in3dusterds i bR o | i SciateA
'
Vimmimin) Ra(p)
iml'min
XX
EANWAN
fimm/teeth)
input variable *fimm/teeth)*
Current Variable Current Membership Function (click on MF to select)
MName fimmitesth) Name indcluster2?
Type input Type gaussmf ~
Params
T 0 [0.08838 0.8]
Display Range 051 Help Close
Selected variable "fimmfteeth)”

ANFIS yapisi ile olusturulan model i¢in her bir

Sekild4.Kesme hizi, isleme teknigi ve ilerleme igin tiyelik fonksiyonu grafik

degiskene, program iizerinden ayarlamalar yapilmistir. 3
girdi degiskeni, 1 yanit degiskeni ve 3 3 3 fonksiyon
numarast kullantilmistir.

Girdi degiskeni i¢in trimf tiyelik fonksiyon tipi, ¢ikt1

parametreleri i¢in ise constant iyelik fonksiyon tipi
kullanilarak denemeler yapilmistir. Ogrenme algoritmasi
(FIS) hibrit metoduyla 20 epoch’ta ve hata toleransi sifir
olacak sekilde ayarlanmistir. Sekil 5’te gosterilmistir.
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Kesme hizi, isleme

Sekil 5. Girdi

teknigi ve ilerleme
parametrelerinden secilen degerlere karsilik gelen yiizey
pliriizliligii degeri, 6grenme algoritmasi (fis) kurallari ile

— INFUT ) Training Error — ANFSInfo.
Number of MFs: MF Type: #ofinputs: 3
333 1 # of input mfs:

trapmf 5 57 97 37

gbellmf th.l
To assign a different gau:sgff TR EEREEEEEEEEEEEEERE RN
number of MFs to each g;;lf m
input, use spaces to )
separate these numbers. ds!gm: 1 __ Stucture |

psigm 0 5 10 15 20 Clear Plot

v Epochs
Load data [ Generate FIS ~ [ TrainFI3 [ TestFIs 1
Type: From: Optim. Method:
—OuTPUT o () Load from file hybrid ~ || Plot against:
MF Type: ~ O e O file O Load from worksp. IErmr Tolerance: @ Training data
v Grid partiti Testing dat
O Checking @ worksp. O ri partton Epochs: D Esiing data
() Demo @ Sub. clustering 20 D Checking data
Load Data.. | Clear Dats | Generate FIS .. || | Zmiai Mg Test Now
oK ‘ Cancel ‘
Epoch 20:error= 4.607%e-06 ‘ ‘ Help Close

ve ¢ikt1 tiyelik fonksiyonlarimin segimi

elde edilmektedir. Algoritma girdi degerleri ve buna goriilmektedir.
V=180 i=4.5 f=0.8 Ra=12

1 —1 il 1T 1
2 T [ —1 1
3 [ — 1 — T 1 1
4 T =T~ I
5 C— T _—1 [ —1 1
6 [ _—1 1 — 1 1
T —1 1 T —1 1
a C— 1 T 1
] C——T—1 =T ]
10 1 [ —1
11 T —1 T 1 1
12 —] L —1 C—— 1 1 1
13 C——T—1 T —1 I
14 1] 1] 1
15 I C—— 1 1 . — 1
16 T 1 T I
17 [ 1T 1
18 C— T —1 C——1T 1 C— 1
19 1 — 1 1
20 T —1 T —1 1
2 — Il 1] 1
22— C——T—1 =T~ 1
23 I [ —1 1
M _—1 I —T—1 1
25 T 1 [ —1 ]
e [ —"1 1 1T —1 1
27 1 ]
Opened system Untitled, 27 rules Help | Close

Sisteme girdi olarak ii¢ bagimsiz degigken girilmistir.

Sekil 6. Ogrenme algoritmast (fis) kurallart

Uyelik  fonksiyonlarim  kullanarak 27
olusturulmustur. ANFIS 27 kuralin her birinden bir deger goriilmektedir.

kargilik gelen ¢ikt1 degerini sunmaktadir. Sekil 6’da 180
mm/dak, 4,5 mL/dak ve 0,8 mm/dis parametrelerine
karsilik gelen yiizey piiriizlilligii degerinin 1,2 p oldugu

elde etmistir. Elde edilen degerler tek bir ¢ikt1 degerine

kural doniistiirilmistiir. Sekil 7°de ANFIS modelin yapisi
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input ipnutmf rule outputmf output
¥
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ARDER
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=
Logical Operations
and
® o
not
Click on each node to see detailed information | | Update Help Close

Sekil 7. ANFIS model yapis1

ANFIS modelin verileri ile deney verileri mukayese
edildiginde elde edilen verilerin ayni oldugu goériilmiistiir.

Sekil 8’de gosterilmektedir.

o Training data: o FIS output : * - ANFShfo. -
& #ofinputs: 3
2 # of outputs: 1
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Grid partti Testing data
() Checking () worksp. (O Grd parton Epoche: (O Testing
O Oemo @ Sub. clustering 20 O Checking data
Load Data... | Clear Data Fli Train Now | Testhow |
‘ L ‘ ‘ Help Cloze

Sekil 8. ANFIS yapis1 igin normallestirilmis ¢ikt1 grafigi
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MATLAB kullanilarak yiizey piiriizliiliigii tizerindeki
kesme hizi ve ilerleme orani etkisinin gosterildigi 3B
yiizey grafigi olusturulmustur. Sekil 9°da ki Grafik
incelendiginde kesme hizi degerindeki degisimin Ra
lizerinde Onemli bir etkisinin olmadig1r goriilmektedir.
Buna karsin f degerinin degisimi Ra {izerinde 6nemli bir
etkiye sahip oldugu net olarak Sekil 10‘da goriilmektedir.

i(ml/min)

V(mm/min)

Sekil 11. Ra-V-i grafigi

1.4

123

119

1.18

117

{(mmmin)

Sekil 12. Ra-i grafigi

International Journal of Innovative Engineering Applications 5, 2(2021), 162-170

168



0. Asal et. al.

Kesme hizi ile isleme tekniginin yiizey pirizliligi
iizerindeki etkisi Sekil 11°daki 3B yiizey grafiginde net bir
sekilde goriilmektedir. Grafikte en biiylik ¢ikinti kuru
kesme sartinda oldugu dolayisiyla kuru kesme sartlarinda
yiizey piiriizliik degerinin yiiksek oldugu anlasilmaktadir.
Bunun yani sira Sekil 12°de de goriildiigii iizere en kiigiik
ylizey plirtizliliik degerinin 9 mL/dak isleme teknigi ve 80
mm/dak kesme degerinde oldugu tespit edilmistir.

oty
ity ‘\ \
AR S i

!
\\\\\\\\\‘s\\\\ N ) A\

flerleme ve isleme tekniginin gosterildigi Sekil 13’te
ki 3B ylizey grafigi incelendiginde, ilerleme oraninda
meydan gelen artigin yiizey piiriizliiliigi degerini arttirdig1
goriilmektedir.

3.1 ANFIS Model ile Regesyon Modeli Kiyaslamasi

Deney sonuglar1 {izerinde MINITAB programi
kullanilarak  regresyon analizi  gerceklestirilmistir.
Korelasyon katsayisinin karesi (R?) olarak bilinen
bagimsiz degiskenlerin bagimli degiskeni agiklama orani
ise, regresyon modelindeki aciklama miktarinin
aciklanmayan miktara olan oranidir. Regresyon katsayisi
ise, ilgili bagimsiz degiskendeki bir birimlik artigin
degiskende olusturacagi degisim miktaridir. Bu bilgiler
sonucunda, regresyon analizi, igleme teknigi, ilerleme hiz1

=13+ U i ve kesme hizi gibi kesme parametreleri degiskenleri ile
= i . ve es 1esqss s es - .. . .
Z ., yiizey  purizliligii  degerlerini  tahmin  etmeyi
SRNIR saglamaktadlr [31]. Reg’resyo‘n Analiz sonucunda ’ elde
11 4 \ ‘:Q“{\s‘\:t\:ﬁ;{:t}g edilen model asagida verilmistir. Olusturulan modelin R?
AL . .
, “\\t\\“\\\“\“\\‘l‘\x‘“‘ si %79,95 bulunmustur. Deney sonuglari, ANFIS modeli
ve regresyon ile elde edilen degerlerin kiyaslamas: Tablo
L 7’de verilmistir.
1 B 07 4 s Regresyon denklemi
fimmiteeth) - 05 i(miimin)
Sekil 13. Ra-f-i grafigi Ra = 0.680 — 0.001766V — 0,03680i + 1.263f (D)
Tablo 7. Deney- Regresyon- ANFIS karsilastirilmasi
Deney no \ i f Ra(Deneysel) Ra(ANFIS) Ra(Regresyon)
80 1 1 2,095 2,00 1,76492
5 80 45 08 1,183 118 138352
7 80 9 0,5 0,766 0,766 goe
10 130 1 0,5 0,879 0,879 104512
14 130 45 0,8 1,254 1,25 e
18 130 9 1 1594 159 138222
21 180 1 1 1,589 1,59 SR
23 180 45 08 1,204 12 120692
25 180 9 0,5 0,785 0,785 Diitern

4  Sonuglar

Bu caligmada kesme parametreleri ile deneyler
gerceklestirilmis, parametrelerin ylizey piiriizliligiine
etkisi incelenmistir. Yiizey piiriizliligiiniin tahmin
edilebilmesi i¢in, deneylerde elde edilen sonuglar
kullanilarak ANFIS ile bir model gelistirilmistir. Modelin
belirlenmesi i¢in iiyelik fonksiyon tipleri kullanilmistir.

Denemeler yapilarak en diisiik hata toleransini veren
model elde edilmeye ¢alisilmistir. Buna gore;

e Genel olarak bakildiginda Ra iizerinde en etkili
parametrenin ilerleme orani oldugu elde edilmistir.

e ilerleme orani degerinin artmasiyla yiizey piiriizliiliik
orani degerlerinin arttig1 belirlenmistir.

e MMY tekniginin Ra iizerinde etkili oldugu
gorilmiistiir.

e Kuru isleme sartlarinda yiizey piiriizliilik degerleri
yiikksek ¢ikarken, MMY uygulandiginda Ra
degerlerinde azalma olmustur.

e Bu deney sartlarina gore, kesme hizi Ra iizerinde her
hangi bir etkisi olmadig1 belirlenmistir.

e Yapilan modelleme ile deney sonuglari ile model
sonu¢ degerleri %100 oraninda ayni1 olarak ¢ikmistir.

e Regresyon analiz sonuglarinin %71 oraninda
dogruluk sagladig1 goriilmiistiir.
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Abstract

Original scientific paper
Apricot flower midge (Contarinia pruniflorum) emerged in February-March and lay eggs on the flower buds of the apricot trees. The larvae
hatching feeds through the bud wall and flower genital organs. The damaged flower does not turn into fruit. It is a pest that directly affects
the yield. This study was carried out in Malatya and Elazig provinces (Turkey) in 2017-2018. Prevalence areas in apricot orchards and the
damage rate were determined. The highest infestation rate of the pest is in Kale and Battalgazi districts of Malatya and Baskil district of
Elaz1g with 100 %, then, Yesilyurt 95%,Yazithan 90%,Ak¢adag 76%, Darende 75%, Kuluncak 50%, Arguvan 50% and Dogansehir 12.5%
followed by infestation rates. No pests were found in the orchards which were controlled in Hekimhan district of Malatya and Elbistan
district of Kahramanmaras. Although the damage rate varies according to years, it was determined that the flower damage rate was 0.7%
and the fruit set rate was 10.6 % in orchard in Kale where the pest control is done, while the damage rate was 11.8% and the fruit set rate
was 2.9% in the orchard without pest control in 2017. In 2018, when compared with orchards with or without pest control, while there was

damage in the number of flowers, but there was no change in the amount of fruit.

Keywords: Apricot, Contarinia pruniflorum, damage rate, Elazig, Malatya.

1 Introduction

Apricot flower midge (Contarinia pruniflorum
Coutin & Rambier Diptera: Cecidomyiidae) was firstly
identified in Prunus species [1]. Then, it was detected in
culture Prunus species in Czechoslovakia, Italy, Greece,
and Turkey. Some studies have been done on this pest by
researchers such as determination and pest control [2-6].
First time in Turkey, it was determined that apricot
damage given by this pest in Malatya province [7,20,21].
C. pruniflorum, a new pest of apricot, was first identified
morphologically by molecular characterization using the
COl gene sequence [21].

Adults of the pest lay eggs on the flower buds of the
tree, the larvae hatching feeds through the bud wall and
flower genital organs. The damaged flower does not turn
into fruit. Apricot is an important source of economic
income for Malatya and its districts. Half of the apricot
trees, approximately 16 million, in Turkey are planted in
Malatya [8]. This number is increasing every year. Turkey
which produces 60% of the world’s dried apricot is also
the dominant country in apricot export [19].
Approximately 85% of dried apricots in Turkey are
produced in Malatya province [9].

Many pest species are threatening this source of
income such as Apricot flower midge. Especially for

* Corresponding author.
E-mail address: talipyigit7o@hotmail.com (T. Yigit)

climatic reasons, the pest population has increased for a
few years and caused serious damage especially in the
apricot orchards of Malatya province. Knowling of its
prevalence area and damage rate is necessary for pest
control.

The study was conducted to determine the prevalence
areas in apricot orchards in Malatya province and its
vicinity to the pest control correctly. Also, the damage rate
in Kale district of Malatya province in Turkey was
determined.

2 Material and Method

The material of the study was apricot flower midge,
apricot trees and the results of previous studies.

2.1 Determination of Prevalence Areas of Contarinia
Pruniflorum

The study was conducted in Kale, Battalgazi,
Yesilyurt, Yazihan, Hekimhan, Akgadag, Arguvan,
Dogansehir, Kuluncak districts of Malatya province with
Baskil district of Elazig in 2017 and, in Darende district
of Malatya and Elbistan district of Kahramanmaras
province in 2018. The study area comprises
approximately 53% of the Turkey apricot trees [10].
Orchards were controlled in these areas in the apricot
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flowering period (February, March, April). Survey studies
were conducted by making systematic samplings based on
0.01% of the total number of trees [11]. While
representing the number of trees to be controlled in the
selected orchards, the number of trees controlled in each
orchard is limited to a maximum of 6 trees for sampling
in more orchards. The number of trees checked is given in
Table 1. During the survey, the trees were examined by
the eye. Each tree was examined for at least 3 minutes and
the inside of the unbossed buds was examined. When the
pests were detected in the controls, that tree was admitted
as contaminated.

Plant parts contaminated with pests were collected
and put on paper bags and brought to the laboratory and
necessary counts were made. The prevalence rate was
determined by comparing the contaminated trees to the
total examined number of trees.

2.2 Determination of Damage Rate

The studies; It was carried out in an apricot orchard in
Kale district of Malatya, where the pest population is
dense. Insecticide (25 g deltamethrin, 30 ml dose in 100
liters of water) was applied to the selected four trees

during the period of laying eggs (23.02.2017 for 2017 and
11.02.2018 for 2018) of the pest. No insecticide was
applied to 4 other trees. Then, in the flowering period,
250’s flowers were counted from 1.5-2 m height, 4 sides
of each tree and, damaged flowers and the fruit set rate
were counted. The data were analyzed with the SPSS 16.0
statistical program. The studies were conducted in 2017
and 2018 for 2 years.

3 Results and Discussion
3.1 Prevalence Areas of Contarinia Pruniflorum

Table 1 shows the number of controlled trees and
infestation rates in the districts.

When Table 1 is examined, the highest infestation rate
of the pest is in Kale and Battalgazi districts of Malatya
and Baskil district of Elazig with 100 %, then, Yesilyurt
95%, Yazihan 90%, Akcadag 76%, Darende 75%,
Kuluncak 50%, Arguvan 50%, Dogansehir 12.5%
followed by infestation rates. No pests were found in the
orchards controlled in Hekimhan district of Malatya and
Elbistan district of Kahramanmaras.

Table 1. The number of apricot trees in the study area and trees controlled

Provinces Districts Total number of Controlled tree Infested trees Infestation rate
trees (Piece) (Piece) (Piece) (%)
Battalgazi 1210000 120 120 100
Yesilyurt 1115000 120 114 95
Akcadag 1416000 150 114 76
Arguvan 168400 24 12 50
Darende 1233850 120 90 75
Malatya Dogansehir 465700 48 6 125
Hekimhan 815000 84 0 0
Kale 184540 36 36 100
Kuluncak 378500 36 18 50
Yazihan 651500 60 54 90
Elazig Baskil 768060 84 84 100
Kahramanmarag Elbistan 1114000 132 0 0

C. pruniflorum was firstly identified in wild Prunus
species such as Prunus sipinosa and Prunus mahaleb [1].
However, nowadays the damage to species such as apricot
and plum has increased. Although the wild Prunus species
are their main hosts, the pest has started to damage Prunus
species such as apricot and plum grown commercially and
having similar phenological periods with the increase of
pest population. [12] stated that the life cycle of the pest
was very closely related to the phenology of the host plant
and the increase in the density of this insect in apricot trees
might be related to the synchronization of the phenology
of apricot with the phenology of wild Prunus species.
They also stated that this may be the reason why C.
pruniflorum migrated from the main host plants to apricot.

The pest has been so far determined in France-Drome-
Heraulth-Normandy regions [1,12,13], Italy- Bologna [2],
Czechia [14], Belgium [4], Greece- Corinth [15] and
Turkey-Malatya [7,20]. When we consider the regions
where the pest is generally seen in the Mediterranean
countries, and the pest prefers apricot trees or the damage
in apricot is more apparent.

3.2 Damage Rate

To determine the damage rate, counts were made in
the parcels pesticide applied and pesticide-free, and given
in Table 2- 3. Statistical evaluation of the data is given in
Table 4-5. In 2017, there was a statistical difference
between pesticide applied and pesticide-free applications.
In 2018, although there was a statistically significant
difference in the number of damaged flowers and the
damage rate of flowers, there was no difference in the fruit
set rate.

When Table 2 is examined, it is seen that the average
flower damage rate of the pesticide-free orchard is 11.8%
and the fruit set rate is 2.9% in 2017, while the flower
damage rate in the pesticide applied orchard is 0.7% and
the fruit set rate is 10.6%. When Table 3 is examined, it is
seen that the average flower damage rate in the pesticide-
free orchard is 3.8% and the fruit set rate is 19.8%, the
flower damage rate in the pesticide applied orchard is
0.1% and the fruit set rate is 20.7% in 2018. According to
meteorological data in 2018, the air temperature in the
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first half of February (Table 6) was higher than the
seasonal norms, which caused the high insect population.
However, high temperatures led to rapid growth in the
plant, which caused the flower buds to develop rapidly,
thereby shortening the appropriate period for the insect to
lay eggs. Although the population is high, it is considered
that the damage level in the buds is low due to the short
duration of overlap between the oviposition time and the
phenological period of the plant. The physiological
development of the plant and consequently the suitability
of the phenological period affected the insect damage.

[16] reported that the flower damage caused by C.
pruniflorum in apricot orchards in Greece reached 60-
65%. This ratio is very high and can result in a significant
decrease in yield.

To determine the effect of the direction in
applications; pesticide applied and pesticide-free
applications were subjected to the Anova test in SPSS
16.0 statistical program under 4 different groups (east,
west, north, and south) and it was found that the directions
were not important in both years.

Table 2. Damage Rate of Contarinia pruniflorum (2017)

Replications ~ Number Number of damaged Flower damage rate Fruit set (Pieces) Fruit set rate (%)
of flowers (Piece) (%)
checked  pesticide pesticide- pesticide  pesticide- pesticide  pesticide- pesticide  pesticide-
flowers applied free applied free applied free applied free
(Piece)
1. Rep. 1000 6 164 0.6 16.4 109 42 10.9 4.2
2. Rep. 1000 8 96 0.8 9.6 40 45 4 4.5
3. Rep. 1000 8 123 0.8 12.3 163 18 16.3 1.8
4. Rep. 1000 6 89 0.6 8.9 112 11 11.2 1.1
Mean 7 118 0.7 11.8 106 29 10.6 29
Table 3. Damage Rate of Contarinia pruniflorum (2018)
Replications Number Number of damaged Flower damage rate Fruit set (Pieces) Fruit set rate (%)
of flowers (Piece) (%)
checked  pesticide  pesticide-  pesticide  pesticide-  pesticide  pesticide-  pesticide  pesticide-
flowers applied free applied free applied free applied free
(Piece)
1. Rep. 1000 1 61 0.1 6.1 189 194 18.9 19.4
2. Rep. 1000 1 34 0.1 3.4 228 242 22.8 24.2
3. Rep. 1000 0 31 0 3.1 160 214 16.0 21.4
4. Rep. 1000 2 29 0.2 29 253 144 25.3 14.4
Mean 1 38.75 0.1 3.87 207.5 198.5 20.75 19.85
Table 4. T-test results between pesticide applied and pesticide-free applications (2017)
N mean Standard deviation F Sia.(p)
Damaged flower (pieces) pesticide-free 16 29.5000 14.04279 15.86 0.00
pesticide applied 16 1.7500 77460
Flower damage rate (%) pesticide-free 16 11.8000 5.61712 15.86 0.00
pesticide applied 16 .7000 .30984
Fruit set (pieces) pesticide-free 16 7.2500 6.07179 0.00
pesticide applied 16 26.5000 19.74842 8.83
Fruit set rate (%) pesticide-free 16 2.9000 2.42872 8.83 0.00
pesticide applied 16 10.6000 7.89937
Table 5. T-test results between pesticide applied and pesticide-free applications (2018)
N mean Standard deviation F Sig.(p)
Damaged flower (pieces) pesticide-free 16 9.6875 5.05594
pesticide applied 16 0.2500 0.57735 11.758 0.002
Flower damage rate (%) pesticide-free 16 3.8750 2.02237
pesticide applied 16 0.1000 0.23094 11.758 0.002
Fruit set (pieces) pesticide-free 16 49.6250 22.15664
pesticide applied 16 51.8750 12.53196 7.014 0.13
Fruit set (%) pesticide-free 16 19.8500 8.86266
pesticide applied 16 21.3750 5.46303 5.327 0.28
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Table 6. February temperature values in Kale district of Malatya province (°C)

2017 2018
D Daily Maximum  Daily Minimum Daily Average Daily Maximum  Daily Minimum Daily Average
ays Temperature Temperature Temperature Temperature Temperature Temperature
p p p p p p
1 2.1 -5.6 -2 9.8 0.4 4.7
2 4.9 -5 -1.8 8.9 -0.2 3.6
3 7.2 1 4.5 9.5 3.3 7.4
4 6.5 -3.1 1 7.7 2.3 5
5 5.9 0 2.4 10.2 3.3 6.1
6 8 14 3.8 11.6 2 6
7 8.9 0 36 8.3 2.4 4.8
8 9.5 2.7 5.4 11.8 2.2 6.7
9 9.6 2.2 5.4 10.5 3.7 7.1
10 12 3.5 7 10.1 2.4 6.2
11 11.1 0.8 5.7 15.8 4.8 9.1
12 8 0.2 3.8 14.7 7.3 11.3
13 5.8 -2.6 1.3 13.2 6 9.4
14 4 -4.6 8.6 11.7 1.8 7.5
15 2.9 -3.5 4.2 14.1 7.2 10.9
16 4.4 -3.6 -0.1 14.8 5.2 9.6
17 3.8 -4.7 -1 12.2 7.3 9.9
18 5.9 -5.4 -0.6 7.5 4.8 6.3
19 8.5 -3.2 1.8 11.9 1.7 6.8
20 9 -2.2 2.8 12.4 3.8 7.6
21 11.3 -1.5 4 9.3 6.8 8.3
22 14.6 1.1 6.5 10.4 6.3 7.9
23 12.8 4.5 8.2 12.6 3.5 7.3
24 13.4 0.9 6.6 13.6 4.1 8.4
25 15.7 3.3 9.3 10.2 6.4 8.4
26 14 3 8.4 9.2 2.5 5.5
27 16.1 4 9.6 10.5 7.2 8.9
28 16.7 4.7 10.2 14.3 3.2 8.4

When the damage type of the insect is examined;
larvae hatching progresses in the flower petals and settles
into the bud. There, it begins to eat the bud wall and the
flower does not bloom. Therefore, flowers do not turn into
fruit and cause damage that affects the amount of product.
Damaged buds are seen on the tree even after the flower
petals are completely shed at the end of flowering (Fig. 1).

Figure 1. Damage typé a- Not bloomed flower with C. pruniflorum,
b-Healthy flowers with petals shed at the end of the flowering period

When the population was dense, the harmony
between the oviposition time and the phenology of the
plant caused harm to both flower and fruit set. [15] stated
that the pest was firstly detected in Emilia Romagna, Italy
in 1996, although the presence of the pest was very limited
at the beginning in apricot, it had a serious effect on
apricot blossoms in recent years and the pest symptoms
increased especially with late spring frosts.

In the study, it was determined that the insecticide
with the active ingredient deltamethrin was successful in

the pest control when the pest started to lay eggs.
However, the pest control should be decided by
monitoring the biological periods of the insect and
temperature data, and chemical control should not be
made unless necessary. Alternative pest control methods
should be developed due to adverse effects of chemicals
on the environment, human health, residues in plants,
increasing chemical resistance in insects and the pest
control in organic orchards where the use of the chemical
is restricted. In chemical control studies against to the
adult stage, [2] found that microencapsulated fenitrothion
treatments were significantly more effective than
phosalone and acephate applications in control studies
against pest in Bologna Imola, Italy. [12] stated that the
reduction of winter oil applications in orchards is
beneficial for the pest, however, applications such as an
oleoparathion Parathion-ethyl between bud swelling
period and red bud period will reduce this damage to a
large extent. They stated that it is possible to abolish the
use of oleoparathion-based chemicals in Europe by legal
regulations and therefore, alternative solutions should be
found to eliminate the infestation. On the other hand, they
stated that the problem is still not solved in organic
orchards and, it is the most important problem in apricot
orchards in Drome and should be monitored. [15] stated
that the pest control in apricot should be done against
adults in Emilia Romagna, Italy in 1996. In the study it is
stated that the severity of the damage was due to the
harmony between the flight period of the insect and the
pink bud period of the apricot, the adults were affected by
strong rains, strong winds and severe temperature drops
and the side effects of insecticides to the environment and
other beneficial insects should be taken into consideration
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when chemical control is made against the pest. [17]
reported that apricot flowers, which were attacked by the
pest, did not open and hung on the branch, became
swollen and blackish. They reported that a pre-flowering
pest control against Brachycaudus persicae and
Hyalopterus pruni was effective against C. pruniflorum
using neonicotinoid group chemicals (acetamiprid,
clothianidin, imidacloprid, nitenpyram, nithiazine,
thiacloprid, and thiamethoxam). Ondet (2004), in the
study conducted in GRAB (Groupe de Recherche en
Agriculture Biologique) in 2002, it was determined that
Quassia amara L. against C. prunuflorum was statistically
different from the control application and 60% more
effective. [18] in their study, a ground application with Q.
amara L. applied to remove the newly emerging adults.
According to the results of the flower counting, the
application with Quassia did not have a significant
difference compared to the control, and so the application
of Quassia at ground level was not effective.

As a result; the pest is gradually increasing its
prevalence areas over the world. It has been a pest that has
a direct effect on the yield, especially in apricot areas,
until recently it has not been detected. It is necessary to
the pest control if the population is high by determining
the emergence time of the pest. Especially in the low
population, chemical control should be avoided. It is
important to investigate alternative control methods for
chemical control such as bioinsecticide use, cultural and
biotechnical methods. Sudden temperature drops
occurring at the oviposition time, adverse climatic
conditions such as precipitation and strong winds, as well
as sudden high temperatures that cause rapid progression
of plant phenology, have reduced the oviposition of the
pest. In such cases, the negative effect of the pest on the
fruit set decreases. However, the damage of this insect is
more distinct in the years when direct damage occurs in
flowers and fruits due to late spring frosts.
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Abstract
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In high energy physics experiments data quality plays a significant role for particle identification. Methods used in particle analysis are
mainly based on high level knowledge and complex computation skills of human experts and require long time for data quality assurance.
Artificial intelligence (Al) applications in various fields are getting important to improve the speed, accuracy and efficiency of human
efforts. For this purpose, artificial intelligence-based machine learning approach can be used in particle physics analysis. Dielectrons (e
e*) are electromagnetic probes that provide information about dynamics of the medium formed in high energy collisions due to lack of
final state interactions. A high purity sample of ee* pairs can be obtained by traditional cut-based methods resulting in low efficiency. In
this contribution, application of machine learning approaches in dielectron analysis is discussed.

Keywords: Dielectron, machine learning approach, random forest.

1  Introduction 1.1 Dielectrons

The purpose of particle collisions at ultra-relativistic
energies is to understand the evolution of the universe by
creating little ‘Big Bang’ under laboratory conditions.
When two nuclei collide, the nucleons at the collision zone
interact initially resulting production of high momentum
particles. The non-interacting particles in the collision
region begin to thermalize and form dense and hot quark
and gluon soup, QGP phase. This fireball expands and
cools down until the chemical freezeout temperature (T¢)
at which particle species are fixed. At this stage, the
particles are in the form of partonic and hadronic states [1,
2, 3]. The medium continues its expansion until the Kinetic
freezeout temperature (T) at which the particle yields are
fixed [1, 2, 3]. In the end of these stages the particles are
identified by detectors. Dynamics of the medium formed in
the high energy particle collisions are shown in Figure 1

[4].

A Freeze-out

Hadron Gas

Figure 1. Dynamics of heavy ion collisions [4].
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The medium evolution in high energy collisions may
be investigated by studying experimental probes which
provide information about the characteristic features of
each phase. Dielectrons are electron — positron pairs that
are the unique tools to study different stages of the
collisions. Since dielectrons are leptons they do not
participate in strong interactions resulting lack of medium
effect on their production. Therefore they can be used to
probe the inner regions of collisions. In addition, their
production any stage of the collision makes them a
significant tool to investigate the whole dynamics of the
system.
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Figure 2. The dielectron spectrum in high energy collisions [5].
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A schematic view of dielectron mass spectrum with
corresponding sources in ultra-relativistic heavy-ion
collisions is represented in Figure 2 [5]. Basic properties of
the collision medium such as evolution of hadronic matter,
phase transition and medium temperature can be
determined by studying spectrum of dielectron pairs. In
addition, different mass ranges of the distribution are
sensitive for different stages and physical properties of the
medium. In the spectrum, higher mass region gives
information about early stage of the system evolution since
these pairs are production of virtual photon produced by
quark — anti quark interactions called Drell-Yan process

PREDICTION

[6]. Quarkonium decays such as Jiy and Y are other
sources of the pairs in this region providing information
about hard scattering process. Dielectron pairs between 1
— 3 GeV/c?are produced during the thermalization stage by
D'D" meson decays. Since DD may decay
semileptonically, at the intermediate mass region the pairs
have continues distribution. Low mass dielectron pairs are
produced due to p, ®, ¢ resonances and Dalitz decays. In
order to investigate initial state of the medium, higher mass
region of the pair spectrum between 2 — 5 GeV/c? can be
studied.

PREDICTION PREDICTION
[

MAJORITY VOTE TAKEN }—' FINAL PREDICTION MADE ‘

Figure 3. Schema of random forest classifier algorithm [14].

A high purity sample of electron — positron pairs are
required to identify the dielectron spectrum. Due to various
large sources of background, it is challenging to extract the
pair signals. Rejection of those background components
needs sophisticated analysis techniques that bring high
purity samples with low signal efficiency resulting in high
systematic uncertainties. For this reason, implementation
of artificial intelligence (Al) based machine learning (ML)
tools for pair identification is the necessity to improve
dielectron spectrum with high efficiency.

1.2 Machine Learning Approach in Particle Analysis

In this study machine learning approach based on
Random Tree method [7] was developed to enhance
dielectron pair identification in particle and high energy
experiments. For this purpose Random Forest Classifier
[7], one of the supervised learning algorithm, was used.

1.2.1 Random Forest Classifier

Random Forest Classifier is a bagging classifier
including Decision Trees. In the model, there is an
ensemble of trees producing decisions according to a set of
sub-decisions. In each decision tree there are nodes and
leaves representing features and decisions respectively.
The nodes are generated by choosing the best features from
the subset of features applied to train current tree. The
quality of the node split for each feature can be evaluated
by estimation of entropy gain or Gini index, probability of
wrong classification for a given property. [8] The model
has two steps: the creation and prediction [9]. In the
classifier firstly a set of trees are generated from subset of

randomly chosen training sample. After this process the
votes from different decision trees are collected to give
final decision of the test sample [10, 11, 12, 13]. Schema
of the classifier algorithm is represented in Figure 3 [14].
In ML approach depending on the model hyper-
parameters, a set of parameters initiated at the beginning of
the learning process, can be adjusted. In Random Forest
Classifier hyper-parameters such as number of decision
trees inside the forest, maximum depth of a tree and
minimal impurity of a node can be tuned [8].

There are several advantages of using Random Forest
Classifier. First of all the classifier can be used for both
classification and regression. In ML studies, overfitting
that is loss of correct classification ability of the model for
the samples out of training set is one of the main problems
[15]. Since it is a forest of decision trees the model is
resistant for overfitting. In addition, the measurement of
the relative importance of each feature on the prediction
makes model interpretable. Lastly, compared to a Decision
Tree method Random Forest Classifier is more precise due
to having forest of decision trees. The cost of having forest
is the long process time which is the main disadvantage of
the model.

2 Experimental Setup
2.1 Data Set

For ML based classifier development, proton proton
collision at the center-of-mass energy 7 TeV with the
integrated luminosity 41.47 pb-1 data set collected by the
CMS experiment in 2010 was used to study electron pairs
from 2 — 5 GeV/c? [16 - 20]. In the analysis 10015 pairs

International Journal of Innovative Engineering Applications 5, 2(2021), 176-180

177



Artificial Intelligence Based Machine Learning Approach in High Energy Physics

were analyzed. 67% of these pairs were ee* pairs, called
signal, and 33% of these pairs were background including
e'e”and e*e* pairs. The spectrum of signal and background
pairs is represented in Figure 4.
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Figure 4. Invariant mass spectrum of all pairs including signal (e'e*),
and background (e'e”and e*e”).

For identification of dielectron pairs python [21]
implementation of the Random Forest classifier by scikit-
learn [22] package was used.

2.2 Application of the Classifier

ML application in particle physics is challenging as
compared to its implementation in other research areas due
to the nature of quantum mechanics resulting in
interference between the particle signal and background
[23]. Different ML approaches have been studied to
advance the physics results such as higgs boson estimation
[24, 25], and beam dynamics analyzation at the CERN
Large Hadron Collider (LHC) [26]. It is revealed that with
random forest classification particle recognition [8] and
data quality investigation [27] can be accomplished.
Therefore the random forest classification model was
selected to analyze the production of dielectrons.

In the end of high energy collisions, detectors identify
the particles with the help of global features (GF) such as
charge (q), pseudorapidity (n) and transverse momentum
(pr) that are directly determined by the detectors. By using
GF of the particles, characteristic features (CF) such as
momentum (p), invariant mass (M) of pairs and opening
angle between pair partners (8) can be calculated for the
pair identification [28]. Global and characteristic features
are listed in Table 1.

Table 1. Global and characteristic features used in the analysis.

Global Features Characteristic Features
(GF) (CR)
q,.d, (charge) M (invariant mass of pairs)
n,.n,(pseudorapidity) p (momentum of pairs)
¢, 9, .
0 (opening angle
(azimuthal angle) (opening angle)
pzl’ pzZ
(z component of momentum)
pT1’ pT2
(transverse momentum)

Since Random Forest Classifier provides information
about relative importance of each feature on the prediction,
in this study GF and GF+CF were implemented to model
separately to understand the impact of features on
classification. By using the classifier with and without CF
it can be understood if detector responses are good enough
for reconstructing pairs, if the highest importance feature
matches with the ones used in traditional cut-based
methods and if the pairs are derived with the highest
efficiency. In both scenarios, hyper-parameters of the
classifier were tuned to have the best prediction. In the
experiment 60% of data was selected for training and 40%
of data was selected for test.

Thanks to the model, feature importance on
classification of dielectron pairs in GF and GF+CF
implemented models were studied and shown in Figure 5
and 6, respectively. Comparison of feature importance
represented in Figure 5 illustrated that GF implemented
classifier highly used charges of particles to make
prediction of the pairs which is also used in traditional cut
— based pair identification method. GF+CF implemented
model used characteristic features dominantly to predict
dielectrons as shown in Figure 6.
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Figure 5. Feature importance of GF implemented Random Forest
Classifier study.

020

015

o
2
s

o
=1
@

0.00

010

000 |IIIIIIIIII
= e 3 = 3 § i & & & ¢

Figure 6. Feature importance of GF + CF implemented Random Forest
Classifier study.
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3  Results

In ML approaches precision, sensitivity and F-1 scores
are widely used metrics to evaluate the success of
implemented models. They are defined in Eq. (1), Eq. (2)
and Eq. (3), respectively:

International Journal of Innovative Engineering Applications 5, 2(2021), 176-180

178



S. Yalgin Kuzu

Precision = (1)
1S1 f
Sen .t.V.ty = (2)
S1T1V1 N’

2 X Precision X Sensitivity
F — 1 Score = — . €))
Precision + Sensitivity

In the equations TP, FP and FN represent number of
correctly classified dielectron pairs, misclassified
dielectron pairs and misclassified background pairs. As it
is understood from Eq. (3) F-1 Score is the harmonic mean
of precision and sensitivity. The average precision,
sensitivity and F-1 Score of GF and GF+CF implemented
models are listed in Table 2. As it is demonstrated in the
table compared to GF+CF implemented model, GF
implemented classifier showed almost 20% more precise
and sensitive results.

Table 2. The average precision, sensitivity and F-1 Score of GF and
GF+CF implemented classifiers

Features Average Average Average
Precision Sensitivity F-1 Score

GF+CF 0.78 0.72 0.65

GF 0.93 0.93 0.92

Another popular metric for ML applied models is Area
Under Receiver Operating Characteristic Curve (ROC-
AUC) [15] that is shown in Table 3 for GF and GF+CF
implemented classifiers separately. It is concluded that by
using global features Random Forest Classifier find e*e
12.43% better than CF applied model which is also used in
traditional pair identification method in high energy
experiments.

Table 3. Comparison of ROC-AUC for GF and GF+CF implemented

classifiers.
Features ROC-AUC
GF+CF 0.874
GE 0.998

4 Conclusion

In this study, Random Forest Classifier model is
applied for e'e* pair identification produced in high energy
collisions to understand early stage of universe. The
classifier is selected due to having forest of decision trees
preventing overfitting problem in ML models. To
understand effect of features on prediction, GF and GF+CF
were implemented separately in the model. It is shown that
global features implemented Random Forest Classifier
determined e*e” 12.43% better than CF applied model. The
results showed that features directly from detectors are
good enough to be used in ML based pair identification
without further human effort. In addition, comparison of
two different set of features implemented model showed
that selection of features has an important role on
predictions. The results also proved that without hard and
time consuming background analysis the pairs can be
identified with high efficiency. Application of machine
learning techniques is promising and may enhance the
quality of particle experiment results.
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Abstract

Original scientific paper
In this study, the effects of cutting parameters of Sverker 21 cold work tool steel on the white layer and cutting surface hardness of the
post-processing material were investigated using wire erosion (WEDM) method. The purpose of using high alloy steel; It is widely used
in the molding industry due to its high hardness, wear resistance and toughness properties depending on the alloying element and carbon
ratio it contains. Both commercial and heat-treated cold work tool steel were used in the experimental studies. Commercial sample and
heat-treated sample, time between two arcs (us), voltage (V), liquid pressure (bar), wire tension (g), wire feed rate (m/min) were used as
cutting parameters. Materials were cut using the Taguchi experimental design plan and the Lig orthogonal array for the experiment design.
As a result, the machined surface hardness and the regenerated white layer thickness were investigated. According to the ANOVA method,
the most effective parameter on the white layer thickness is the commercial and heat-treated sample parameter with 57,236%. In the cut
surface hardness values, the most effective parameter was the sample parameter at the rate of 98.627%.

Keywords: Wire-EDM, white layer, Taguchi, ANOVA.

ISIL ISLEM GORMUS D2 SOGUK I$ TAKIM GELIGININ TEL EROZYONDA iSLENMESINDE
KESME PARAMETRELERININ BEYAZ TABAKA KALINLIGI VE YUZEY SERTLIGINE ETKISi

Ozet
Orijinal bilimsel makale

Bu ¢alismada tel erozyon (WEDM) yontemi kullanilarak Sverker 21 soguk is takim g¢eliginin kesme parametrelerinin isleme sonrast
malzemede olugan beyaz tabaka ve kesme yiizeyi sertligine etkileri incelenmistir. Yiiksek alasimli ¢eligin kullanilmasindaki amag; icerdigi
alasim elementi ve karbon oranina bagl olarak yiiksek sertlik, aginma dayanimi ve tokluk dzelliklerinden dolay: kalip¢ilik endiistrisinde
yaygin olarak kullanilmasidir. Deneysel ¢aligmalarda hem ticari hem de 151l isleme tabi tutulmus soguk is takim ¢eligi kullanilmistir. Kesme
parametreleri olarak ticari numune ve 1s1l islem gérmiis numune, iki ark arasi siire (us), voltaj (V), siv1 basinct (bar), tel gerginligi (g), tel
ilerleme hiz1 (m/min) kullanilmistir. Deney tasarimi i¢in Taguchi deney tasarim plani ve Lis ortogonal dizini kullanilarak malzemeler
kesilmistir. Sonug olarak islenmis yiizey sertligi ve yeniden olusan beyaz tabaka kalinligi incelenmistir. ANOVA y6ntemine gore beyaz
tabaka kalinlig: iizerindeki en etkili parametre % 57.236 ile ticari ve 1s1l islem gérmiis numune parametresidir. Kesilen yiizey sertlik
degerlerinde ise en etkin parametre % 98.627 oraninda numune parametresi olmustur.

Anahtar Kelimeler: Tel erozyon, beyaz tabaka, Taguchi, ANOVA.

1 Girig yiizeyde belirli bir beyaz tabaka kalinligi da meydana
gelir. Beyaz tabaka, is par¢asinin giivenilirligi ve omrii

Tel erozyon ile talag kaldirma aligilmamus talash
imalat arasinda yerini almaktadir. Yontem dielektrik sivi
igerisinde olan iletken malzeme ile tel elektrot arasinda
olusan ardigitk kivilcimlar ile malzemeyi yiiksek
sicakliklarda eriterek kesme iglemi yapmaktadir. Olusan
kivileim siirekli akan tel ile is pargasi arasinda meydana
gelir. Yontemin talas kaldirma mekanizmasi esas olarak
termal bir siirectir. Is parasindan talas koparmak igin
biiylik miktarda termal enerji tiretilir ve bu islemde kesilen

* Corresponding author.
E-mail address: hasan.ballikaya@inonu.edu.tr (H. Ballikaya)

iizerinde Oonemli Ol¢lide olumsuz bir etkiye sahiptir. Bu
nedenle, is pargasinin performansini degerlendirmek ve
iyilestirmek igin beyaz tabakayr tahmin etmek ve
azaltmak onemlidir [1]. Tel erozyonda isleme sonrasi her
kivileim is parcasi iizerinden bir parcacik koparir ve
yiizeyde kraterler olusturur. Ayrica talas kaldirma iglemi
% 100 verimli olmadigindan [2] eriyen malzemenin bir
kismi kesme ylizeyine yapisarak yeni bir ylizey katmam
olugturur. Olusan bu yeni katman, malzemenin esas
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renginden farkli bir renkte oldugundan dolay1 beyaz
tabaka adin1 alir. Bu tabakanin mikro yapisi esas
malzemeden farklidir [3]. Celiklerin mekanik 6zellikleri,
yiizeye  uygulanan  iglemlerden  sonra  ylizey
morfolojisindeki ve yiizey altindaki degisikliklere duyarli
oldugu bilinmektedir. Mussada ve dig. (2016), tel erozyon
ile kalip celiginin yiizey ve yiizey alt1 yapilarini
iyilegtirmeye c¢aligmislardir. Kesme parametrelerinin
yeniden olusan yiizey katmani olusumu tizerindeki etkileri
arastirmislardir. Olusan yeni yiizey katmaninin yapisini
SEM ile incelemislerdir. Inceleme sonucu elde edilen
verileri degerlendirip servo besleme ve tel hizinin artmast
ile tabaka kalinliginin arttigini ifade etmislerdir. Ayrica
tabaka kalinlig1 boyunca mikro sertlik 6l¢giimii sonucunda
kalip ¢eliginin ylizey ve yilizey alti sertliginde artis
meydana geldini belirtmislerdir [4]. Kumar ve dig. (2016),
tel erozyon ile talag kaldirma isleminde yiizey catlak
yogunlugu ve yeniden olusan beyaz tabaka kalinlig1 gibi
parametreler  acisindan  yiizey  hasarinin  nicel
degerlendirmesini yapmuslardir. Islem kosullarimin catlak
olusumu  lzerindeki etkisini, taramali  elektron
mikroskobu  kullamilarak  incelenmislerdir.  Islem
parametreleri ylizey ¢atlak yogunlugu ve yeniden olusum
katman kalinligi iglenmis numunelerin mikro yapisint
onemli Olgiide etkiledigini belirtmislerdir. Ark (pulse)
stiresi, ark bosluk siiresi ve akimimin hem ylizey catlak
yogunlugu hem de yeniden olusum tabaka kalinligi i¢in en
baskin parametreler oldugunu ifade etmislerdir [5].
Manjaiah ve dig. (2016) AISI D2 soguk ig takim ¢eliginin
tel erozyon yonteminde isleyerek kesme parametrelerinin
malzeme kaldirma oram1 ve yiizey pirizliligine
etkilerini incelemislerdir. Deneysel ¢aligmalar sonucunda
elde edilen sonuglar1 optimize etmek i¢in Taguchi L27
ortogonal deney tasarim yodntemini ve ANOVA analiz
yontemini kullanmislardir. Malzeme kaldirma orani ve
yiizey purizliilik degerlerini etkileyen en Onemli
parametrenin  darbe siiresi (pulse on) oldugunu
belirtmislerdir [6]. Puri ve dig. (2005), tel erozyon ile
islenmis i3 parcasi yiizeyinde beyaz bir tabakanin
olugsmasini 6nemli bir kusur oldugunu belirtmislerdir.
Yapilan ¢aligmada yiizey yanit yontemi ile beyaz tabaka
kalinligint modellemislerdir. Bes seviyeli dort degisken
iceren ikinci mertebeden dondiiriilebilir merkezi bilesik
tasarim i¢in deneysel bir plan ile deneysel arastirmay1
gerceklestirmek ve ardindan girdi iglem parametrelerini
yanitla iligkilendiren matematiksel modeli olusturmak
icin  kullanilmiglardir.  Ayrica, ¢alismasinda yanit
iizerindeki tiim girdi parametrelerinin etkilerini kapsamli
bir analiz ile gergeklestirmislerdir [7]. Maher ve dig.
(2015), tel erozyon yontemi sonucunda islenen parganin
beyaz tabaka kalinhiginin yiizey piiriizliligi kalitesini
degerlendirmek i¢in Onemli bir faktdr oldugunu ifade
etmiglerdir. Caligsmalarinda kaplamali elektrot kullanarak
beyaz tabaka kalinligini tahmin etmek igin uyarlamali
noro-bulanik ¢ikarim sistemini (ANFIS)
kullanilmislardir. Tahmin edilen veriler ile 6lgiilen veriler
arasindaki tahmin hatasin1 % 2.61 olarak belirtmislerdir
[8]. Jose ve dig. (2009), tel erozyon yonteminde olusan 1s1l
yiiksek sicaklikligin i parcast yiizeyini etkiledigi
belirtmiglerdir. Yeniden katilagmus bir tabaka olan beyaz
tabaka yiizeyin kalitesini ve bilesenin omriinli azaltigin
ifade etmiglerdir. Calismada tel erozyon islemi ile talagh
imalat sirasinda Ti6Al4V malzemesi ylizeyinde olusan

beyaz tabaka iizerinde arastirmalar yapmislar ve beyaz
tabaka olusumunu etkileyen parametreleri varyans analizi
(ANOVA) ile belirlemislerdir [9]. Straka ve dig. (2016),
piring tel elektrot kullanarak tel erozyon yonteminde EN
X210Cr12 (W.-Nr. 1.2080) soguk is takim g¢eligini
kullanarak malzemede meydana gelen islenmis yiizeyin
ince mikro sertlestirilmis yiizey tabakasi tizerinde
deneysel arastirmalar yapmiglardir. Mikrosertlik deneysel
Olciimlerine dayanarak, WEDM sonrasi islenmis yiizeyin
nihai kalitesini simiile etmek ve tahmin etmek i¢in En
Kiiciik Kareler Yontemi (LSM) ile matematiksel modeller
gelistirmislerdir. Mikrosertlestirilmis yiizey katmani
homojenliginin en aza indirilmesiyle ilgili bosaltma
isleminin ana teknolojik parametrelerinin ayarlanmasi
i¢in Oneriler verilmislerdir [10]. Ilkhchi ve dig. (2021)
Nikel-titanyum (nitinol) sekil hafizali alagimlarin mikro
telli elektro-desarj islemede (u-WEDM) yiizeyindeki
mikroskobik degisiklikleri incelemistir. islenmis yiizeyde
beyaz tabaka olarak adlandirilan yeniden katilagmis bir
tabakanin sekil hafizasint ve elastik geri kazanim
ozelliklerini 6nemli dl¢iide etkiledigini ifade etmislerdir.
pu-WEDM siire¢ parametrelerinin etkilerini simiile etmek
icin bir sonlu eleman modeli (FEM) gelistirmislerdir.
Parametrelerinin  beyaz tabaka olusumu tizerindeki
etkilerini, FEM sonuglarina dayali olarak ayrintili olarak
inceleyip tahmin hata paymin %14 oldugunu
belirtmislerdir [11]. Muthuramalingam ve dig. (2020), dis
malzemeleri olarak islenmis titanyum alagimlarinin
islenmesinde Taguchi—Grey analizine dayali kriter karar
verme yontemini uygulanmislardir. Kalite Sl¢timlerini
degerlendirmek icin yeniden olugan katman kalinlig, tel
aginma  oran1 ve  mikro sertlik  sonuglari
degerlendirilmistir. Yiizey kalitesi analizinde optimal
proses parametrelerini hesaplamislardir. Taguchi—-Grey
kombinasyonunun  kullanilmasi, isleme yiizeyinin
kalitesinin iyilestirilmesine Onemli Olgiide katkida
bulunmustur [12]. Taguchi deney tasarim yontemi
miihendislik alaninda zamandan ve maliyet giderlerinden
tasarruf etmek igin siklikla kullanilan bir yontemdir.
Optimum sonuglarin belirlenmesinde sonuglar S/N
oranlarina doniistiiriiliir ve ANOVA analizi yapildiktan
sonra parametrelerin sonuglar {izerindeki etkisi % olarak
degerlendirilir [13], [14].

Yapilan literatiir ¢caligmalarinda farkli malzemelerin
tel erozyon ile islenmesinde kesme parametrelerinin
islenebilirliligi lizerine etkileri incelenmistir. Ancak 1s1l
islem gormiis soguk is takim celiginin tel erozyon ile
islenmesindeki islenebilirliligi hakkinda detayli bir
inceleme yapilmamistir.

Bu calismada kalip endiistrisinde oldukc¢a yaygin
kullanilan Sverker 21 soguk is takim ¢eligi, tel erozyon
tezgahinda talas kaldirma iglemi yapilmigtir. Deneylerde
hem ticari hemde 1s1l iglem gérmiis numunelerin ig pargasi
yiizeyinde olusan beyaz tabaka kalinlig1 ve yiizey sertligi
Olgtimleri yapilmistir. Taguchi Lig ortogonal deney
tasarimi kullanilmistir. Ayrica elde edilen sonuglar S/N
oranma doniistiiriilerek AVONA analizi uygulanmistr.
Yapilan ¢alisma gelecekteki diger calismalara ve sanayi
uygulamalarina destek saglayacaktir.
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2 Materyal Metot

Bu calismada kalipgilik alaninda oldukc¢a yaygin
kullanilan Sverker 21 soguk is takim ¢eligi kullanilmistir.
Kullanilan malzemenin kimyasal 6zellikleri Tablo 1°de
verilmistir. Malzeme islenmeden once 1s1l isleme tabi

tutulmustur. Isil iglem Oncesi malzeme sertligi 6l¢iilmiis
ve 227 HV sertlik degeri belirlenmistir. Malzemenin 1s1l
islemi Protherm 442 firinda yapilmistir. Isil islem
uygulama kosullar1 Tablo 2’de verilmistir.

Tablo 1. Sverker 21” in kimyasal birlegimi[14]

Element C Si Mn Cr Mo \Y W
% agirlik 1.51 0.24 0.34 11.7 0.78 0.74 0,08
Tablo 2. Sverker 21’ e uygulanan 1s1l islem agamalari[14]

Numune Isil islem
1 Ticari numune

1050 °C’ye kadar 1s1t1ld1 ve 30 dakika bekletildi +
2 525°C’ye kadar 1sitilip ¢ift temperleme olarak 2 saat
beklendi ve oda sicakliginda sogutuldu

Sekil 1°de gosterilen is pargasi 2 adet olacak sekilde
ilk once freze tezgahinda sogutma sivist kullanilarak
uygun Olgiilere getirilmistir. Daha sonra 1si1l islem
uygulamasi i¢in Tablo 2’de verilen 1s1l islem sartlart ile

800 mesh kum boyutuna sahip zimparalar ile is pargasi
tizerindeki hem yanik yilizey hem de kesici takim izleri
ortadan kaldirilmustir. Tel erozyon tezgéhina baglanan is
pargast belirlenen deney sartlarina gore kesilmistir.

Protherm 442 1s1l islem firininda isleme tabi tutulmustur Deneyler ONA AF 25 Tel erozyon tezgahinda
[16]. Ayrica islem parametrelerinin beyaz tabaka gerceklestirilmistir.
iizerindeki etkisini tam olarak belirlemek i¢in 400, 600 ve
Bitirme kesimi Beyaz tabaka -
=
—_— — y
10 mm
10 mm
Sertlik 6l¢tim
! 2 3 4 5 6 7 9 noktasi
10 mm

Sekil 1. Deneysel ¢alismalarda kullanilan is parcasi

Deneysel caligmalar Taguchi Lig deney planina gore
yapilmigtir. Deney parametreleri ve bu parametrelere ait
seviyeler Tablo 3’de verilmistir. Deney parametreleri ve

seviyeleri literatiire uygun bir sekilde olusturulmustur.
Numune 1 ticari, numune 2 ise 1sil islem gormiis
malzemeyi ifade etmektedir.

Tablo 3. Tel erozyon kesme igleminde kullanilan parametreler ve seviyeleri

Sembol Parametreler I Se\I/:yeIer m
A Numune 1 2
B Iki ark arasi siire (s) 50 70 90
C Voltaj (V) 10 15 20
D S1v1 basinci (bar) 10 15 20
E Tel gerginligi (g) 10 14 18
F Tel ilerleme hiz1 (m/min) 5 7 9

Sekil 1’de sertlik dl¢lim noktasi olarak gdsterilen
bolgelerden mikro sertlik alinmistir. Olgiilen mikro sertlik
degerleri tiim kesme ylizeyinde farklilik gostereceginden
Olclimler birka¢ paralel ¢izgide elde edilmistir. Mikro
sertlik ol¢timleri i parcasinin hem z ekseni boyunca
hemde y ekseni boyunca Olglimler almnip ortalamasi
belirlenmistir. Mikro sertlik degerleri Emcotest-20
Durascan mikro sertlik 6l¢iim cihazindan elde edilmistir.
Mikro yapinin ve beyaz tabakanin goriintiilenmesi igin 2
ml HCI + 98 ml saf H,O eklenerek ¢ozelti icinde
daglanmistir. Beyaz tabaka kalinliklar1 Nikon Eclipse MA
200 optik mikroskop cihazinda 1000X biiyiitmede
Olclilmiistiir.

3 Bulgular ve Tartisma

Taguchi deney tasarim plami ve Lig ortogonal dizine
gore hazirlanan deneysel tasarim, sonuglar ve S/N oranlari
Tablo 4’de  verilmistir.  Sekil 3-4’de  kesme
parametrelerinin beyaz tabaka kalinlig1 ve ylizey sertligi
sonuglarindan elde edilen S/N oranlarimin grafikleri
verilmistir. Tablo 4 ve Sekil 3-4 incelendiginde
parametrelerin beyaz tabaka kalinligi ve islem gormiis
yiizey sertligi lizerinde 6nemli bir etkiye sahip oldugu
gorilmistiir.
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Tablo 4. Deney tasarimi, sonuglari ve S/N oranlari

iki ark Tel Ortalama Ortalama
Deney arasli Voltaj S Tel ilerleme Sertlik beyaz
Numune .. basincr | gerginligi . SIN tabaka SIN
No siire V) (bar) @ hizx Degeri Kalnhig
(us) (m/min) (HV) (um)

1 1 50 10 10 10 5 267 -48,530 4,882 -13,772
2 1 50 15 15 14 7 271 -48,659 4,25 -12,568
3 1 50 20 20 18 9 241 -47,640 3,824 -11,650
4 1 70 10 10 14 7 279 -48,912 4,235 -12,537
5 1 70 15 15 18 9 285 -49,097 3,471 -10,809
6 1 70 20 20 10 5 254 -48,097 3,794 -11,582
7 1 90 10 15 10 9 282 -49,005 4,182 -12,428
8 1 90 15 20 14 5 260 -48,299 4,765 -13,561
9 1 90 20 10 18 7 275 -48,787 4,235 -12,537
10 2 50 10 20 18 7 575 -55,193 5,471 -14,761
11 2 50 15 10 10 9 650 -56,258 4,706 -13,453
12 2 50 20 15 14 5 598 -55,534 5,86 -15,358
13 2 70 10 15 18 5 653 -56,298 5,706 -15,127
14 2 70 15 20 10 7 665 -56,456 4,353 -12,776
15 2 70 20 10 14 9 660 -56,391 5,11 -14,168
16 2 90 10 20 14 9 625 -55,918 5,824 -15,304
17 2 90 15 10 18 5 651 -56,272 6,471 -16,219
18 2 90 20 15 10 7 685 -56,714 5,06 -14,083
Tel erozyon kesme yonteminde farkli islem Sekil 2°de numunelerin beyaz tabaka kalinliklar1 mikro

parametreleri farkli beyaz tabaka kalinliklarina sebep
olmaktadir. Beyaz tabaka kalinliklar1 18 numune
iizerinden Ol¢iilmiis ve kalinlik ortalamalar1 alinmistir.

yapt olarak goOsterilmistir. Tel erozyon isleminde
olusturulan beyaz tabaka degisken bir kalinliga sahiptir ve
yiizeyin baz1 bolgelerinde kaybolur [17].

Sekil 2. Ticari (a) ve 1s1l islem gormiis numune (b) beyaz tabaka kalinlig1 6lgtimleri

Yapilan deneysel caligma sonucunda elde edilen
beyaz tabaka kalinliklar1 sonuglari “En kiigiik En iyi”
performans  karakteristigine goére S/N  oranina
doniistiirilmiis ve ANOVA analizi uygulanmistir.
Parametrelerin % etkileri Tablo 5’de gosterilmistir. Biitlin

goriilmektedir. Beyaz tabaka kalinlig1 {izerindeki en etkin
parametre % 57.236 olarak ticari ve 1s1l islemli numune
parametresi olmustur. Tel ilerleme hiz1 % 14.740 olarak
ikinci etkin parametre olarak belirlenmistir. Deneysel
calismanin istatiksel hata orami ise % 3.460 olmasi

parametrelerin  belirli bir etkiye sahip oldugu

¢alismanin olduk¢a uygun oldugu gosterilmistir.

Tablo 5. Beyaz tabaka kalinligi icin ANOVA sonuglari

Parametreler Serbestlik dereceleri Toplam kareler Varyans F degeri (%) dagihm
Numune 1 21.79279 21.7928 282.230 57.236
iki ark aras1 siire (us) 2 4.35143 2.1757 28.177031 11.062
Voltaj (V) 2 2.29679 1.1484 14.8724 5.647
S1v1 basinci (bar) 2 0.845 0.423 5.473701 1.821
Tel gerginligi (g) 2 2.444 1.222 15.82409 6.034
Tel ilerleme hizi (m/min) 2 5.74717 2.87358 37.214958 14.740
Hata 6 0.463 0.077 3.460
Toplam 37.941 100

Sekil 3’de ortalama S/N degerlerinden elde edilen
grafik gosterilmektedir. Parametre seviyelerinin en iyi
degeri S/N oraninin en biiyiik oldugu degerdir. Isil islem
gormiis numunede ticari numuneye gore beyaz tabaka

kalinliginda diislis meydana gelmistir. Benzer sonuglar
literatiirdeki bazi ¢aligmalarda da gorilmistir [16]. Bu
durum malzemenin 1s1l iglem sonrasi mekanik ve termal
ozelliklerinin degistiginin bir sonucudur. Iki ark aras siire

International Journal of Innovative Engineering Applications 5, 2(2021), 181-186

184



The Effect of Cutting Parameters on White Layer Thickness and Surface Hardness in Wire EDM of Heat-treated D2 Cold Work Tool Steel

parametresinde optimum seviye en biiyiikk S/N oranina
sahip ticiincii seviyede elde edilmistir. Baz1 ¢alismalarda
da benzer sonuglar elde edilmistir [18]. Darbe siiresi daha
fazla oldugunda eriyik malzeme miktar: da artacagindan
malzeme yilizeyinde birikme meydana gelir ve beyaz
tabaka kalinligini artirr [9]. Bu nedenle iki ark arasi siire
en az seviyede olmalidir. Bu c¢alisma da voltaj
parametresinin en disiik seviye degerinde ise optimum
beyaz tabaka kalinlig1 seviyesine ulasilmaktadir. Cilinkii
darbe voltaji daha yiiksek oldugunda, tek bir kivilcim
tarafindan tretilen erimis hacim daha biyiiktir. Tek

desarj krateri derinlesir ve genisler, bdylece beyaz tabaka
kalinliginda bir artisa yol agar [9] [18]. Yalitkan sivi
basinc1 parametresinde ise artan basing degerinde eriyik
malzemenin kesme yiizeyinden hizla uzaklagmasi sebebi
ile yeniden olusan tabakanin kesme bolgesinden
uzaklagmasini saglayarak beyaz tabaka kalinliginda diistis
meydana gelmistir. Tel gerginligi parametresinde
optimum deger ikinci seviyede elde edilmistir. Tel
ilerleme hizinin artmasi ile beyaz tabaka kalinliginin
arttig1 bazi ¢aligmalarda da goriilmiistiir [4].
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Sekil 3. Parametre seviyelerinin beyaz tabaka tizerindeki etkisi
Tablo 6 incelendiginde parametrelerin yiizey parametresi % 98.627 degeri ile en etkin parametre

sertligine etkisi % olarak belirtilmistir. islenen yiizeydeki
sertlik degeri igin en etkin parametre, ticari ve 1sil iglem

olmustur. Sistem hata orant ise % 0.137” lik bir hata orani
ile yapilan islemin dogrulugunu ortaya koymustur.

Tablo 6. islenen yiizey sertlik degeri igcin ANOVA sonuglar

Parametreler Serbestlik dereceleri Toplam kareler Varyans F degeri (%) dagilim
Numune 1 257.64091 257.6409 12208.9680 98.627
Iki ark aras: siire (us) 2 1.18393 0.50920 28.051852 0.437
Voltaj (V) 2 0.27078 0.1354 6.415 0.088
S1vi basinci (bar) 2 1.423 0.712 33.725319 0.529
Tel gerginligi (g) 2 0.309 0.154 7.321006 0.102
Tel ilerleme hizi (m/min) 2 0.25134 0.125671 5.955224 0.080
Hata 6 0.127 0.021 0.137
Toplam 261.206 100

Tel erozyon kesme yonteminde islem goren is
parcasinin 1sidan etkilenen bdlgesi islem parametreleri ile
yakindan iligkilidir [10]. Bu durumda parametre ve
seviyelerindeki degisiklik kesilen yiizeyde farki sertlik
degerlerinin ortaya ¢ikmasina sebep olmaktadir.

Tel erozyon ile talag kaldirma yonteminde islenmis
ylizeyin mikro sertligi tekrarlanan isitma ve sogutma
nedeni ile ylizey sertliginin degistigi goriilmektedir.
Yiizeyde iiretilen termal etkiye hizli su verme etkisi eslik
eder. Gegici termal dalgalar, yilizey sertliginde artis
meydana getirmektedir [6]. Sekil 4 incelendiginde S/N
oraninin en blylk degeri parametrenin en uygun
seviyesini gostermektedir. Ticari ve 1s1l islemli numune

parametresinde malzemeye 1sil iglem uygulamasindan
olayr ikinci seviyede sertlik degerinin  arttig1
goriiliilmiistiir. 1ki ark aras1 siire parametresinde iiciincii
seviyede sertlik degerinin arttign goriliilmistiir. Darbe
stiresinin  artti§i  durumda 1sidan etkilenme siiresi
artacaktir ve ani soguma nedeni ile sertlik degerinde artig
meydana gelmistir. Voltaj parametresinin optimum
noktasi seviyesi ikinci seviyedir. Stvi basinct parametresi
iiclincii seviyede optimum noktayr yakalamistir. Eriyik
malzemenin sogutma hizint etki ederek yiizey sertligini
artirmigtir. Tel gerginligi parametresinin birinci seviyesi
tel ilerleme hizinin ise ikinci seviyeleri yiizey sertligindeki
art1s icin en uygun parametre olarak belirlenmistir.
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4  Genel Sonuglar

Bu c¢alismada Sverker 21 soguk is takim
malzemesinin tel erozyon ile islenmesinde kesme
parametrelerinin yeniden olusan beyaz tabaka ve kesme
ylizey sertligine etkileri arastirilmistir. Deneysel ¢alisma
ve analizlere gore agagidaki sonuglar elde edilmistir.

» Beyaz tabaka kalinligi tizerindeki en etkili parametre
% 57.236 ile ticari ve 1s1l iglem gérmiis numune
parametresidir.

» Tel ilerleme hizinin artmasi ile beyaz tabaka
kalinliginin arttig1 goriillmiistiir.

» Diger parametrelerin beyaz tabaka lizerindeki etkileri
iki ark arasi siire % 11.062, tel gerginligi % 6.034,
voltaj % 5.647, yalitkan sivi basinci ise % 1.821
olarak goriilmiistiir.

> Beyaz tabaka kesilen yiizey iizerinde baz1 bolgelerde
olusmadigr belirlenmistir.

» Kesilen ylizey sertlik degerlerinde ise en etkin
parametre % 98.627 oraninda numune parametresi
olmustur. Ticari numunenin sertligi 227 HV, 1sil
islem goérmiis numunenin sertligi ise 771 HV olarak
Olcilmiistiir. Kesilen yiizey sertliginde ise ticari
numunenin sertlik degerlerinde artig, 1s1l islem
gormils numunenin ise sertlik degerlerinde disiis
meydana gelmistir.
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Abstract

Original scientific paper
Deep drawing is the process of obtaining three-dimensional containers of certain depths and shapes under pressing forces with the help of
drawing molds of sheet materials. In this study, the numerical shaping of rectangular cups in angled deep drawing dies was investigated
experimentally and by using the finite element method (FEM). For this purpose, die/blank holder surfaces have 0=0°, a=3°, a=6°, 0=9°,
a=12° and a=15° angles in order to facilitate material flow into the die cavity. The punch and die corner radii are taken as 8 mm. St37 steel
sheet with a thickness of 0,9 mm was used as the test material. The experiments were carried out by applying die/blank holder forces of
2500 N, 5000 N, 7500 N and 10000 N. The effects of angles and die/blank holder force on limit drawing ratio, wall thickness and the
damage of cups were investigated experimentally and numerically, and optimum punch force was determined. Obtained experimental
results were compared with ANSYS results. As a result, it has been determined that the increase in die/blank holder surface angles in
drawing dies with rectangular geometry with different angles provides a higher limit drawing rate than conventional dies. It has been seen
that the experimental results and numerical results are approximate values.

Keywords: Rectangular cups, angular deep drawing dies, limit drawing ratio, finite element method, wall thickness.

AGILI DERIN GEKME KALIPLARINDA DIKDORTGEN SEKILLI KAPLARIN DERIN
GEKILEBILIRLIGININ ARASTIRILMASI

Ozet
Orijinal bilimsel makale

Derin ¢ekme, sac malzemelerin ¢ekme kaliplart yardimiyla press kuvvetleri altinda istenilen yiikseklik ve sekillerde ti¢ boyutlu kaplarin
iiretilmesi islemidir. Bu ¢caligmada, dikddrtgen geometriye sahip kaplarin agili derin gekme kaliplarinda deneysel olarak ve sonlu elemanlar
metodu (SEM) ile sayisal olarak sekillendirilmesi aragtirilmigtir. Bunun i¢in matris bosluguna dogru sacin akmasinin rahat olmast amaciyla
Kalip/pot cemberi yiizeylerine 0=0°, a=3°, 0=6°, 0=9°, a=12° ve a=15° agilar verilmistir. Istampa ve matris kose radyiisleri § mm sabit
olarak alinmistir. Deney malzemesi olarak 0,9 mm kalinliginda St37 ¢elik sac kullanilmstir. Deneyler, 2500 N, 5000 N, 7500 N ve 10000
N pot gemberi kuvvetleri uygulanarak yapilmustir. Agilarin ve pot gemberi kuvvetinin limit gekme orani, cidar kalinligi ve kap hasarlarina
yaptiklari etkileri deneysel ve sayisal olarak incelenmis ve optimum 1stampa kuvveti belirlenmistir. Elde edilen deneysel sonuglar, ANSYS
sonuglariyla kargilastirilmustir. Sonug olarak, farkli agilara sahip dikdortgen geometriye sahip ¢gekme kaliplarinda matris/pot gemberi yiizey
acilarinin artmasinin klasik kaliplara gore ¢ok iyi limit gekme orani elde edildigi belirlenmistir. Deneysel olarak elde edilen sonuglar ile
sayisal sonuglarin yaklagik degerler oldugu gozlenmistir.

Anahtar Kelimeler: Dikdortgen kesitli kaplar, agili derin ¢ekme kaliplari, limit ¢ekme orani, sonlu elemanlar metodu, cidar kalinlig:.

1 Girig ve esyalari, mutfak aletleri, paneller ve 1sitma sogutma vb.
bircok imalat sektoriinde genis olarak yer almaktadir.

Derin ¢ekme, sac malzemelerin ¢ekme kaliplari
yardimiyla press kuvvetleri altinda istenilen yiikseklik ve
sekillerde ii¢ boyutlu kaplarin iretilmesi islemidir. Bu
islem, sacdan plakalarin kaplara doniisttriilmesinde tercih
edilen ve 6zellikle dairesel, kare, dikdortgen veya diizgiin
bir sekli olamayan kaplarin imalatinda 6énemli avantajlar
sunmaktadir. Genelde otomotiv ve uzay sanayisi, ev takim

* Corresponding author.
E-mail address: cebeli23@gmail.com (C. Ozek)

Derin ¢ekme orani (B), ¢ekilecek malzemenin hasara
ugramadan, kopmadan ve ezilmeden yirtilmadan
sekillendirilebilen en biiyiik ilkel sac par¢a ¢apmin stampa
¢apina orani veya saclarin sekillendirilebilirlik noktasinin
bir degeri seklinde ifade edilmektedir. Derin g¢ekme
metoduyla dikdortgen kaplar iretmek silindirik kaplara
nazaran ¢ok zor bir istir. Clinkii saclarin disardan orta
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noktaya dogru itilmesi sirasinda kenar noktalarda sacin
sekilllendirilmeye kars1 verdigi tepki cok daha biiyiik
olusmakta ve bunun neticesi olarak sacin katlanmasi ve
matris i¢ kisminda yirtilma/kopma tipinde c¢atlaklar ¢ok
fazla olusmaktadir. Matrisin bigim ve sekli, sac
malzemesinin mekanik dzellikleri, ilkel sac plakanin sekli
ve boyutu, matris-sac-pot ¢emberi temasindaki siirtiinme
ve yaglama kosullari, pot ¢cemberi Kuvveti, pot cemberi
aralig1 gibi etkenler derin ¢ekmenin randimanini direkt
etkilemektedir. Dikdortgen seklindeki kaplarin derin
sekillendirilmesinde kullanilan sac ¢esidi ve matris
sekilleri ile ¢ekme orani () arasindaki baglantiy1 tespit
etmek i¢in pek ¢ok arastirma ¢aligmalar1 yapilmustir.

Derin ¢ekmede sekillendirme sac levhanin kalip
bosluguna dogru itilmesini saglayan kabin olugmasi ile
sonuglanan  zimbanin  itme  kuvveti  vasitasiyla
gerceklestirilir. Bu yontem yiiksek maliyet ve kaynak
islemlerini ortadan kaldirmakta, az sayida iglemde ve
yiiksek iiretim oranlarinda daha iyi kalitede {irlinlerin elde
edilmesini saglamaktadir [1]. Derin ¢ekmede biiyiik
elasto-plastik gerilmelerin olugmasi ile nihai {riinlerin
kalitesini etkileyen ¢ok sayida parametre mevcuttur. Bu
parametreler, geometrik parametreler (zimba yarigapi, sac
kalinlig1, sacin en boy orani vb.), malzeme parametreleri
(elastiklik  modiilii, akma  gerilmesi, plastiklik
parametreleri vb.) ve islem parametreleri (¢ekme kuvveti,
baski plaka kuvveti, siirtiinme katsayilari, sicaklik vb) gibi
parametrelerdir. Bu parametreler birbirleriyle baglantili
oldugundan ve nihai sonucu etkilediklerinden dolay1
parca kalitesi lizerindeki etkilerini ayirt etmek kolay
degildir. Bu nedenle, basarili bir derin ¢ekme igin tiim
faktorler hakkinda genis bir bilgi birikimi gereklidir [2].
Ana islem parametrelerinden biri olan belirli bir derin
¢ekme iglemini gerceklestirmek i¢in gereken kuvvetin
maksimum degeri olarak tanimlanan derin ¢ekme kuvveti
(DCK) dir. DCK, mekanik press kapasitesini tanimlamak,
zimbay1 tasarlamak, derin ¢ekme islemini ve gerilmeleri
belirlemek icin gereklidir. Genellikle silindirik parcalarin
DCK'ini tahmini olarak belirlemek i¢in 6nemli iki ifade
vardir. Bu ifadeler, deneysel verilerden elde edilen
ampirik ifadeler ve sac levhadan kap olugturma isleminin
elasto-plastik analizinden elde edilen analitik ifadelerdir
[3]. Bu ifadeler ampirik iliskilere dayanan ve gerilmeler
hakkinda bilgi gerektiren karmasik denklemlere
dayanmaktadir [4, 5]. Dikdortgen derin ¢ekme isleminin
analizi i¢in farkli analitik ifadeler gelistirilmistir [1,5 ve
6]. Derin ¢ekme islemlerine olan ihtiya¢ artikca,
endiistride yaygin olarak deneme ¢aligsmalart yapilmis ve
boylece hatali sonuglar veren yontemlerin kullaniminin
azalacagina inanilmaktadir. Caligmalarda genellikle
silindirik pargalarin DCK'ni tahmin edecek birkag
denklem mevcut olsa da, bu konuda sinirli sayida
arastirma ¢aligmasi mevcut olup dogru sonuglar1 tahmin
eden ve performanslart degerlendirmeye deger
bulunmustur. Silindirik bir par¢aya karsilik gelen
deneysel ve sayisal sonuglar, daha once bildirilen iki
deneysel ifadeden elde edilen sonuglarla karsilastirilmigstir
[8, 9]. Dikdortgen kaplarin derin ¢ekilmesi durumunda,
mevcut DCK ifadelerinin tahmin performanslar ile ilgili
heniiz net ¢alismalar yapilmamuistir.

Kare kaplarmn derin ¢ekilmesinde taslak sac
boyutlarimin  kaplarin hassasiyeti {izerindeki etkileri
aragtirmug ve nihai kap hassasiyetine gore taslak sac

boyutlari belirlenerek bilgisayar kullanim
programlarindan faydalanarak derin ¢ekme metodunda
olusabilecek kusurlar tespit edilmistir [10]. Karesel ve
silindiriksel triinlerin sekillendirilmesinde 1stampa sekli
ve matris elemanlarinin burugmaya etki eden tesirleri
aragtirllmig, kare  drilinlerin  sekillendirilmesinde,
burugmalarin meydana gelmesinde rastgele sacin akma
miktarimin sebep oldugu belirtilmistir [11]. Kare seklinde
olan pargalarin tretilmesinde taslak sac seklinin etkili
oldugu, titanyum plakalar farkli sicakliklarda gekilerek
taslak sac biiylkliiklerinin silindirik sac seklindeki
biiyiikliiklere haiz olanlarin daha dogru limit ¢ekme
oranlari sagladigi gorilmiigtir [12]. AA5754-0
Aliiminyum alagiminin kare derin ¢ekme islemi ile
sekillendirilmesinde pot ¢emberi kuvvetinin B lizerinde
etkili oldugu, LS-DYNA programi kullanilarak elde
edilen sonuglarin pratik elde edilenlere gore %85 oraninda
tutarli olmaktadir [13]. ETTAL-8 aliiminyum malzemenin
kare bi¢imli gekillendirilmesinde pot ¢emberi araliginin
lirlin {iretim kalitesi ve burugma {izerinde etkili oldugu,
lirlin yiizeyi ve burugma catlak ve yirtilmalarimin meydana
gelmemesi i¢in pot gemberi araliginin 1.3 mm ve 1.7 mm
en uygun deger olmaktadir [14]. Kare kaplarin iiretiminde
farkli sekilde bir pot ¢emberi tasarlanarak pot ¢cemberi
tizerine spiral oluklar sekillendirerek tretilen kabin yan
kenarlarinda cidar kalinliginin degisiminin daha diizgiin
saglandig ve sac hareketiyle akigkan etkileri daha saglikli
sonuclar vermektedir [15]. Saclar1 sekillendirme
isleminde, ¢ekme ve burulmalari teorik sekilde
hesaplayabilen bir sonlu elemanlar metodu gelistirilerek
sonuglarin pratik yapilan sonuglarla uyumlu oldugu tespit
edilmigtir ~ [16].  Aliiminyum  saclarin  Kkaresel
sekillendirilmesinde 1stampa kenar yarigaplari
gerilmelerden kaynakli sertlesmeler tizerinde etkili
oldugu, 1stampa yarigapimin diigiik tutulmasi halinde p’nin
distiigin, fazla alinmasi halinde ise diretilmis olan
iiriinlerdeki ¢atlak ve yirtilmalarin kayda deger oranda
diistiigli ve dolayisiyla B artmaktadir [17]. Kare bigimli
driinlerin ~ sekillendirilerek  iretilmesinde ~ matris
biiyiikliiklerinin (stampa ve taslak par¢a bigimi, pot
¢cemberi malzemesi ve istampa akiskan 6zelligi) triin
iizerinde etkili oldugu ve bu durumda yirtilmaya sebep
olan kuvvetler tespit edilmistir [18]. Kare sekilli liriinlerin
uretimi sirasinda {i¢ degisik boyutta taslak sac
kullanilarak, nihahi sekillendirmenin daire sekilli taslak
elemanda gergeklestigi kayit edilmistir [19]. Galvaniz
kaplanmis ¢eliklerin kare derin ¢ekilmesinde elde edilen
iirtinlerde olusan kii¢iilme, bozulma ve alt-iist limit gekme
oranlari, gerilme yigilmalari, hasar sekillerinin 1stampa
hizindan kaynakli kuvvetler oldugu goriilmiistiir [20].
Esdeger ¢ap kavramini kullanarak dikdortgen parcalarda
derin ¢ekme kuvveti ile silindirik kaplardaki derin ¢ekme
kuvveti i¢in hesaplanan ifadelerin literatiirdeki degerler
ile uyumlu oldugu ifade edilmistir [21]. Celik sac
malzemelerde incelme ve kirigikliklari 6nlemek i¢in derin
¢ekme isleminde, baski plakasi, kalip boslugu, zimba
kuvveti, kuru/yaglama gibi ~ farkli  derin  gekme
parametrelerinin  etkisi sayisal ve deneysel olarak
arastirilmis, dikkate alinan iglem parametreleri i¢in, 2 mm
kalip boslugunda, kuru ve yaglamal1 100 kN kuvvet i¢in 1
mm ve 0,8 mm’lik kalip boslugunda daha iyi sonuglar
verdigi gozlemlenistir [22]. Dikdortgen kaplarda 6zellikle
kaptaki kalinlik degisimlerinin, zimba kuvveti ve geri

International Journal of Innovative Engineering Applications 5, 2(2021), 187-194

188


https://www.sciencedirect.com/topics/materials-science/lubrication

Investigation of Deep Drawability of Rectangular Shaped Cups in Deep Drawing Dies

yaylanma  kuvveti  gibi  g¢esitli derin  ¢ekme
parametrelerinde kabin cekilen iist kisminin kalinliginin
azaldigi, zzmba kuvveti ve baski plakasi kuvvetinin
artmasi ile artti§1, geri yaylanma tizerindeki baski plakasi
kuvvetinin etkisinin az oldugunu tespit edilmistir [23].
AA6014 aliiminyum alagimi malzeme kullanilarak
malzemenin kuru derin g¢ekilmesi sayisal ve deneysel
olarak analiz etmis ve siirtiinme kuvveti ve siirtiinme
katsayist arasinda dogrusal bir iligki oldugu goriilmiistiir
[24]. Derin ¢ekme islemi sonucunda baski plakasi kuvveti
ve siirtiinme kuvvetinin ¢ekme orani tizerindeki etkileri
incelemis, baski plakast kuvvetinin 6nemli bir faktor
oldugu, kabin agiz kisimlarinda gerilme yogunlugunun
baski plakast kuvvetinden etkilendigi ve siirtiinme
kuvvetinin, kalinlik dagilimi ve malzemenin yiizey
kalitesine bagli oldugu sonucuna varilmistir [25].
Yukardaki caligmalar incelendiginde, ¢esitli saclardan
cekme metoduyla dikdortgen kesitli kaplarin elde
edilmesinde, taslak sac seklinin, pot ¢gemberi kuvvetleri ve
1stampa yarigap1 gibi pekgok sekillendirme faktorlerinin
limit ¢ekme orami (B) na tesirlerinin pratik sekilde
calisildigt agik olarak mevcuttur. Bu ¢aligsma, dikdortgen
kaplarin derin ¢ekilmesinde limit ¢ekme oranini (LCO)
tespit etmek amaciyla yapilmistir. Caligmada, St37
sacinin dikdortgen sekillendirilmesinde cesitli
sekillendirme faktorlerinin baska kalip/pot c¢emberi
acisiin (o) LCO (B), 1stampa kuvveti ve iiriin cidar kesiti
degisimine etkileri pratik olarak ve Sonlu Elemanlar
Metodu (SEM) ile arastirilmistir.

2 Deneysel Calismalar
2.1 Materyal ve Metod

Bu ¢aligma ile pot cemberi kuvvetinin ve matris sekil
boyutlarinin  sekillendirme  islemine  tesirlerinin
aragtirtlmast  hedeflenmektedir.  Sekillendirilebilme
islemini gergeklestirebilmek amaciyla ¢aligmalar matris
ve pot gemberi plakasi yiizeylerine 0°, 3°, 6°, 9°, 12° ve
15° agilar verilerek yapilmigtir. Zimba ve kalip kose
radytsleri 8 mm sabit olarak alinmigtir. Deney numuneleri
50x70 mm dikdortgen boyutlarindan baglanarak 2,5 mm
artirilmak siiretiyle maksimum 70x90 mm &lgiilerinde
geligigiizel kesilmis ve toplam 160 deney yapilmistir. Pot
¢emberi kuvvetleri (PCK) ise 2,5 kN, 5,0 kN, 7,5 ve 10,0
kN olarak uygulanmistir. Akigkan olarak 6zgiil agirlig: 15
°C’de 883 kg/m® olan Shell Tellus 68 numara yag
kullanilmistir. Deneylerin yapildigt deney diizeneginin
sematik resmi Sekil 1°de, caligmadaki kalibin boyutlari ve
teknik resmi ise Sekil 2°de verilmistir.

Deney calismalar1 600-10° kN ‘luk tek tesirli bir
hidrolik press makinasinda uygulanmistir. Istampa hizi 4
mm/sn sabit olarak tutulmustur. Cekme esnasinda
1stampaya gelen kuvvetlerin tespit edilebilmesi amaciyla
CAS LS-20T kapasitesi 200-10° kN olan ve +2 kg
hassasiyetli tek yonlii kuvvet 6lgme 6zelligine sahip bir
dinamometre kullanilmistir. Istampa kuvvetleri 107!
saniye siirelerde tespit edilmistir.

Sekil 1. Deney seti ve sistemi

Y Zimba
/

Bas/kl Plakasi

e

|
|

416
T

———————P~
Sekil 2. Deneylerde kullanilan matris ve 1stampa geometrisi

Deney malzemesi olarak 0,9 mm kalinligindaki St37
¢ekme sac1 kullanilmig, malzemenin mekanik 6zelliklerini
belirlemek amaciyla SHIMADZU marka 5-10% kN
kapasitedeki ¢ekme deney makinasinda 0°, 45° ve 90°
seklinde ii¢ cesit haddeleme yoniinde 5 mm/dak hizla
¢ekme testleri uygulanmustir. St37 malzemesinin
kimyasal bilesimi Tablo 1’de ve mekanik ozellikleri de
Tablo 2’de mevcuttur. Matris malzemesi olarak soguk is
takim ¢eligi (D3) kullamilmigtir. Matris ticari olarak
disarda sanayide liretilerek hazir temin edilmistir.

Tablo 1. St37 ¢elik sacinin kimyasal 6zellikleri

C Mn P S Cr Mo
0.0442 0.242 0.109 0.0084 0.0114 0.0114
Ni Cu Nb Ti Sn Fe

0.0263 0.00451 0.00242 0.00028 0.0866 99.466

Tablo 2. St37 ¢elik sacin mekanik 6zellikleri
Akma Cekme

Hadde yonii Uzama
© dayamr;n dayamrzn %)
(N/mm?) (N/mm?)
0 181.53 316.83 35.99
45 207.34 327.79 34.08
90 193.46 310.53 34.22

Cekilecek ilkel par¢a boyutlar1, 50x70 mm dikddrtgen
Olgiilerinde baglayarak 2,5 mm arttirmak suretiyle farkl
dikdortgenler seklinde kesilerek tam boyutlarda kesilmis
ve bu boyutlardaki saclar derin ¢ekme islemine tabi
tutulmuslardir.
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2.2 Egdeger Gap Hesabi ve Limit Cekme Oraninin
Belirlenmesi

Yapilan caligmalarda silindirik pargalarin iyi bilinen
derin ¢ekme teorisini dikdortgen ve diizensiz pargalara
uygulamak i¢in esdeger ¢ap kavrami kullanilmaktadir [1,
7, 9]. Parga ilkel esdeger ¢ap1 Dmax, Sekil 3'te gosterildigi
gibi, uzunlugu A ve genisligi B olan dikdortgen Ac alanli
dairesel ve Ar alanl dikdortgen alanlarinin ¢api olarak
tanimlanmaktadir.

- m
A

a) b)
Sekil 3. Tlkel parca: a) dairesel, b) dikdértgen

Genel olarak dikdortgen derin ¢ekmenin geometrik
parametreleri de silindirik derin ¢ekme parametreleri gibi
bulunur. Ancak, dikdortgen derin ¢ekmede bazi ek
parametreler gerekmektedir. Dikdortgen derin ¢ekmenin
onemli bir geometrik &zelligi, kare icin en/boy orani b/a=1
iken dikdortgen icin en/boy oram1 b/a=1 degildir.
Dolayistyla limit gekme orani hesabri igin farkli bir yontem
olan esdeger ¢ap hesabinin yapilmas: gerekmektedir.
Dikdortgen derin ¢ekme isleminin ana geometrik
boyutlar1 Sekil 4’de verilmistir.

z
Cekme zimbasi ,_-_,_!\/h
\ a

[~

Bask plakaz

2T

Sekil 4. Dikdortgen derin ¢ekme isleminin geometrik boyutlari

flkel parcanin en boy oramini gdz Oniine alarak,
esdeger cap1 belirlemek igin “Pisagor esdeger caplari”
ifadesi kullanilmistir. Bu yeni ifade Sekil 5'te gosterildigi
gibi esdeger cap1 tanimlamak i¢in dikdortgen seklin karsit
iki kosesi arasindaki mesafeyi dikkate almaktadir.
Boylece, yeni esdeger c¢aplar Pisagor Teoremi
kullanilarak belirlenmistir.

Sekil 5. Dikdortgen kap igin ilkel par¢a ortalama ¢api (Dmax) ve 1stampa
ortalama ¢apinin (d,smpa) belirlenmesi (Pisagor esdeger ¢aplari)

Dppax=V A’+B’ @
d=Va>+b? )

Bu yeni esdeger ¢aplar “Pisagor esdeger c¢aplart”
olarak adlandirilmaktadir. Dikdortgen iiriinlerin elde
edilmesi i¢in limit ¢ekme orammin (B) belirlenmesinde
alinmis olan ¢aplar Sekil 5°de mevcuttur. Limit ¢cekme
orani, agagida verilen 3 denklemine gore tespit edilmistir.

oDmax
- 3
B ‘Ddlstampa ( )
Dpmax +dj
®dlstampa = %ﬁ (4)

burada, Dmax parca ilkel esdeger ¢ap1 ve disampa 1Stampa
esdeger capi olarak alinmaktadir.

2.3 Cidar Kalinhiginin Olgiilmesi

Gergeklestirilen  denelerin ~ sonucunda  (retilmis  olan
numunelerdeki kesit incelmelerinin  etkisini tespit etmek
amaclyla deney numunesi dikkatli bir bigimde kesilerek
haddeleme yoninde 5 mm mesafelerde 1zgara olarak
bélimlenmistir. Daha sonra 6lgtimler, hassasiyeti 104 mm olan
QLR digit marka dijital bir mikrometre ile belirlenen noktalarda
kesit incelmeleri tespit edilmigtir (Sekil 6). Sekil 6'da gorildigu
gibi cekme igleminin sonucunda, (retilmis olan kaplarin cidar
kalinliklar dijital mikrometre ile tespit edilmistir. Bu amagla, elde
edilen kabin yan kenarlart 5x5 mm’lik esit araliklarla
markalanmis ve gakisan noktalardan 6lgilmustur.

Sekil 6. Cidar kalinliginin dlgiilmesi
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3 Derin Gekme igleminin Modellenmesi

Deneylerin yapildigr kalibin boyutlarinin tamamat
(kalip boyutlari, matris/istampa yarigaplari, matris/pot
cemberi agilart vb.) goz 6niinde bulunduruldugunda kalip
bilesenlerinin {i¢ boyutlu modelleri SolidWorks2019 hazir
programt lizerinden olusturulmustur. Olusturulan kalip
sistemi SolidWorks’de mevcut koordinat noktalar1 goz
Oniinde bulundurularak ANSYS Workbench hazir
programinda kalip sekilleri hazirlanmistir.  Kalip
pargalarinin modelinin olusturulmasindan sonra, ¢éziimii
yapmak i¢in kullanilmus olan plaka malzeme modeli elde
edilmistir. Elde edilen model i¢in Multilinear Isotropic
Hardening malzeme modeli kullanilmigtir. Modelde
kullanilan malzemenin 6zellikleri Tablo 3’de mevcuttur.

Tablo 3. Modelde kullanilan sac malzeme 6zellikleri

Ozgiil agirlik (kg/m®) 7870
Elastisite modiilii (kN/mm?) 196
Poisson orani 0,32
Akma gerilmesi (N/mm?) 200
Cekme gerilmesi (N/mm?) 315
Bulk modiilii (kN/mm?) 175
Kayma modiilii (kN/mm?) 76,3

Ag yapilarinin elde edilmesi sirasinda, pot gemberi,
istampa ve kalibin ag biyiklikleri 10 mm, plaka
malzemesinde ise ag biyikligi 3 mm degerinde
verilmistir. Calismada plakadaki plastik deformasyonun
tespit edilmesi temel ama¢ oldugundan kalip
bilesenlerinin ag sistemi siire kaybin1 azaltmak i¢in biraz
fazla alinmis, ancak sac plakanin plastik deformasyonu
sirasinda  1stampa ve kalip yarigaplarmma degme
noktalarinin ¢ok hassas alinmasi i¢in yarigap yiizeylerinde
ag mesafeleri 2 mm seklinde verilmistir (Sekil 7).

Baski plakasi
Is pargas!
Kalip
Kalip tablas Z‘

), 400,00 (mm)
I ...
100,00 300,00

Sekil 7.Kalip elemanlari ve ag yapilar

4  Sonuglar ve irdelenmesi

4.1 Matris/Pot Cemberi Acisinin (a) Cekme Orani (B)
Uzerindeki Etkisi

Sekil 8’de, c¢esitli taslak sac ¢aplarina gore
gerceklestirilen deneylerden {lretilmis olan kaplarn
hasarlar1 verilmistir. Sekilden gosterildigi gibi kaplarin
ag1z kisimlarina dogru biiziilmeler ve ondiilasyonlar, alt
tabanina dogru ise alt yiizeye enlemesine ve kap boyuna
dogru yirtilma ve catlaklar bigiminde yirtilmalar ve
catlaklar olustugu goriilmektedir. Taslak sacin gap1
artikca sacda hasar meydana getirecek 1stampa kuvveti
biiylimekte ve 1stampa kuvvetinin biyiimesi kuvvetin
uygulanmast sirasinda meydana gelen gerginliklerin

artmasina neden olmaktadir. Bu yiizden deneysel ¢alisma
aninda meydana gelen bu agir1 gerginliklere dayanamayan
sac malzemelerde kopmalar, catlaklar ve yirtilmalar
olugmakta ve sekillendirme igleminde iyi bir sonug elde
edilememektedir [5]. Pot gemberi kuvvetinin (PCK) fazla
alindig1 zaman ¢atlaklar temelde numunenin alt kisminda
olusmakta, PCK’nin az secildigi zamanda ise
kulaklanmalarin fazla olma sindan numune iist bolgesinde
¢ok fazla biiziilmeler olusmakta, buda kabin agiz
kisimlarinda  ¢atlaklarin = ve  kopmalarin  meydana
gelmesine neden olmaktadir.

& -

Sekil 8. Farh(;atlama ve kopmalarin olustu;g.u kaplar

Sekil 9°da, kalip/pot gemberi agisinin degisimine
bagli olarak firetilmis numuneler goriilmektedir. Sekilde
verildigi gibi, kalip/pot ¢emberi agisinin biiyiimesi ile
limit ¢cekme orani (B)'da biiyiimektedir. Bunun nedeni,
matris agisimin biiyiik alinmasi ile sacin matris igerisine
hareketinin cok daha rahat olmasindan
kaynaklanmaktadir. Istampa ile matris boslugunda
¢ekmeye calisilan sacin ¢ekme gerilmelerine karst
gostermis oldugu direng, matris agisinin biiyiimesi ile
diismektedir [5]. Cekme gerilmelerine etki eden en
onemli faktorlerden bir tanesi de kuvvet uygulandigi
zaman matrisin saca yapmis oldugu baskidir.

3 o CES
Sekil 9. Matris/PCA’nin B tizerindeki etkisi,

Sekil 10°da, derin ¢gekme isleminde kaydedilen zimba
kuvvetlerinin  kurs boyuna bagli olarak degisimi
verilmistir. Goriildiigii gibi matris/pot ¢emberi agisinin
her degerinde 1stampa Kuvvetinin kap yiiksekligine gore
farklilik gostermesi ayn1 degisimi vermektedir.

RN
40000 f \,
wor |l b\ =
I WY
\

o

50000

Zimba kuvvefi (N)
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]
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Sekil 10. Istampa kuvvetlerinin kurs mesafesi boyunca degisimi
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Sekil 11°de kap yiksekliklerine gére SEM
yontemiyle ¢ekilmis olan kaplarda gériilen maksimum ve
minimum kayma gerilmelerin degisimi ve elde edilen
kaplar verilmistir.

T

s

Sekil 11. Matris/pot cemberi agisinin degisiminin gerilmeye etkisi

Goriildigi  gibi 0=0° i¢in maksimum kayma
gerilmesi 114,17 MPa, minimum kayma gerilmesi ise
3,0196 MPa ve 0=15° i¢in ise maksimum kayma gerilmesi
91,257 MPa, minimum kayma gerilmesi ise 3,7456 MPa
olarak elde edilmistir. Sirasiyla diger agilardaki gerilmeler
ise 0=3° i¢in maksimum kayma gerilmesi 117,14 MPa,
minimum kayma gerilmesi ise 5,5746 MPa, ve 0=6° i¢cin
maksimum kayma gerilmesi 116,92 MPa, minimum
kayma gerilmesi ise 2,5703 MPa, 0=9° i¢in maksimum
kayma gerilmesi 105,41 MPa, minimum kayma gerilmesi
ise 2,4918 MPa, 0=12° i¢in maksimum kayma gerilmesi
100,78 MPa, minimum kayma gerilmesi ise 0,7825,5703
MPa, olarak elde edilmislerdir. Bu gerilmeler, kap
yiiksekligi ve tespit edilen matris kuvveti degerleri ile
degerlendirildiginde, matris kuvvetlerinin hemen hemen 8
mm’lik hareket mesafesinde dogerusal bir bigimde
biiylidiigii, 10-20 mm’lik zzimba hareketi boyunca matris
kuvvetlerinde ve net olusan gerilmelerde O6nemli bir
diistisiin oldugu, tahminen 15 mm zimba hareketinde ise
anlik bir biiylime meydana gelmistir. Bu biiylime, zimba
hareket mesafesinin biiylimesi ile birlikte matris
bosluguna c¢ekilen sac miktarinin da ¢ok olmasiyla
degerlendirilebilir. Sac boyutlar1 biiyiidiikge, kapta asiri
kalinlagmalar ve bu nedenle daha biiyiikk zimba
kuvvetlerinin uygulanmasi gerekmektedir.

4.2 Matris/Pot Gemberi Agisinin (a) Limit Gekme Orani (B)
Uzerindeki Etkisi

Deney sirasinda zimba kuvvetinin uygulanmasi ile
sac plakaya pot ¢emberi kullanilarak istenilen kuvvetin
tatbik edilmesi kapta meydana gelebilecek biiziilme ve
ondulasyonlar engellenerek sekillendirme islemi basarili
olarak yapilmis olmaktadir. Deneysel ¢alismalarda pot
¢emberi kuvvetinin sekillendirmeye olan etkisini tespit
etmek igin, pot ¢cemberi kuvvetleri 4 farkli deger olarak
uygulanmisgtir. Sekil 12°de, kalip/zimba radyiisit R=8 mm
sabit oldugu durumda baski plakas: kuvvetlerine bagh
olarak kalip/pot gemberi agisinin limit ¢ekme orani (f3)
iizerindeki etkisi goriilmektedir. Goriildiigii gibi artan
kalip/pot ¢cemberi agisina bagl olarak limit ¢gekme oram
artmaktadir. Ozellikle PCK=2500 N igin 12°’den sonra

limit ¢ekme oraninin azaldigi gorilmiistiir. Optimum
acinin 12° olmasi gerektigi sdylenebilir. PCK’nin 10000
N olmasi halinde iiriin alt kisimlarinda erken yirtilmalar
meydana gelmekte ve limit ¢ekme orani () miktar
diismektedir. PCK’nin 5000 ve 7500 N degerlerinde ise
B’nin esit ve diger PCK’ne gore daha yiiksek oldugu
goriilmektedir. Dolayisiyla, ideal B ig¢in, PCK’nin 5000 ve
7500 N olmasi gerekmektedir.

18 )"?L
' )/X/ /E:__‘
= B
s / /.;0/./ —4— 2500
g 14 ./ d )
-3
£ 0 / 7500
- —3¢— 10000
1
08 ]
0 5 10 15 20
Matris agis (°)
Sekil 12. Pot cemberi kuvvetinin limit gekme orani (B) tizerindeki
etkisi

4.3 Kalip/Pot Gemberi Agisinin (a) Et Kalinhigi Uzerindeki
Etkisi

Sekil 13°de sabit R=8 mm degerinde kap yiiksekligine
bagh olarak kalip/pot ¢emberi agisinin cidar kalinlig:
tizerindeki etkisinin degisimi verilmistir.

Deneysel c¢aligmalar sirasinda numuneler {izerinde
birden fazla farkli tiirde gerilmeler olusmaktadir. Bu
gerilmeler numunenin kesit kalinliklarindaki degisimleri
direkt olarak etkilemektedir [19]. Bu yiizden deneysel
caligmalarin  uygulanmasi  sirasinda  numunelerde
olusabilecek kesit kalinlik degisimlerinin olugsmamasina
o0zen gosterilmelidir. Kaplarin hassas bir sekilde
iretilebilmesi  i¢in  kaplardaki  kesit incelmeleri
onlenmelidir. Kaplardaki kesit incelmelerinin degisimi
elde edilecek olan iiriin kalitesi tizerinde etkili olmaktadir.

1,05

| =3 = 9 12° —H—15°

%D 0.85 43 Ww—)@f f
E v K’\‘T\L\l-ﬂ/l’]://
T 0,715 [, r

07

0,65

0.6

0 5 10 15 20 25 30 35 40
Kap yiiksekligi (mm)
Sekil 13. Kalip/pot gemberi agismnin cidar kalinlig1 iizerindeki etkisi

Kesit incelmelerinin &niine ge¢mek bakimindan
acinin biiyiik oranda 6nemi vardir. Ancak kalip/pot
¢emberi agisina bagh olarak kalinlik degisimleri benzer

International Journal of Innovative Engineering Applications 5, 2(2021), 187-194

192



Investigation of Deep Drawability of Rectangular Shaped Cups in Deep Drawing Dies

egilim gostermektedir. Kap boyunun 0-15 mm olan
araliginda kesit incelmelerinin distiigii ve 0,75-0,94 mm
gibi bir deger araliginda oldugu, sac kalinligindaki kesit
incelme degerinin ortalama %10 miktarinda distigii, 15-
20 mm araliginda ise sabit oldugu sOylenebilir. 20
mm’den sonra numunenin agiz kisimlarina dogru kaptaki
kesit incelmeleri asamali bir bigimde yiikselmekte ve
ozellikle 30 mm’den itibaren kesit incelmelerindeki
farklilik sac plaka kalinligindan daha fazla oldugu
goriilmiigtiir. Kalinliktaki bu fazlalagma yaklasik
%24’ diir. Kalip/pot ¢emberi agisinin (o) hemen hemen her
degerinde kesit degisimlerinde ayni durum goriilmektedir.

5 Sonuglar ve Tartisma

Bu caligmada, St37 c¢eliginden dikdortgen kesitli
kaplarin agili derin ¢ekme kaliplarinda sekillendirilmesi
esnasinda kalip/pot ¢ebmeri agisi ve pot c¢emberi
kuvvetinin limit ¢ekme oramt (B) ve cidar kalinhig:
tizerindeki etkileri deneysel ve sayisal olarak
aragtirlmistir.  Calisma sonucunda ¢ikarilan  genel
sonuglar agagida verilmistir.

1. Kalip/pot ¢cemberi agis1 (o) arttikca pot ¢emberi
kuvvetindeki artigin cidar kalinhig degisimine olan
etkisinin azaldigi, bu durumun en fazla deformasyon
olaymin gergeklestigi kap iist kistmlarindaki geri esneme
miktarinin kap alt kisitmlarindaki geri esneme miktarindan
daha diigiik olmasindan kaynaklandigi ve kaliplama
kuvvetini etkileyen en 6nemli faktoriin kalip/pot ¢emberi
agist ve kalip/pot gemberi kuvveti oldugu goriilmiistiir.

2. Kalip/pot gemberi agis1 (o) degerlerinin artmast ile
LCO (B)’da artmaktadir. St37 derin ¢ekme sacinin klasik
yontemle (a=0°) ¢ekilmesinde B=1.20 iken, kalip ve pot
g¢emberine ag1 vermek suretiyle (a=3-15°) B degeri, 1.55’¢
kadar yiikseltilebilmistir. SEM yontemi ile elde edilen
maksimum [ degeri ise 0=10° oldugu sartlarda, 1.61
olarak tespit edilmistir.

3. PCK’nin 2500 N ve 10000 N alinmalar1 halinde,
elde edilen kaplarda kulaklanmalar, erken yirtilmalar ve
catlaklar meydana gelmektedir. Dolayisiyla limit gekme
orami (B) istenilen degerde elde edilememektedir.
PCK’nin 5000 ve 7500 N alinmasi sirasinda ise daha
biyilk limit ¢ekme orani (B) ve daha diizenli kaplar elde
edilebilmektedir.

4. kel parca caplar1 ayn1 olan kaplarda kesit kalinlik
degisimleri kabin agiz kisimlarinda artmakta, taban
bolgelerinde ise azalmaktadir. Kabin orta bolgelerinde
daha diizenli ve sabit bir degisim gostermektedir. a=0°
iken minimum kalinlik 0.725 mm iken, o’nin 3°, 6°, 9°,
12° ve 15° alinmasi halinde minimum kesit degisimleri
strastyla 0.720, 0.760, 0.820, 0.840 ve 0,860 mm degerleri
olarak Ol¢iilmistir. Matris agisimin  biliytimesi ile
kesitlerdeki incelmenin diistiigii tespit edilmistir.

Bu makale Firat Universitesi Fen Bilimleri Enstitiisii
Makine Teknolojileri Programi’nda “Agcili Derin Cekme
Kaliplarinda Dikdortgen Sekilli Kaplarin Ilik Derin
Cekilebilirliginin Arastirilmas1” adi1 ile kayitli yiiksek
lisans tezindeki verilerden hazirlanmustir.
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Abstract

Original scientific paper
Buildings; reflects the characteristics of the time and the region with its materials, colors, architecture and all other features. It is equipped
with functions that can meet the needs of the society when it was built. However, this feature may no longer be needed in the future. In this
case, it is better to redesign and evaluate rather than demolish existing buildings and build new ones. Otherwise, the original function of
the structure and its historical position in social memory will be excluded and social identity will be destroyed while adding new data.
Cultural assets lose their current purpose of use in the historical process. Both the development of technology and the proliferation and
spread of the population are seen as the main reasons for this. In this case, the preservation and use of this structure require re-functioning.
Repurposing is a restoration technique. The main purpose here is to renew the original structure of the cultural property without
deterioration and to pass it on to future generations.
In this study, the partial use, human destruction, and malfunctioning of the restored and re-functioned Cimsit Bey Hammam were discussed
and interpreted in terms of economic, social and environmental factors.
As aresult, it is important that historical buildings from past periods lose their function due to a number of reasons and be re-functionalized
in line with needs and made usable, albeit for different purposes, in terms of transferring the building to future generations. In this context,
the use of the historical Cimsit Bey Hammam as a restaurant with re-functioning does not cause any harm to the historical structure and
the positive results that it has contributed to the development of the region are quite high.

Keywords: Interior, architecture, re-functioning, Harput, hammam.

HARPUT CIMSIT BEY HAMAMI'NIN YENIDEN ISLEVLENDIRME OLGUTLER| BAGLAMINDA
DEGERLENDIRILMESI

Ozet
Orijinal bilimsel makale

Binalar; malzemeleri, renkleri, mimarisi ve diger tiim 6zellikleriyle zamanin ve bolgenin 6zelliklerini yansitir. insa edildigi zaman-ki
toplumun ihtiyaglarini karsilayabilecek fonksiyonlarla donatilmistir. Ancak gelecekte bu 6zellige artik ihtiyag duyulmayabilir. Bu durumda
mevcut binalari yikip yenilerini inga etmek yerine yeniden tasarlamak ve degerlendirmek daha yerinde bir karar olacaktir. Aksi takdirde,
yapinin orijinal iglevi ve sosyal bellekteki tarihsel konumu dislanacak ve yeni veriler eklenirken sosyal kimlik yok edilecektir.

Kiiltiir varliklari tarihsel siireg icerisinde mevcut kullanim amaglarini kaybetmektedir. Gerek teknolojinin geligimi gerek niifusun ¢ogalmasi
ve yayilmasi bunun baglica nedenleri olarak goriilmektedir. Bu durumda bu yapinin korunmasi da kullanimi da yeniden islevlendirmeyi
gerektirmektedir. Yeniden islevlendirme bir restorasyon teknigidir. Buradaki asil amag kiiltiir varliginin 6zgiin yapisinin bozulmadan
yenilenmesi ve gelecek nesillere aktarilmasidir.

Bu ¢alismada restore edilip yeniden islevlendirilen Cimsit Bey Hamami’nin kismi kullanim, insan tahribati, yeni islevin uygun olup
olmadigr ele alinmis olup ekonomik, toplumsal ve cevresel faktorler agisindan incelenerek yorumlanmustir.

Sonug olarak, gegmis donemlerden giiniimiize ulasan tarihi yapilarin bir takim sebepler ile islevini yitirmesi ve ihtiyaglar dogrultusunda
yeniden islevlendirilerek, farkli amaglarla da olsa kullanilabilir hale getirilmesi, yapinin gelecek nesillere aktarilmasi agisindan 6nem arz
etmektedir. Bu baglamda tarihi Cimsit Bey Hamami’nin yeniden islevlendirme ile restoran olarak kullanilmasinin tarihi yapiya tahribati
$0z konusu degildir ve bolgenin kalkinmasina saglamis oldugu katki biiyiiktiir.

Anahtar Kelimeler: i¢ mimarlik, yeniden isleviendirme, Harput, hamam.
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1 Girig

Yapilar, toplumun ihtiyaglar1 dogrultusunda ortaya
¢ikan ve yapildigi donemin yapisal dzelliklerini igeren
mimarlik {irtinleridir. Yapilarin insa edildigi zaman dilimi,
o donemin biitiin 6zelliklerini ortaya cikarmakta ve
giiniimiize gegmis donem ile ilgili detaylarn
yansitmaktadir. Geg¢mis toplumlarda giinlik ihtiyag
dogrultusunda kullanilan binalar giiniimiizde tarihi yap1
olarak ortaya ¢ikmaktadir. Gegmisten giiniimiize ulasan
ve tarihi bir degere sahip olan yapilar tarihi yap1 olarak
ifade edilir. Bu yapilar, inga edildigi donemin izlerini
gecmisten  glinimiize kadar yansitma  &zelligine
sahiptirler. Kuskusuz tarihten gilinimize kalan her
yapmin toplumlar acisindan bir degeri vardir. Tarihi
yapilar gecmis toplumlarin din, dil ve irk gibi 6zelliklerini
yansitmanin yaninda giiniimiiz toplumuna yasayis
tarzlarindan da bahsetmektedir. Tiim bu bilgiler 1s18inda
tarihi yapilarin genel anlamda ortaya ¢iktig1 bdlgenin
kiiltiriinden de bizlere bahsettigi soylenebilir.

Toplumlarin tiimiinde temizlik bir kiltiirdiir. Bu
kiiltiirle ilerlenirken, mevcut tesisat yoklugu ve su dolagim
sikintis1 sebebi ile tarihsel siire¢ igerisinde sehirlerin
belirli  bolgelerine  temizlenme  amagli  yapilar
kurulmustur. Bu yapilara toplum arasinda ‘hamam’
denilmistir. Anadolu’da yikanma ve hamam kiiltiiri
Roma déneminde baglamstir [1]. Benzer bir ¢izgiyle Tiirk
toplumunda hamamlar; temizlenme, armnma ve ayni
zamanda sefa yerleri olarak da bilinmektedir.

Tarihi kaynaklar incelendiginde, Osmanlit doneminde
evlerine hamam yaptiran zengin kesimin, bununla
yetinmeyip toplumun kullanimina sunulmus olan umumi
hamamlara da eglence ve sefa amagl katilim sagladigi
goriilmektedir. Ayrica, geg¢mis donemde insanlarin
toplumsal kiiltiir anlaminda kullandiklart bir sosyallesme
aract olarak karsimiza ¢ikmaktadir. Tarihsel siirece
bakildiginda Anadolu’da ¢ok sayida hamam yapisina
rastlamak miimkiindiir [2].

Malazgirt Savasi tarihgiler acisindan Tiirklerin
Anadolu topraklarina girisi olarak kabul edilmektedir ve
Malazgirt Savasi’ndan sonra Harput ile ¢evresi Tiirklerin
eline ge¢mistir. Birgok uygarligin bu topraklarda hiikiim
stirdiigii bilinen Harput, Anadolu tarihinde 6nemli bir yer
tutmaktadir. 1516 Caldiran Muharebesi’nden sonra
Osmanli iradesine gegen Harput, baslangigta Diyarbakir
eyaletine bagli bir sancak halinde teskilatlandirilmistir.
1530 tarihli bir kayda goére Harput’ta 14 Misliiman, 4
Ermeni mahallesinin oldugu bilinmektedir. 19. yiizyilin
sonlarinda Harput’ta 2670 ev, 843 diikkan, 10 cami, 10
medrese, 8 Kkiitiiphane ve kilise, 12 han ve cgesitli
biiyiikliikte 90 hamam bulundugu Kamus-iil-a’lam’da
belirtilmektedir.

Hamamlariin fazlaligi ile gbéze c¢arpan bu tarihi
kentte en gboze carpanlardan biri de Cimsit Bey
Hamami’dir. Yavuz Sultan Selim Han'm sipahi
beylerinden Cimsit Bey tarafindan 16. yiizyilin ilk
yarisinda Harput’ta yaptirilmistir. Giiniimiize kadar
yapisal mimarisi bozulmadan wulagan bu hamam
simdilerde yeniden islevlendirme yapilarak restoran
olarak kullanilmaktadir.

Tarihi, kiiltlirel ve mimari mirasin, nesiller boyu
devam ettirilerek yasatilmas: ve ayni zamanda gegmis,
bugiin ve gelecek zaman araliklariyla bag kurabilmesi

kiiltirel miras noktasinda farkindaligin kazanilmasi
acisindan biyiik 6nem arz etmektedir. Bu dogrultuda
calismada ele alinan Cimsit Bey Hamami1’nin 6zgiin iglevi
sonrasi nasil kullanildigi, yeni yiiklenen islevle gegmisi
giinlimiize nasil yansittig1 ve yasamimiza ne sekilde dahil
oldugu yapinin tarihi, konumu, cevresi ile olan iliskisi,
tasarlanma amact ve mimari 6zellikleri gibi konularinin
iizerinde durularak ¢alismanin 6nemi vurgulanmistir.

Caligmanin amaci; Ozgiin islevini kaybetmis ve
yeniden islevlendirilmis olan bir hamam yapisimn
ugradigl mekansal degisim ve dontigiimlerin incelenmesi
ve yeni isleve uygunlugunun sorgulanmasidir. Bu
kapsamda ele alinan ve Elazig ili Harput Mahallesi tarihi
dokusunun 6nemli bir pargasi oldugu diisiiniilen Cimsit
Bey Hamami’'nin; tarihsel siire¢, uygun islev se¢imi, i¢
mekan organizasyonu ve yeniden islevlendirme ilkelerine
uygunlugu baglaminda degerlendirmesi yapilmistir.

Calisma icin Oncelikle literatiir aragtirmasina
baglanmus, kiitiiphane, arsiv vs. gibi ana kaynaklar ziyaret
edilerek yapiyla ve konuyla alakali pek ¢ok kaynak
taranmustir. Yapilan literatiir caligmasi kapsaminda gesitli
kurumlardan (kamu, 6zel) ulasilan kaynaklar incelenmis,
Cimsit Bey Hamami’yla ilgili tarihten giiniimiize hem
gorsel hem de yazinsal bilgilere ulagilmistir. Daha sonraki
asamada sahaya inilerek yapinin yerinde mevcut durum
incelemesi yapilarak fotograflandirilmigtir.

Arastrma kapsaminda Cimsit Bey Hamami’'nin,
Vakiflar Genel Miidiirligii’niin yasal izni ile restorasyon
teknikleri baglaminda yeniden islevlendirilmesi sonucu,
i¢ mekan islevselliginin sorgulanmasi, yapiin fiziksel
problemlerinin tespiti ve bdlgede restoran olarak
islevlendirilecek diger yapilarin mimari/i¢c mimari
tasarimlarina yansimasi anlaminda saglayacagi faydalar
biiyiikk 6nem arz etmektedir.

2 Kultar Varliklarini Koruma Yaklagimlari ve Yeniden
Isleviendirme Kavrami

Yasayan toplumlarin gelismislik diizeylerini gosteren
en Onemli faktorlerden biri ‘koruma kavrami’dir.
Kentlerin gelisme siireclerini goz 6niinde bulunduracak
olursak, kentin dnemli degerleri ve 6zgiin niteliklerinin
elde edilmesi agisindan koruma kavrami biiyiik rol
oynamaktadir [3].

Koruma kavraminin en Onemli sorunsali ‘neyin
korunacagi?’ sorusudur. Geg¢misten giinlimiize kadar
ayakta kalabilmeyi bagaran islevsel binalar, dini yapilar,
mezar anitlar1 korunma altina alinmasi gerekli kiiltiir
varliklaridir.  Yalnizca islevsel olan ve ge¢misten
giinlimiize kadar varligin1 devam ettirmis yapilar anitsal
olmamalarina ragmen kendi yapildiklar1 donemin tarihini
ve kiiltiiriinii yansittig1 i¢in korunmaya alinmalidir [4].
Venedik Tiiziigi’nin 3. Maddesi’nde; ‘’Anitlarin
korunmasinda ve onarilmasindaki amag, onlari bir sanat
eseri oldugu kadar, bir tarihi belge olarak da korumaktir’’
seklinde belirtilmektedir [5]. Bu baglamda bir yapinin
geemisin izlerini yansitiyor olmasi onun koruma altina
alinmasi i¢in gegerli bir sebeptir.

Kiiltlir varliklarinin korunmasi amaciyla iilkeler ve
iilke birlikleri nezdinde bir¢ok anlagsma yapilmistir. Bu
anlagmalardaki genel amag¢ eski c¢aglarda {ilkelerin
hiikmettigi topraklarin simdiki zamanda bagska iilkelerin
elinde olmasindan dolayr kiiltir varliklarma sahip
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¢ikmaktir. Genel olarak topluluklarin amaci tarihin
izlerini tasiyan kiltiir varliklarin1 gelecek nesillere
aktarabilmektir. Bu gergeve de iilkeler pek ¢ok anlagma ve
sozlesme imzalamiglardir.

Tiirkiye’nin de dahil oldugu uluslararasi sdzlesmeler
bulunmaktadir. Avrupa birligi aday iiyesi olan iilkemiz
kiiltiir varliklar1 sdzlesmelerinde yerini almaktadir. Genel
olarak Kkiltiir varliklarim1 koruma sézlesmelerinde belirli
kriterler mevcuttur. Fakat tiim bunlara ragmen iilkelerin
kriterleri yerine getirmedigi durumlarda da yaptirimlarin
yeteri kadar gii¢lii oldugu sdylenemez [6].

Kiiltiir varliklari, gegmis tarihimizin ve kiiltiiriimiiziin
giinlimiize ulagabilmesinde en Onemli rol oynayan
varliklardir. Bu sebeple bizlere miras birakilan kiltiir
varliklarin1 gelecek nesillere aktarabilmek i¢in dogru
restorasyon ¢alismalar1 ve islevlendirme teknikleri ile bu
varliklarin koruma altina alinmalar1 gereklidir. Sahip
cikilmayan ve kendi haline birakilan her kiiltiir varligi
tahrip olup zamanla yok olmaya mahkim birakilmis olur.

2.1 Yeniden islevlendirme Kavrami

Yeniden islevlendirme bir restorasyon teknigidir.
Buradaki asil amag kiiltiir varhigmin 6zgiin yapisinin
bozulmadan yenilenmesidir. Yeniden islevlendirme
kavrami giiniimiiz tarihi yapilarinda oldukga sik kargimiza
¢ikmaktadir. Yapilarin zaman ile kullanilabilirligini
kaybetmesi, yeni yasam bi¢iminde tercih edilmemesi
buna bagli olarak islevini yitirmis olmasindan dolay1
farkli iglevlere doniistiiriilmesine yeniden islevlendirme
adi1 verilmektedir [7].

Yasadigimiz cagda birgok sey cok hizli bir bigimde
degismektedir ve bu degisime ayak uydurabilmek icin
yeni bi¢cim ve diizenlemeler zorunlu hale gelmektedir.
Gegmis donemlerde insa edilen yapilarin islevleri
degisebilmekte ve farkli amagla kullanilabilmektedir.
Ozgiin islevlerini siirdiiremeyen, han, hamam, medrese,
kilise gibi yapilar iglev degisikligine ugramis yapilara
ornek verilebilir [8].

Kiltiirel degeri olan yapilarin, siirdiiriilebilirlik
acisindan  devamimin  gerceklestirilmesi, bdlge ile
adaptasyonunun saglanmasi ve tarihi degerlerinin
yasatilmasi adma Onem arz etmektedir. Bu yapilarin
6zgiin durumlarinin korunmasi ve giiniimiiziin ihtiyaglar
dogrultusunda kullanilmasi koruma iglevinin en onemli
Ogesidir [9]. Yapilarin yeniden islevlendirilerek faydah
hale getirilmesi, kullanilabilirlik baglaminda deger
kazanmasi anlamina gelir [10].

Yapilarin yeniden islevlendirilmesi i¢in tasarim
siirecine baslamadan Once, nasil bir tasarim siirecinin
takip edilecegi ve yaklasim Kkararlarin1 belirlemek
gereklidir. Takip edilmesi gerekli olan tasarim siireci
asamalarint Aksoy, Sekil 1° de goriildigi gibi soyle
acgiklamustir: “Sorun belirleme, bilgi toplama, ¢éziimleme,
tasarim kararlari, amag belirleme, sentez, degerlendirme,
gelistirme, asamalar1 takip edilerek tasarim iiriinii elde
edilmektedir” [11].

Tarihi yapilarin devamliliklarini = siirdiirebilmeleri
acisindan  yeniden islevlendirme biiyiikk bir rol
oynamaktadir. Cilinkii ge¢misten gilinlimiize kadar
gelebilen yapilar zamanla birtakim sebeplerden Otiirii
iglevlerini yitirmektedirler. Niifus artigi, kentlesme ve
konfor gibi etkenler tarihi yapilarin islevlerini

kaybetmelerine sebep olmaktadir. Sahipsiz kalan bu
yapilarin gerek dogal sebepler, gerek insan tahribati
dolayisti ile ayakta kalabilmeleri gii¢ duruma gelmektedir.
Yeniden islev verilerek bagka amagclarla da olsa insanlarin
kullanimina agilan yapilarin dogru restorasyon teknikleri
uygulanarak  tarihi  dokusuna  zarar  vermeden
islevlendirilmesi biiyiik 6nem arz etmektedir.

Sorun Belirleme

Bilgi Toplama

Tasarmm | Amag Belirleme
Kararlar1 ~

Sekil 1. Aksoy’un tasarim siireci semasi [12].
3 Caligma Alani: Cimgit Bey Hamami
3.1 Yapinin Konumu

Yap1 Elazig ili, Harput Mahallesinde bulunmaktadir.
Belediye caddesinde Ipekhane carsisimin  arasinda,
Sarthatun Camii’nin yaninda bulunan Cimsit Bey
Hamami’nin tas kemerli olarak yapilan bu kapilardan biri
Ipekhane carsisina bakarken, digeri Belediye caddesine
acilmaktadir [13]. Yapmin ada, parsel sorgulamasi
yapilarak konumu Sekil 2° de goriilmektedir.

Seki 2. Cimsit Bey Hamami konum[14]h.

3.2 Yapinin Tarihi

Cimsit Bey Hamami’nin tarihi hakkinda pek fazla
bilgi bulunmamaktadir. Hamamin tarihi hakkinda bilgi
alinabilecek insa kitabesi bulunmamaktadir. Hamamla
ilgili en erken tarihli bilgiyi Evliya Celebi vermektedir.
16. ylizyllda “Palu sancagmi” veya kaynaklardaki
ifadeleriyle “Palu Hiikiimetini” y6neten Cimgit Bey’in
hamami yaptirdigi kabul edilmektedir. 385 Numarali,
1042-1043-1632/33, 1633/34 Harput Ser’iyye Sicilinde
ve 386 Numarali Harput Ser’iyye Sicilinde yapidan
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bahsedilmektedir. 17. ylizyilin ikinci yarisina ait 1077-
1666/67 tarihli Harput Ser’iyye Sicili kaydinda Cimsit
Bey Hamami’nin 24.000 akge karsiliginda kiraya verildigi
belirtilmekle birlikte hamamm bagh oldugu vakiftan
bahsedilmemekte, sadece hamamin icaresine (kira) ait bir
belgenin mevcut oldugu belirtilmektedir. 1310-1892/93
tarihli Mamiiratii'l-Aziz Salnamesinde, hamamim Palu
beylerinden, Cimsit Bey tarafindan yaptirildigi ifade
edilmektedir.

Hamamin soyunmaligindaki  sekilerin  altinda
ayakkab1 koymaya mahsus nislerin  yapilmasi,
Anadolu’da 15. yiizy1l sonlar1 ile 16. yiizy1l baslarinda
Osmanli hamamlarinda gériillen bir uygulamadir.
Hamamin ismini aldig1 Cimsit Bey, Palu’da 60 yila yakin
beylik etmis 1568 yilinda yaklasik 120 yas civarinda vefat
etmistir. Bu bilgiler 1s1ginda hamamin 16. yiizyilin ilk
yarisinda inga edilmis olabilecegi diigiiniilmektedir [13].

1965 yilinda Vakiflar Genel Miidiirliigii tarafindan ilk
onarimi yapilan Cimsit Bey Hamamu tarihi dokusu
bozulmadan giiniimiize kadar varligini stirdiirmiistiir.

3.3 Mimari Ozellikleri

Plan1 dort eyvanli sekilde olan Cimsit Bey Hamami
soyunmalik, sogukluk, sicaklik boliimleri ile su deposu ve
kiilhandan olugmaktadir [13].

Soyunmalik, sogukluk, sicaklik béliimleri yapinin
batisindan baglayarak siralanmistir. Su deposu ve kiilhan
sicaklik boliimiiniin glineyinde yer almaktadir. Hamamin
oniinde bulunan yol, yapim ve tamiratlar sonrasinda
yiikselmis olup, soyunmalik boliimiine bati ve giliney
tarafinda bulunan merdivenlerle inilerek girilebilmektedir
[13]. Yapinin giris kapisi Sekil 3’ te gorillmektedir.

Yapmin giiney cephesinin batisina kaydirilmis
yuvarlak kemerli kapidan girilen soyunmalik, 7,25 x 7,25
m. dlgiilerinde kare bi¢imindedir. Kap1 agikliklar1 hari¢
soyunmaligin biitiin cepheleri 0,50 m. yiikseklikte, 1.20
m. genislikte sekilerle ¢cevrilmistir. Bu sekilerin altina ise
ayakkabilar1 koymak icin belirli araliklarla nisler
yerlestirilmistir. Son zamanlarda ise bu sekilerin iizerine
ahsap soyunma kabinleri konulmustur. Soyunmaligin
iizeri koselerde tromplara oturan kubbe ile Ortiiliidiir.
Kubbe dogu ve bati cephelerinde birer adet dikdortgen
pencere bulunan yiiksek bir kasnaga oturmaktadir ve tam
ortasinda bir aydinlik feneri bulunmaktadir. Soyunmaligin
zemini sal tasi ile kaplanmistir ve tam orta aksinda on iki
gen seklinde, ortasinda ¢anak ve kaidesi olan fiskiyeli
sadirvan yerlestirilmigtir [13].

Soyunmalik bdliimiiniin dogu cephesinin ortasina
acilan basik kemerli kapit ile sogukluk bolimiine
gecilmektedir. Sogukluk bolimii dikdortgen seklindedir
ve Kuzey-giiney yoniine dogru uzanmaktadir [13].
Sogukluk 9,90 x 9,84 m. ebatlarinda tek kubbe iizerinde
yanlarda yarim kubbeler ile iist 6rtiiye sahiptir. Kubbenin
tepe bitis noktasinda sekizgen bir fener yer almaktadir
[15].

Dikdértgen yapiin uzun kenarlarina boydan boya iki
sivri kemer atilarak sogukluk ii¢ esit mekana boliinmiis
durumdadir. Bu ii¢ boliimden kuzeyde olanin tizeri kubbe
ile ortiilmiis, kubbeye gecis pandantiflerle saglanmistir.
Yakin zamana kadar usturalik olarak kullanilan bu boliime
soguklugun kuzey bati kosesine agilan kapidan
girilmektedir ve kubbenin iizerinde bulunan alti adet
yuvarlak 151k gozii ile bu kisim aydinlatilmaktadir. Diger
iki boliimiin aydmlatilimasi ise sogukluk bdlimiiniin
iizerinin Ortiildiigii tonozun sirtina agilan degisik
oOlciilerdeki bes adet 151k gozii ile saglanmaktadir. Seki ve
kurna bulunan bu bélimde yikanmak miimkiindiir.
Soguklugun gilineyinde onceleri tuvaletler bulunurken,
tuvaletler daha sonra yikilmig ve ortadan kalkmigtir [13].

Soguklugun dogu cephesinin kuzey kosesine agilan
basik kemerli kapidan sicaklik boliimiine girilmektedir.
Sicaklik boliimiiniin plani dort eyvanli, kdse halvet hiicreli
sekildedir. Merkezdeki boliimle halvet hiicrelerinin tizeri
kubbe, eyvanlarin {izeri ise hafif sivri besik tonozla
ortiilmiistir. Merkezi kubbe halvet kapilarinin biraz
iizerinden baglayan iicgen bingiler iizerine oturtulmustur.
Sicaklik boliimii, Sekil 4’ te goriildiigii lizere, kubbenin
tam tepesine acilan bir adet tepe penceresi ve kubbenin
sirtina iki sira halinde simetrik olarak agilan toplam 22
adet yuvarlak formlu 151k g6zii ile aydinlatilmaktadir [13].

! B
Sekil 4. Cimsit Bey Hamami’nin dogal aydinlanmasini saglayan 151k
gozleri i¢ goriiniim [16].

Merkezi kubbenin tam altinda 0,50 m. yiiksekliginde,
sekizgen formlu gobek tast ile sicakligin zemininin
tamami ile duvarlarinin 1.30 m.’ye kadar olan kism1 ve
sekilerin Gstii mermerle kaplanmustir [13].

Giris eyvan disindaki diger li¢ eyvanin tiimiinde ii¢
yonde yikanma sekileri yer almaktadir. Her cephenin
ortasina gelecek sekilde Sekil 5° de goriildiigii tizere bir
adet kurna yerlestirilmistir. Sicakliga girilen eyvanin
sadece giiney cephesi boyunca uzanan bir adet sekisi
bulunmaktadir. Bu sekinin tam ortasina gelecek sekilde
bir kurna bulunmaktadir. Hamamda bulunan kurnalardan
higbirisi orijinal degildir ve kumalarin dniinde ayna tas1 da
bulunmamaktadir. Sicaklikta bulunan biitiin halvet
hiicrelerinin girisi basik kemerli kdse kapilarindandir.
Kare seklindeki halvet hiicrelerinin hepsi 6l¢ii olarak
birbirinin aymisidir ve tamaminin {izeri kubbe ile
ortiliidiir. Kubbeye gecis pandantiflerle saglanmistir.
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Halvet hiicrelerinin aydinlatmasi kubbenin sirtina agilan
degisik Olgiilerdeki altisar adet 151k gozleriyle
saglanmaktadir. Ozel yikanma boliimleri olan halvet
hiicrelerinin zemini diiz birakilmistir ve burada seki ve
kurna bulunmamaktadir [13].

e Mo - s
Sekil 5. Cimsit Bey Hamamu seki ve kurnalar [15].

Sicakligin giineyindeki eyvanin, giiney duvart iizerine
agilan 0,45 m. genislikteki aciklikla su deposu birbirine
baglanmistir. Uzeri besik tonoz ile 6rtiilii olan su deposu,
sicaklik, sogukluk ve soyunmaligin bir kisminin cephesini
i¢ine alacak sekilde uzanmaktadir.

Kiilhan, su deposunun giiney cephesi boyunca
uzanmaktadir ve iizeri besik tonoz ile Ortlilmiistiir.
Kiilhana giris bat1 cephesinin ortasina agilan basik kemerli
bir kapi ile saglanmistir. 3,54 x 8,66 m. Olgiilerindeki
kiilhan boliimiiniin kuzey cephesi ortasina gelecek sekilde
0,60 x 1,80 m. dlgiilerinde tizeri sivri kemerle Ortiili bir
nis agilmistir. Bu nigin kuzey duvari ortasina gelecek
sekilde diizenlenen 0,50 m. genisligindeki agiklik kati
yakit maddelerinin atildig1 ocak agzidir [13].

Asagida ki sekillerde Vakiflar Genel Midiirligi
arsivinden elde edilen, yapinin vaziyet plan1 ve kesitleri
goriilmektedir.

®

£
1 / \</ / i

e

Sekil 6. Cimsit Bey Hamami vaziyet plam 6lgek: 1/100 [15].

)
S 00000 O
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A KEST
OLoex180
Sekil 7. Cimsit Bey Hamamu A-A kesiti dlgek: 1/50 [15].

Ougexts0
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Sekil 9. Cimsit Bey Hamami C-C kesiti 6lgek: 1/5 [15].

T |
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0D KesIT
QLgek-150
Sekil 10. Cimsit Bey Hamami D-D kesiti 6lgek: 1/50 [15].

4 Cimsit Bey Hamamrnin Restorasyon Calismasi ve
Yeniden Iglevlendirilmesi

Miilkiyeti Vakiflar Midiirliigii’ne ait olan taginmaz,
Diyarbakir Kiiltiir ve Tabiat Varliklarimmi Koruma
Kurulu'nun 30.05.1985 tarih ve 1089 no.lu karar ile
Korunmasi Gerekli Taginmaz Kiiltiir Varlig1 olarak tescil
edilmigtir [15]. Tescil fisi Sekil 11’ de goriilmektedir.

Vakiflar Genel Midiirliigii’niin izni ile 2003 yilinda
gerceklestirilen revize restorasyonu ¢aligmalar1 esnasinda
cekilen fotograflar ve yazili tutanaklar, Vakiflar Genel
Midiirliigii’nden izin alinarak elde edilmistir. Mevcut
restoran isletmesi 2003 yilinda yapilan restorasyon
sonrast Vakiflar Genel Miudirliigii ile kira kontrati
yaparak yap1y1 kullanmaya devam etmistir.

Vakiflar Genel Midiirliigi 15.04.2003 tarih ve 272-
257 sayili rapor tutanaginda yapinin restorasyon
caligmalarina baglamadan onceki durumu asagidaki gibi
acgiklanmusgtir.
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Anitsal Knltor Varhklari:
CEMSIT (CIMSIT) HAMAMI
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Sekil 11. Cimsit Bey Hamamu tescil fisi [15].

“Yap1 uzun silire bakimsiz kalmasindan, camlarin
kirthp, c¢ortenlerin tahrip olmasindan ve yogun kis
sartlarindan igeriye su almis kubbelerden, camlardan ve
catlaklardan sizan su ve nemle oldukga tahrip olmustur.
Oldukga tahrip olmus olan yapinin dogusundaki Kiilhan
kisminin, giineyde yikik olan pencere duvari yapiya
uygun olarak tamir edilerek cam takilmasi, tavandan
iceriye sizan sularin catlaklarinin bulunup silikon veya
hargla kapatilmasi, ayni islemin kubbelerdeki catlaklarda
da yapilip igeriye su almalarinin 6nlenmesi gereklidir.
Sogukluk boliimiinde iist kubbe yapisi igeriye su aldigi
icin nemden sivalari patlayip dokiilmiis, batida ve
kubbede yer alan pencerelerin camlart kirilmistir.
Bunlarin temizlenerek yapiya uygun camlarin takilmasi
ve su sizintilarinin dnlenerek igerisinin tekrar sivanarak
kullanilabilir  hale getirilmesi, hamamin sicaklik
boliimiinde de ayni sorunlar gézlemlenmekte oldugundan
bu bolimde de yapiya uygun onarimlarin yapilmasi
gereklidir. Hamamin bahgesinde batida yer alan
betonarme kuliibenin  kaldirilarak  yerine bahgede
herhangi bir degisiklik yapilmadan ahsaptan sokiiliip
takilabilen bir servis kuliibesinin yapilmasi da ihtiyagctir.
Yapmnin distaki ¢ortenler ve sagaklari oldukga tahrip
oldugu i¢in bu kisimlarin ve suyun aktigi alt kisimdaki
tretuvar kismindaki patlayarak dokiilmiis ve catlamig
kisimlarin da tekrar onarilmasi yapinin su ve nem
almamast igin gerekmektedir’” [15].

Yukarida belirtilen hususlar dogrultusunda Harput
Mabhallesi’ndeki Cimsit Bey Hamami’min &zgiin
dokusunun korunarak revize restorasyonu i¢in Diyarbakir
Kiiltiir ve Tabiat Varliklarini Koruma Kurulundan izin
almarak onarima baglanmistir.

Yapinin bahge sinirlart demir korkulukla gevrilidir.
Ayrica demir korkuluklar {izerinde birgcok reklam
tabelalar1 bulunmaktadir. Kuzey cephesine bakan kisimda
betonarme kuliibe bulunmaktadir. Yapilan restorasyon

caligmasi ile bu betonarme kuliibe kaldirilmis ve demir
korkuluklar  iizerinde bulunan reklam tabelalari
temizlenmistir. Yapmim dig goriintlisit Sekil 127 de
goriilmektedir.

: ¥

Sekil 12. Cimsit Bey Hamami restorasyon sonrast dig gé}dnﬁé [16]):

Yapinin dis cephe duvarlarimin az hasarli olmasindan
dolay1 restorasyon sirasinda fazla miidahale edilmemistir.
Nem ve rutubetten dolay1 dokiilen bazi kisimdaki sivalar
onarilmig ve sacaklar tamir edilmistir. Tamir edilmis
giiney cephenin goriintiisii, Sekil 13” de goriilmektedir.

Sekil 13. Cimsit Bey Hamami restorasyon sonrasi giiney cephe
goriiniimii [16].

Sicaklik boliimiine ait kubbelerin yilizeyinde bulunan
catlaklar giderilmis ve boyasi yapilmstir. Ayrica ortadaki
kubbenin tepesine goriintiiyii bozmayacak sekilde Sekil
14’ te goriildiigi tizere, baca eklenmistir.

— e —

S == - T ma— -

Sekil 14. Cimsit Bey hamamu restorasyon sonrasi kubbe goriinimii
[16].

Yapilan onarim sonrasi yapmin biiylik kubbeli
soyunmalik  bolimiiniin  {izerinde bulunan 1s1klik
(aydinlatma) boliimiinde distan sacaklar ve pencereler
yenilenmis, pencere kenarlar1 siva ile gerceve igerisine
almip tizerine hem {istte, hem aralarda baklava dilimi
kabartmalar eklenmistir. Ana kubbedeki catlaklar
kapatilip sagaklar kirmizi renkli tugla ile yenilenmistir.
Sekil 15° te soyunmalik bdliimiiniin st kisminda bulunan
1s1klik goriilmektedir.
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[16].

Yapmin soyunmalik boliimii temizlenmis ve badana
yapilmistir. Fakat kubbede orijinal yapida olmayan kalem
isi slisleme yapilip tiim kubbe ve pencere kenarlar1 bu
bitkisel siislemelerle tanzim edilmistir.  Pencere
kenarlarma ’S”’, kemer araliklarina terazi ve kitap motifi
stislii bir madalyon igerisinde iglenmigtir. Kemerlerin belli
kisimlar1 da kahverengi boya ile belirginlestirilmistir.

Hamamin soyunmalik kisminin ortasinda bulunan
sadirvanin islevselligi yitirilmis ve i¢erisine komiir sobast
yerlestirilmigtir. Mekanin 1sitilmast  bu  soba ile
saglanmaktadir. Sadirvan etrafina ve yerden 0.70 m.
yiiksekligindeki seki kisimlarmma masa ve sandalyeler
konularak miisterilerin yemek yemelerine olanak
saglanmustir. Sekil 16’ da, restorasyon sonrasi soyunmalik
alaninda bulunan sadirvan gériilmektedir.

Sekil 16. Cimsit Bey Hamami restorasyon sonrasi sadirvan goriiniimii
[16].

Yapmin sicaklik ve halvet bolimil de Sekil 17’ de
goriildiigii iizere, soyunmalik boliimii gibi temizlenmis ve
badana yapilmistir. Kemer kisimlari ve siitunlarin
iizerinde kapli olan dogal taslar siva kalintilarindan
temizlenmistir. Duvar ve zeminde kapli olan mermerlerin
tadilatlar1 yapilmis ve onarilmistir. Orta kisimda bulunan
gobek tasinin lzerindeki mermer kaplama daha
saglamlagtirilarak onarimi yapilmustir.

— 1
Sekil 17. Cimsit Bey Hamami restorasyon sonrasi Sicaklik goriinimii
[16].

41 Cimsit Bey Hamamr'nin Yeniden ilevlendiriimesi

Cimsit Bey Hamami Sarahatun Camii ile birlikte
toplamda 1922 m? alana sahip bir alan igerisinde
bulunmaktadir. Toplam metrekareye bahge alani dahil
degildir. Cimsit Bey hamamimin 2003 yilinda yeniden
islevlendirilmesi ile Ensar Mangal Vadisi ad1 altinda bir
restoran faaliyete girmistir. Isletme hamam bolgesinde
500 m? bahge alaninda ve 200 m? kapali alanda olmak
iizere toplam 700 m?’yi kaplamaktadir.

Yeniden islevlendirme ile restoran haline getirilen
Cimsit Bey Hamami’nda tarihi dokulara kesinlikle zarar
verilmemekte ve genel olarak bahge kisminda tarihi
dokuya dokunmadan isletme faaliyetini yiiriitmektedir.
Hamamuin tarihi dokusunda iki giris bulunurken yeniden
islevlendirme neticesinde her iki kap1 da kullanilmaktadir.
Sekil 18’de yapinin kuzey cephesine bakan bahge kapisi
goriilmektedir.

Seki. Cisit Bey Hamami kuzey bahge girisi [15].

Kapali alanda, Sekil 19°da goriildiigii iizere, restoran
tarafindan sadece hamamin giris (soyunmalik) kismi
kullanilmig olup, sicaklik, 1liklik ve kiilhan boliimlerinde
restoran faaliyet gostermemektedir.

Sekil 19. Cimsit Bey Hamami restorasyon sonrasi soyunmalik
goriiniimii [16].
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Yaz aylarinda faaliyet ¢ogunlukla bahge alaninda, kis
aylarinda ise bahge kismi kapatilarak yalnizca kapal
mekanda saglanmaktadir. Bahge kisminin bat1 ve kuzey
cephesi igletme tarafindan kullanilmaktadir. Sekil 20” de
bahgenin bati cephesinde kullanilan alan goriilmektedir.
Bu alanin bir kismmin {izeri glines ve yagmurdan
korunmak amagli germe membran ile kapatilmistir.
Germe membran kullanilmast yapinin mimari dokusuna
zarar vermemek admna saglikli olmustur. Masa,
sandalyeler yapmin duvar kisminda ve kars1 tarafinda yer
almaktadir.

1l A y
Sekil 20. Cimsit Bey hamami bahge goriiniimii bati cephesi [14].

Yapinin giiney bahge kismina iki ayr1 kapali alan inga
edilmistir. Kis aylarinda misterilerin agirlandigi ve
yemeklerin hazirlandigt mutfak kismu bu alanlarda
bulunmaktadir. Sekil 21’ de goriilen mekanda tavan
kaplamasi olarak lambiri, zemin ddsemesi olarak ise
kahverengi seramik kullanilmistir. Sekil 22° de goriilen
mekanda ise yine tavanlarda lambiri kullanilmistir, fakat
zemin dosemesi olarak ahsap parke tercih edilmistir.
Mekanin aydinlatmasi tavandan iple sarkitilmig ahsap
kaplamali aydinlatma elemanlar ile yapilmistir. Her iki
mekanin cephelerinde agilabilir cam balkon kullanilmis
ve i¢ kismin daha ferah ve aydinlik olmasi saglanmistir.
Ayrica yaz aylarinda cam balkonlar agilarak miisterilerin
serin bir sekilde dinlenmelerine ve yemek yemelerine
olanak saglanmustir. Isitma sistemi olarak komiir sobalart
kullanilmaktadir. Ahsap masa ve sandalyeler tercih
edilmistir.

A

Cimgsit Bey Hamamu giiney ceph

“Sekil 21. esi kapali alan [16].

LRSI .
Sekil 22. Cimsit Bey Hamamu giiney cephesi kapali alan [16].
42  Bulgular

Mekan performansina dayali olarak sosyal, kiiltiirel,
ekonomik, mimari ve ¢evresel agidan islevin avantaj ve
dezavantajlarini  degerlendirmek gerekirse asagidaki
sonuglar elde edilmistir. Ayrica Tablo 2’de ¢ikan
sonuglarin karsilastirilmas yapilmstir.

4.2.1 Yapiya Yiiklenen Yeni islevin Avantajlari

e Islevini yitirmis hamam yapisimin atil kalmamasi ve
gelecek nesillere aktarilmasi bakimindan yerinde bir
uygulama olmustur.

e Yapmnn etrafindaki dogal ¢evre, organik yapisini
muhafaza etmis ve ¢evrede yarattigi etki
bozulmamistir.

e  Yapinin yeniden iglevlendirme sonucu islevselligini
kaybetmemesi ve kullanilabilir durumda olmasi,
etrafinda bulunan diger tarihi yapilar ile aralarinda
ziyaretci  sirkiilasyonu  bulunmasi  sebebiyle
cevresindeki tarihi yapilara da katki saglamstir.

e Yeniden islevlendirme sonucu restoran olarak
kullanilan yapi, tarihi bolgeye ziyaret amagh gelen
turist ve yerel halkin yeme-igme, dinlenme gibi
gereksinimlerini karsilamaktadir.

e Yeniden islevlendirme sonucu restoran olarak
kullanilan tarihi yapi, bolgede yasayan yerel halk i¢in
istihdam kaynag1 olugturmaktadir.

4.2.2 Yapiya Yiiklenen Yeni islevin Dezavantajlari

e Tarihi yapinin yalnizca soyunmalik kisminin restoran
olarak kullanilmasi ve geri kalan (1liklik, sicaklik ve
halvet gibi) kisimlarimin kullanilmamasi yeniden
islevlendirme ilkelerini tam olarak
karsilamamaktadir.

e Yapmn bah¢e kismina yapilan prefabrik yapida
kullanilan malzemeler ve tercih edilen donatilar,
tarihi Cimsit Bey Hamami’nin tarihi dokusuyla
ortiismemektedir.
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Tablo 1. Cimsit Bey Hamami’nin tasarim, yap1 malzeme ve sistemleri tablosu [17]

Yap1 Adi: Cimsit Bey Hamami
il/ilge/Mahalle: Elazig/Merkez/Harput
Ozgiin Islev: Hamam
Ozgiin Hali Yeniden islevlendirilmis Hali
1965 yilina ait restorasyon bilgileri yoktur. 2000 yilina ait revize | Islevlendirme bilgileri Vakiflar Genel Miidiirliigiinde vardir.
restorasyon bilgileri mevcuttur. Soyunmalik, 1liklik, sicaklik, | Plan, kesit ve goriinlis ¢izimleri vardir. Yapiya yapilan
Mekan halvet ve kiilhan boliimlerinden olusmaktadir. Bahge alani | miidahaleler ile ilgili raporlar mevcuttur. Yapmm plan
] Ozellikleri | mevcuttur. ozelliklerine herhangi bir miidahale yapilmamustir.
o
2 Dikdértgen planli yapidir. Tek katlidir. Tlave yap1 yoktur. Dikdértgen planl yapidir. Tek kathdir. i .
=~ flave yap1 bahge kisminda vardir. flave e TF‘TE'P
Bigimsel yapt tarihi yapidan bagimsizdir. il B
Ozellik e
Vakiflar Genel Miidiirliigii raporlarina Revize restorasyonu ile dis RIFCEPN © e SRSy
e Yapt gore dis cephenin bazi kisimlarinda nem duvarlarda bulunan nem ve M
= Sistemleri | ve rutubetten dolayr siva dokiilmeleri rutubetten dolay! olusmus hasarlar Carye b3
=2 vardir. onartlmustir.
EE ~ Py ‘
E o Vakiflar Genel Miidiirliigi raporlarinda yap1 ile ilgili | Ig Mekanda duvarlar ve tavan siva iistii boya yapilmustir.
“g Yap1 malzemeler fotograflandirilmis ve yaziya dokiilmiistiir. Sicaklik kisminin zemin ve duvarlari mermer kaplama ile
%E Malzemeleri kaplanmugtir. Dis cephede ise duvarlarda olusan hasarlar
- onarilmistir.  Hasar  géren pencereler ve camlar
degistirilmistir.
Yapinin ¢evresi trafige acik durumdadir Islevlendirme sonras1 yapinin gevresi }
@ Yapinin ve zeminde asfalt malzeme trafige kapatilmig ve zemine parke tas
Z Yakmn kullanilmustir. dosenmistir.
o Cevresi 3
o X Islevlendirme 6ncesi yapida ve bahge kisminda ek yap1 yoktur. | Islevlendirme sonrasi bahge kismina
E w flave Birim ek yap1 yapilmistir.
c
; g (Acik Alan)
Tablo 2. Cimsit Bey Hamamu ¢ok yonlii degerlendirme tablosu
Olumlu Yénler Olumsuz Yénler
< = *Harput’un tarihi konumundan dolayi turistik bir konumdadir. *Yeniden islevlendirmenin gevresel agidan herhangi bir olumsuz yonii
§ a * Etrafindaki dogal gevre, organik yapisini muhafaza ettiginden | tespit edilmemistir.
> & otiirti gevrede yarattigi etki bozulmamustir.
N * Cevresindeki tarihi yapilara katki saglamugtir.
— = *Yeniden islevlendirilen tarihi yapilar her agidan yore halkina | *Yeniden islevlendirmenin sosyal agidan herhangi bir olumsuz yonii
S5 maddi ve manevi katki saglamaktadir. tespit edilmemistir.
§ g« *Yeniden islevlendirilen yapilar insanlarin sosyallesmesine
katki saglayarak bolgenin canlanmasina katkida bulunurlar.
*Yapmm plan semasma herhangi bir miidahalede | *Yapmim dig cephesine ahsap destekler ve soba borularmin monte
= g bulunulmamustir. edilmesi, tarihi yapiin dokusuna zarar vermektedir.
E '5 *Yapiya zarar vermeden hasar goren kisimlar onarillmigtir.
=< * Bahge kismina yapilan ek yapi, tarihi yapidan bagimsiz insa
edilmistir.
*Vakiflar Genel Mudiirliigii'ne kira ddeyen isletmenin devlete | *Yeniden islevlendirmenin ekonomik agidan herhangi bir olumsuz yonii
= 2 katkis1 bulunmaktadir. tespit edilmemistir.
g K| *Yore halki i¢in istihdam olusturmaktadir.
S 5 *Tarihi yap1 etrafinda bulunan ticari isletmeler bolgeye ziyaret
i < amagli gelen ziyaretciler tarafindan maddi kazang elde
etmektedirler.
— *Tarihi Cimsit Bey Hamami’nin restore edilerek yeniden | *Yapinin sadece soyunmalik kismi islevlendirilmis ve diger kisimlart atil
:g _cg islevlendirilmesi, tarihimizin ve kiiltirimiiziin gelecek nesillere | birakilmustir.
g g, aktarilmasi bakimidan 6nem arz etmektedir. *Kismi iglev verilmesi, islevlendirme ilkelerini karsilamamaktadir.
i
L _ - *]¢ mekanda restorasyon galismasi sonucu hasar goren kisimlarin | *Yeniden islevlendirilerek restoran olarak kullanilan soyunmalik bélimii
= § = | onarilmasi ve boya yapilmasi gorsel agidan olumludur. estetik ve gorsel agidan yetersizdir. Mekanda kullanilan malzemeler
2 ’(3 3 *D1s mekanda tarihi yapinin aslina uygun restorasyon ¢alismasi | yapinin tarihini yansitmamaktadir.
i yapilmasi estetik ve gorsel agidan olumludur. *Bahge kismina yapilan prefabrik yapi estetik ve gorsel agidan yetersizdir.
5 Sonug Yeniden islevlendirme sonucu restoran olarak
kullanilan  Cimsit Bey Hamami’nin, restorasyon
Hamamlar tarih boyunca insanlarin temizlik tekniklerine uygun bir sekilde tasarlanip tasarlanmadigi

gereksinimleri nedeniyle bircok kiiltiirde ©nemli yer

tutmustur.

Bu yapilar yalnizca temizlik ihtiyacini

karsilamak amacl degil ayn1 zamanda sosyal amagli
kullanimlar icin de insa edilmistir. Ozellikle Osmanl
Dénemi’nde hamamlar sohbet ve eglence mekanlar
olarak kullanilmislardir.

sorgulanarak, yapinin i¢ mekan islevselligi ve fiziksel
problemlerin tespiti amaglanmustir.

Gecmiste maddi amag ile inga edilen birgok hamam
yapist ilginin azalmasi sonucu kaderine terk edilmistir. Bir
kismi zarar goriip tamamen yok olmus, bir kismu ise
restorasyon ve yeniden islevlendirme ile gliniimiize kadar

Inter!
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ulagsmistir. Bu baglamda yeniden islevlendirme
metodunun tarihi yapiya zarar vermeden dogru bir
bicimde uygulandiginda, tarihi yapilart korudugu ve
gelecek nesillere aktarilmasi konusunda katkisi olacagi
diisiiniilmektedir.

Bu calismada restore edilip yeniden islevlendirilen
Cimgit Bey Hamami’nin islevlendirme sonrasi zarar
goriip gormedigi, gelecek nesillere aktarilmasi agisindan
avantaj-dezavantajlari, ayrica bolgeye sosyal, kiiltiirel ve
ekonomik ac¢idan sagladigi katkilar degerlendirilmistir.

Cimsit Bey Hamami’na bakildiginda bolgede bulunan
diger hamamlara gore insan tahribatinin oniine gecildigi
disiiniilmektedir. ~ Tarihi  biitiinliiglinic.  koruyarak
giinlimiize kadar ulastigi gorilmiistiir. Kismi yapilan
yeniden islevlendirme sonrasi hamam kisminin sadece
soyunmalik kismi restoran tarafindan kullanilmakta olup;
iliklik, sicaklik  ve halvet gibi diger kisimlar
kullanilmamaktadir. Ancak kullanilmayan kisimlar,
restorasyon calismasi  yapilarak, misafirlerin ve
miisterilerin ziyaretine agik bulunmaktadir. Yapinin
kullanilmayan kisimlarimin Harput’un ve tarihi Cimsgit
Bey Hamami’nin tarihini yansitan eserlerin ve kalintilarin
sergilendigi bir miizeye ¢evrilmesinin daha yerinde
olacagi ve bolgeye ziyaret amagli gelen turistlerin daha
fazla ilgisini ¢ekecegi diisiiniilmektedir.

Tarihi Cimsit Bey Hamami yeniden islevlendirme
yontemiyle restoran isletmesi olarak, giiniimiizde bdlge
halkina ve bdlgedeki turistlere hizmet etmektedir. Isletme
yaz aylarinda yogun bir sekilde yapiin bahge kismin
kullanmaktadir. Kig aylarinda ise kismi olarak tarihi
yapiyt ve bahgenin bir kisminda ek yapilmis olan
prefabrik yapi kullanilmaktadir. Sonradan yapilan bu
prefabrik  yapinin  Cimgit Bey Hamami’nin tarihi
dokusunu yansitmadigt ve bununla beraber bahge
kisminda genis alanlarin kaybolmasina sebebiyet verdigi
goriilmiistiir. Ilave olan bu yap1 daha kiigiik hacimde insa
edilmistir fakat dis cephe, zemin, tavan vb. kisimlarda
tarihi yapiya uyumlu olacak sekilde malzeme secimi
yapilmig olsaydi su anki durumuna kiyasla daha yerinde
uygulanmig kararlar olabilirdi. Ayrica restoran tarafindan
kullanilan reklam tabelalar1 da tarihi yapiya uygun
degildir.

Daha dogal ve gorsel agidan tarihin izlerini yansitan
tabelalar kullanmak yerinde olurdu. Tarihi yapinin dis
cephesi ve bahg¢e kisminin aydinlatmasi yetersiz olup,
tarihin izlerini 6n plana ¢ikaracak yapay aydinlatma
yapilmasi gereklidir.

Harput’ta yasayan yerli halkin bir¢ogunun ge¢im
kaynagi bolgeye gelen ziyaretciler ve turistlerdir.
Toplumsal ve ¢evresel agidan degerlendirilecek olunursa,
bolgeyi pek ¢ok turistin ve 6zellikle yerel halkin yogun
ziyaret ettigi Harput’ta yeme ve igme gereksiniminin
ortaya ¢ikmasi kaginilmazdir. Bu yiizden hizmet sektori
cok geligmistir ve birgok yapi yeniden islevlendirilerek
ozellikle restoran olarak, bunun disinda kafe ve otel gibi
ticari amaglarla kullanilmaktadir.

Sonug olarak, ge¢mis donemlerden gliniimiize ulasan
tarihi yapilarin bir takim sebepler ile islevini yitirmesi ve
ihtiyaclar dogrultusunda yeniden iglevlendirilerek, farkli
amaglarla da olsa kullanilabilir hale getirilmesi, yapmnin
gelecek nesillere aktarilmasi acisindan Onem arz
etmektedir. Bu baglamda tarihi Cimsit Bey Hamami'nin
yeniden islevlendirilmesi degerlendirildiginde; tam

anlamiyla yeniden islevlendirme ilkelerine uygun olarak
islevlendirildigi soylenemese de bdlgenin kalkinmasina
saglamis oldugu katkilar g6z ard1 edilemez.

Aciklamalar

Bu caligma Dr. Ogr. Uyesi Neslihan YILDIZ
danismanliginda, birinci yazarm “Harput Cimgsit Bey
Hamami’nin ~ Yeniden  Islevlendirme  Olgiitleri
Baglaminda  Degerlendirilmesi”,  (Tangiili, K.)
Yayimlanmanus Yiiksek Lisans Tezi, Istanbul, Maltepe
Universitesi, Lisansiistii Egitim Enstitiisii, 2021 kiinyeli
tezinden {iretilmistir.

Bu ¢aligmada etik kurul onay belgesine gerek yoktur.
Kaynaklar

[1] Yegiil, F. (2011). Roma Diinyasinda Yikanma, Kog¢
Universitesi Yayinlart, Istanbul, s. 265.

[2] Bozok, D. (2006). Tirk Hamam ve Geleneklerinin
Turizmde Uygulanisi. Balikesir  Universitesi  Sosyal
Bilimler Enstitiisii Dergisi, 8(13), 62-86.

[3] Zeren, M. (2010). Tarihi Cevrede Yeni Ek ve Yeni Yapi
Olgusu, Yalin Yaymncilik.

[4] Ahunbay, Z. (2004). Tarihi Cevre Koruma Ve Restorasyon.
Istanbul: Yap: Endiistri Merkezi Yaymlari.

[5] Venedik Tiizigi. (1964). Madde 3.

[6] Yilmaz, B. (2006). Avrupa Birligi'ne Uye Bazi Ulkelerdeki
Kiiltiir Varliklarmi Koruma Yaklasim, Orgﬁtlenme Ve
Tiirkiye. (Master’s dissertation, Izmir Dokuz Eyliil
University).

[7] Ahunbay, Z. (2011). “Tarihi Cevre Koruma ve
Restorasyon”, Yap: Endiistri Merkezi Yayinlar, Istanbul.

[8] Altmoluk, U. (1998). Binalarin Yeniden Kullanim.
Istanbul: Yap: Endiistri Merkezi Yayinlar:.

[9] Tapan, M. (2007). Soru ve Cevaplarla Koruma, TMMOB
Mimarlar Odas: Istanbul  Biiyiikkent Subesi Yayni,
Istanbul.

[10] Ozgiiven, S. (1994). Tarih-Kiiltiir Varliklari, Eski Yapilarin
Korunmasi, Yeniden Kullanimi ve Turizm A¢isindan Onemi,
Ozgiin Bir Ornek Sogukcesme Sokagi ve Evleri. (Master’s
dissertation, Istanbul Technical University).

[11] Velioglu, A. (1992). Tarihi Cevre I¢inde Mimari Tasarim
Ve Siireci Uzerine Bir Arastrma. (Doctoral dissertation,
Karadeniz Technical University).

[12] Aksoy, E. (1987). Mimarlikta Tasarlama, Hatiboglu
Yayinevi, Ankara.

[13] Arslan, C. (2003). Elazig’'daki Tiirk Devri Yapilar.
(Doctoral dissertation, Selguk University).

[14] Tapu ve Kadastro Genel Midiirligii. (2021). Retrieved
January 5, 2021 from https://parselsorgu.tkgm.gov.tr/

[15] Vakiflar Genel Mudiirligii. (2020). Retrieved January 4,
2021, from https://www.vgm.gov.tr/

[16] Tangiili, K. (2021). Harput Cimgsit Bey Hamami'nin
Yeniden Isleviendirme Olciitleri Baglaminda
Degerlendirilmesi.  (Master’s  dissertation, Maltepe
University).

[17] Giney, E. A. (2020). Bakirkéy Baruthanesi ve
Ispirtohanesi'nin ~ Yeniden  Isleviendirme — Acisindan
Karsilagtirmali Analizi (Master’s dissertation, Bahgesehir
University).

[18] Mazlum, F. (2018). Tiirk Hamaminda Yeniden Isleviendirme
(Master’s dissertation, Selguk University).

International Journal of Innovative Engineering Applications 5, 2(2021), 195-204

204



International Journal of Innovative Engineering Applications vol. 5, issue 2 (2021)

International Journal of Innovative Engineering Applications

1JIEA

B

Journal homepage: https://dergipark.org.tr/ijiea

o=
LY
E‘

PREDICTION OF BLAST-INDUCED GROUND VIBRATION WITH ANN AND PREDICTION
PERFORMANCE
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Abstract

Original scientific paper
In this study, ground vibrations caused by blasting applications in a quarry were recorded and these values were evaluated and estimated
by using an artificial neural network (ANN) model. Of the 28 vibration data measured, 20 were used for ANN training, 4 for validation
and the remaining 4 for testing. In the model, peak particle velocity (PPV) was used as the output parameter, and the maximum explosive
amount per delay and scaled distance were used as input parameters. In addition, MAPE, RMSE and R? performance criteria were
calculated from the realized, predicted by ANN and PPV values obtained from the field equation. The maximum amount of explosives
used per delay and the sensitivity analysis of the scaled distance on the highest particle velocity were also determined. As a result, when
the vibration data calculated from the field equation and estimated from the ANN model were compared with the realized vibration data,
it was seen that the values obtained by the ANN model had a higher correlation.

Keywords: Artificial neural network, vibration, blasting, quarry, sensitivity analysis, MAPE, RMSE, R?.

PATLAMA KAYNAKLI YER TiTRESIMINIiN YSA iLE TAHMiNi VE TAHMIN PERFORMANSI

Ozet
Orijinal bilimsel makale

Bu ¢alismada bir tag ocaginda gergeklestirilen patlatma uygulamalarindan kaynaklanan yer titresimleri kaydedilmis ve bu degerler yapay
sinir ag1 (YSA) modeli kullanilarak degerlendirilmis ve tahmin edilmistir. Olgiimii alinan 28 titresim verisinin 20 tanesi YSA’nin egitimi,
4’1 dogrulama ve geriye kalan 4’1 de test i¢in kullanilmistir. Modelde ¢ikti parametresi olarak PPV, girdi parametresi olarak ise gecikme
bagima en fazla patlayict miktar1 ve dlgekli mesafe kullamlmistir. Ayrica MAPE, RMSE ve R? performans kriterleri, gergeklesen, YSA ile
tahmin edilen ve saha denkleminden elde edilen PPV degerlerinden hesaplanmistir. Gecikme bagina kullanilan en fazla patlayict madde
miktar1 ve Olcekli mesafenin, en yiiksek pargacik hizi iizerindeki duyarlilik analizi de belirlenmistir. Sonugta, saha denkleminden
hesaplanan ve YSA modelinden tahmin edilen titresim verileri, gergeklesen titresim verileri ile karsilastirildiginda, YSA modeli ile elde
edilen degerlerin daha yiiksek korelasyona sahip oldugu goriilmiistiir.

Anahtar Kelimeler: Yapay sinir ag, titresim, patlatma, tas ocagi, duyarlilik analizi, MAPE, RMSE, R?.

occur during blasting are dependent on controllable
parameters such as hole diameter, hole length, charge per
delay, total charge, stemming, slice thickness, distance
between holes, and uncontrollable parameters such as

1 Introduction

The further development of both explosives and
ignition systems has led to significant advances in the

mining and construction sectors. Blasting operations are
one of the most important and economical procedures at
the beginning of the methods applied especially in mines
and quarries. However, blasting applications have some
negative effects such as vibration and air shock. Feeling
the earthquake-like effects from long distances causes
psychological disturbances on humans and animals and
some environmental problems. For this reason, measuring
the vibration level continuously and being able to predict
it using these data is very important in evaluating the
design of blasting operations. Ground vibrations that

* Corresponding author.

E-mail address: sercins@cumhuriyet.edu.tr (S. Ercins)

rock properties, environmental and geological conditions.
Ground vibration is measured in mm/ sec or inch / sec and
is defined by peak particle velocity (PPV), which is the
highest velocity at which a particle moves through the
ground relative to its initial stationary state.

Since the number of parameters affecting ground
vibration is high, estimating the PPV value with artificial
neural network (ANN) is now frequently applied instead
of experimental methods in pre-determination. ANN is
considered as one of the smart tools in complex structured
calculations. ANN learns and is trained from examples
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previously taught, described. The appropriately trained
network can be used to predict or decide on known
instances of a problem and subsequent events about it.
However, the network has no ability to explain how it
makes these decisions.

Some of the studies carried out using neural networks
are given below.

Ozyurt has developed a model that determines the
most suitable production method for a mineral deposit [1].

Khandelwal and Singh estimated the excessive air
pressure based on distance and sound pressure level using
the artificial neural network. They compared their
findings with the USBM and MVRA equations. As a
result, they found better results with ANN compared to
USBM and MVRA predictive values [2].

Liu modeled the change in methane concentration [3].

Ozer et al. modeled the blasting and environmental
outcomes [4].

Tawadrous used ANN for blasting design and
achieved very good results [5].

Khandelwal and Singh estimated the PPV by taking
into account the measurement distance and the amount of
explosive per delay with ANN. They compared their
findings with commonly used vibration estimation
equations. They found that ANN estimation obtained
much more effective results compared to vibration
prediction equations [6].

Khandelwal and Singh conducted studies on blast
vibration and frequency by using blast design and
parameters in ANN. He compared his results with
multivariate regression analysis [7].

Mohamed developed and successfully implemented
an ANN model for the prediction and control of blast
vibration in the limestone quarry [8].

In this study, the highest particle velocities resulting
from blasting applications in a quarry were recorded and
an ANN model was created with these values. The
estimated values obtained from ANN and the realized
velocity values were compared. In addition, in
determining the performance of the network, the results
obtained from mean absolute percentage error (MAPE),
root mean square error (RMSE) and R? performance
criteria were interpreted.

2 Artificial Neural Networks

With the development of technology and computer
infrastructure, the usability of numerical methods in
solving complex problems has increased.

Thanks to the partnership of numerical methods with
computers and increased computing power, a solution is
reached without the need for assumptions and time-
consuming techniques [9].

Artificial neural network is a branch of artificial
intelligence that can make decisions based on sample data,
including expert systems and genetic algorithms.
Information society has taken the place of the industrial
society, especially with the artificial intelligence studies
that gained momentum thanks to ANN [10]. ANN is an
information processing system that imitates the structure
and functions of our brain. ANN is a structure consisting
of many neurons that can make many joints connected to
each other in data processing. In the training of the neural

network, a large number of input data is introduced to the
network and the most appropriate output is processed
according to the structure of the problem. It can recognize
similarities when a new input data is presented to the
neural network that predicts the most appropriate training
and output model. [11].

2.1 Artificial Neural Network Model

ANN needs to be trained before making predictions
about examples. A number of algorithms are available to
perform this training. The most versatile and reliable one
of these algorithms is the back propagation algorithm,
which is also used in the solution of prediction problems.
This algorithm provides a highly efficient learning
procedure for neurons and thus error minimization is
achieved [12].

Optimizing the weights with the back propagation of
error information obtained from each new sequential
process to the next sequential process is the main reason
for the success of the algorithms. The most important
backpropagation algorithms are Levenberg Marquadt
(LM), Scaled Conjugate Reduction (SCG) and Bayes
(BR) algorithms [13], [14].

In this study, Levenberg Marquadt backpropagation
algorithm was run with Matlab program licensed at our
university. The LM algorithm in the form of the sum of
error squares has been developed specifically to work with
loss functions. Here, the loss functions indicate the
difference between the estimated values made by the
model and the realized values. It is desirable that this
difference is close to zero.

The back propagation algorithm in ANN consists of
at least three layers as input layer, hidden layer and output
layer. Each layer is made up of a series of basic processing
units called neurons. Neurons in the input layer send their
output as input to the neurons in the hidden layer. Neurons
in the input layer send their output as input to neurons in
the hidden layer. The connection between the hidden layer
and the output layer is similar to this. Depending on the
type of problem, the number of neurons in the hidden layer
changes. The number of input and output neurons is the
same as the number of input and output variables [11].

3 Material and Method
3.1 Highest Particle Velocity Prediction

The highest PPV, which is an important indicator in
determining the damage caused by blasting applications;
depends on scale distance, maximum amount of
explosives used per delay, rock and environmental
characteristics. There are many experimental approaches
to estimating the highest particle velocity. Equation-1,
which is the most accepted, used and developed to
estimate the highest particle velocity depending on the
scaled distance in the literature, is as follows [15].

PPV =k * (SD)# 1)
PPV: Peak particle velocity (mm / sec)

k: Ground transmission constant
SD: Scaled distance (m)
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B: The damping coefficient of the rock (Geological
constant)

The scaled distance is a value that takes into account
the distance between the blasting zone and the
measurement point and the highest amount of explosive
used per delay and is calculated with Equation-2 [16].

SD = R/W°$ )

SD: Scaled distance
R: Distance between blasting zone and measurement point
(m)

W: Maximum amount of explosives used per delay (kg)

The distance between the blasting area and the point
where the vibration measuring device is installed was
measured and the scaled distance was determined using
Equation 2. The average measurement distance of all
explosions was determined as 267 meters.

3.2 Geology of the Study Area and Blasting Data

Crushed stone (limestone) is produced in the
enterprise located near Kayapinar Village in Ulag District
of Sivas Province.

It is represented by gray, blackish colored, medium-
thick bedded limestone in the Tecer Mountain region. Its
thickness is variable and it looks like a level without
lateral continuity. This limestone, which unconformably
deposited on the ophiolite mixture, gained its present
position as a result of the second transfer of ophiolites in
the Eocene. The age range of Upper Maastrichtian -
Thanetian has been given to the unit. [17].

Information on 28 blasting applications measured and
PPV values determined by vibration measuring device are
given in Table 1.

Table 1. Information on blasting applications

W SD PPV
52 37,17 5,691
45 40,40 4,303
52 37,03 5,107
48 38,39 4,991
50 38,33 4,994
42 42,74 3,191
45 35,93 4,587
40 43,17 3,712
45 37,86 3,218
60 27,24 4,012
50 40,31 3,413
48 41,14 3,421
60 29,31 8,000
53 34,75 3,697
40 40,79 3,925
43 51,55 3,182
48 44,46 3,318
48 61,02 2,365
51 46,02 2,925
50 28,33 6,118
40 47,65 2,718
35 55,62 2,108
38 45,08 3,081
48 36,03 4,459
52 28,22 5,877
48 31,12 4,887
45 28,74 5,504
45 29,35 6,411

Regression analysis was performed for the study area
by using the data in Table 1. The recommended field
constant value to be used in particle velocity estimation
for blasting applications to be carried out in the field was
determined as R? = 0.71. This value can be used to
estimate the PPV value according to the scaled distance
when the vibration measuring device is not used in
blasting applications in the field.

3.3 Network Structure Developed for PPV Prediction

In this study, the vibration of a total of 28 explosion
applications was recorded. 20 data were used for training
of ANN model and obtaining field constants, 4 data for
validation of ANN model and 4 data for testing. In the
study aiming to estimate the highest particle velocity with
the help of different explosion design parameters and
related parameters such as measurement distance, PPV
was used as the output parameter, and the maximum
explosive amount per delay and scaled distance as the
input parameter. In the training model initiated with the
Levenberg Marquadt learning algorithm, network
structure with 5, 10, 15 and 20 neurons were tested. The
results obtained for each number of neurons tested, it is
presented as in Figures 2, 3, 4 and 5. In each of these trials,
high correlation was observed with minimum error. The
network structure with the highest correlation between the
realized and predicted values and the lowest deviation rate
was reached with an architecture of 10 neurons (Figure 1).

'”oj %o

Figure 1. Artificial Neural Network model developed for PPV
prediction

l Output

PPV outputs obtained from the network trained with
the recorded PPV values are given in Table 2. The high
correlation values between the estimated and realized
results obtained with the model showed that when the
vibration meter device cannot be used in field blasting
applications, the ANN model can be used to estimate the
value of the vibration velocity generated by the explosive
used per delay at a certain distance.

The results in Figures 2, 3 and 4 belong to the network
architectures of the training model with 5, 15 and 20
neurons.

As can be seen, in the training model using 10 neurons,
values with higher correlation and less deviation between
realized and predicted values were obtained compared to
models using 5, 15 and 20 neurons. The relationships
between realized and ANN predicted values are given in
Figure 5.
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Table 2. PPV outputs from the realized and trained network

Realized Estimated PPV in ANN
PPV model
5,691 4,982
4,303 4,365
5,107 4,929
4,991 4,675
4,994 4,955
3,191 3,238
4,587 4,083
3,712 3,367
3,218 3,670
4,012 4,013
3,413 3,529
3,421 3,336
8,000 7,994
3,697 3,777
3,925 3,763
3,182 3,219
3,318 3,234
2,365 2,357
2,925 2,933
6,118 6,042
2,718 3,561
2,108 2,109
3,081 3,084
4,459 3,863
5,877 6,106
4,887 5,174
5,504 5,495
6,411 5,379
Training: R=0.93092 Validation: R=0.94053
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Figure 2. Relationships between actual and predicted values using 5
neurons
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Figure 5. Relationships between realized and predicted values using 10
neurons
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In the graph of Training (R = 0.99115) in Figure 5, it
is expressed by the dashed line Y =T, that the output value
and its estimate should be equal. Here, the horizontal axis
shows the realized PPV values and the vertical axis shows
the estimated PPV values. In addition, the values obtained
from the artificial neural network are shown with the blue
line. As a result, it is desired that both values are as equal
as possible to each other and that all points are collected
on the dashed line. However, Validation and Test graphs
can be interpreted in the same way. When looking at the
graphs given in Figure 5, it is seen that the deviations
between the realized and estimated values are the least and
the modeling is successful.

The PPV values realized in the blasting applications in
the field, the PPV values estimated by the ANN model and
the PPV values obtained by the field equation are as in
Table 3.

Table 3. Realized PPV and predicted values

Realized Estimated PPV in PPV calculated
PPV ANN model with the field
equation
5,691 4,982 4,221
4,303 4,365 3,797
5,107 4,929 4,241
4,991 4,675 4,051
4,994 4,955 4,059
3,191 3,238 3,535
4,587 4,083 4,407
3,712 3,367 3,490
3,218 3,670 4,124
4,012 4,013 6,266
3,413 3,529 3,808
3,421 3,336 3,710
8,000 7,994 5,709
3,697 3,777 4,598
3,925 3,763 3,751
3,182 3,219 2,785
3,318 3,234 3,362
2,365 2,357 2,248
2,925 2,933 3,218
6,118 6,042 5,961
2,718 3,561 3,078
2,108 2,109 2,529
3,081 3,084 3,303
4,459 3,863 4,392
5,877 6,106 5,991
4,887 5,174 5,290
5,504 5,495 5,853
6,411 5,379 5,699

When Table 3 is examined, it is seen that the ANN
model gives more successful results in the estimation of
vibration propagation in PPV estimation determined
according to the scaled distance and the maximum amount
of explosives used per delay.

Approaches developed to predict PPV have been
widely used since the 1960s. However, instead of these
traditional approaches in PPV estimation, more effective

results can now be obtained with ANN developed with
today's modern information and technologies.

Uyar G., and Aksoy C. [18] stated that the traditional
hypotheses proposed in the criteria of USBM RI 8507 [15]
in PPV estimation should be abandoned in favor of
modern blast vibration analyzes based on modern
scientific approach and technology, taking into account
today's changing conditions.

PPV values obtained from ANN model and field
equation were compared against PPV values measured
during blasting applications. In the comparison, the main
performance criterion R?, mean absolute percentage error
(MAPE) and root mean square error (RMSE) error criteria
values were calculated and presented in Table-4.

MAPE is a very important evaluation criterion in
evaluating the performance of the network created.
According to the literature, if the MAPE value is below
10%, it means that the measured performance value is
high [19].

RMSE is another criterion used in determining the
error rate between realized and predicted values. The fact
that its value is close to zero means that the created model
is so close to perfection.

The R? criterion is widely used to show the
relationship between realized values and estimated values.
If its value is close to 1, it means that the accordance is
close to perfect.

Table 4. Performance evaluations of vibration measurement results

Error Realized PPV- Realized PPV- PPV

Criteria Estimated PPV in calculated with the
ANN model field equation

MAPE 0,053 0,134

RMSE 0,356 0,819

R? 0,930 0,630

When Table 4 is examined, it is seen that the
developed ANN model gives better results than the field
equation.

4  Sensitivity Analysis

Sensitivity analysis is a method that examines the
effects of the change in the input parameters on the
optimal solution parameter in the linear programming
model. In this study, the maximum amount of explosive
per delay and scaled distance were used as input
parameters, while the highest particle velocity value was
used as output parameter.

Sensitivity analysis equation is given in Equation-3
[20].

m X *X;
Rji: Zk—l( ik _]k) (3)
P X I X

Xi-1: Maximum amount of explosives used per delay
Xi-2: Scaled distance
Xj: Highest particle velocity

The effect of each input parameter on the highest
particle velocity is shown in Figure 6.
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Figure 6. Sensitivity analysis showing the effect of input parameters on
peak particle velocity

5 Conclusions

In this study, an artificial neural network model has
been developed by using the ground vibration data
measured from the blasting applications performed in the
quarry. Evaluation and estimation of PPV data obtained
from this model, measurement of performance of
prediction models and sensitivity analysis were
performed. In addition, the PPV values calculated from
the field equation were compared with the realized and
estimated PPV values.

Of the 28 recorded blasting applications, 20 were used
in the training of the ANN model, 4 were used in the
verification of the model and 4 were used in the testing of
the model. The correlation between the realized vibration
values and the training data obtained from the trained
model was determined as 0.99115, the verification
correlation as 0.95815 and the test correlation as 0.93193.
The total correlation value including the training,
verification and test data between the vibration values
realized and the vibration data estimated from the ANN
was determined as 0.96659. These results show that there
is a very high correlation between realized and estimated
PPV values with ANN.

The results of the performance criteria between the
PPV values measured in the field and the PPV values
estimated from the model and calculated from the field
equation are given in Table 4. According to these results,
the performance value (MAPE) of the ANN, which is
desired to be below 10%, was determined as 5.3% and the
performance value (MAPE) of the field equation was
determined as 13.4%. The error rate (RMSE) of ANN data
was determined as 0.356, and the error rate (RMSE) of the
data obtained from the field equation was determined as
0.819. The correlation level (R?) between realized and
predicted PPV values with ANN was 93%, and the
correlation level (R?) between realized PPV values
obtained from the field equation was 63%. All these data
obtained showed that the ANN model produced more
effective results than the field equation.

The effects of W and SD on PPV were examined by
sensitivity analysis. In the results, it was determined that
the maximum amount of explosive used per delay was
96.6% and the scaled distance was 88.3% effective on
PPV.

In the light of the obtained results, it was seen that the
model created with artificial neural network represented
the field better. In blasting applications where vibration
measurement cannot be taken, it has been revealed that the
ANN model is a very powerful alternative in predicting
the value of the vibration velocity at a certain distance

with the explosive material used per delay. In addition, by
adding the next blast data to the network, it will be
provided to create a model that learns better and can
predict vibration even better.
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THE IMPACT EFFECT ON STEEL FIBER REINFORCED CONCRETE BEAMS WITH
DIFFERENT STEEL FIBER RATIO
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Abstract

Original scientific paper
In this study, the effect of steel fiber ratio on the flexural impact behavior of concrete beams was investigated. An instrumented drop weight
system was used to determine the relationship between steel fiber ratio and impact behavior in flexure. In addition to the control mixture,
steel fiber added concrete mixtures were produced in the ratios of 0.25% (19.5 kg / m?), 0.50% (39 kg / m®) and 0.75% (58.5 kg / m®) of
the concrete volume for the study. Beams with the dimension of 100x100x500 mm were produced for the experiments. Pressure, flexural,
and instrumented drop weight tests were performed on the beams. In addition, the width of the cracks formed in the middle of the beam
because of the drop weight tests was measured. In the low-velocity impact tests performed using an instrumented drop weight system, it
was observed that the steel fiber-reinforced concretes were more resistant to sudden fracture compared to the control sample. In addition,
because of the low-velocity impact test, it was determined that as the amount of steel fiber increases, the crack widths decrease. As a result
of the study, it has been observed that steel fiber has positive effects on the static and dynamic properties of concrete.

Keywords: Impact behaviour, instrumented drop weight test, steel fiber reinforced concrete.

FARKLI LiF ORANINA SAHIP GELIK LiF TAKVIYELi BETON KiRISLERDE CARPMA ETKISi

Ozet
Orijinal bilimsel makale

Bu ¢alismada celik lif takviyeli beton kiriglerde lif oraninin egilmede ¢arpma davranigina etkisi arastirilmustir. Celik lif orani ile egilmede
carpma davranigi arasindaki iligkinin belirlenmesi amaciyla aletli agirlik diisiirme sistemi kullanilmigtir. Calisma igin kontrol karigiminin
yani sira beton hacminin % 0.25 (19.5 kg/m?), % 0.50 (39 kg/m?®) ve % 0.75 (58.5 kg/m?) oranlarinda celik lif takviyeli beton karisimlari
iiretilmistir. Deneyler i¢in 100x100x500 mm boyutlarinda kirigler iretilmistir. Kirisler iizerinde basing, egilme ve aletli agirlik diisiirme
deneyleri yapilmustir. Ayrica agirlik diistirme deneyleri sonucunda kiris ortasinda meydana gelen gatlak genisligi dl¢timii yapilmistir. Aletli
diisen agirlik sistemi kullanilarak yapilan diisiik hizli darbe deneylerde ise ¢elik lif takviyeli betonlarin kontrol numunesine kiyasla ani
kirtlmaya kars1 daha direngli oldugu goriilmiistiir. Ayrica gelik lif miktarinin artmasi ile diisiik hizli darbe deneyi sonucunda kirislerde
olusan catlak genisliklerinin azaldig tespit edilmistir. Yapilan galisma sonucunda gelik lifin betonun statik ve dinamik 6zelliklerine olumlu
etkilerinin oldugu gorilmiistiir.

Anahtar Kelimeler: Darbe davranus:, aletli agirlik diisiirme deneyi, celik lifli beton.

1 Girig
Beton, insaat miihendisligi agisindan ekonomiklik,

kolonlara garpmasi gibi pek ¢ok darbe etkisi 6rnek olarak
verilebilir. Statik etkiler ve dinamik etkiler birlikte

giivenlik ve estetik olma felsefelerini ayn1 anda kolayca
tastyabildigi i¢in yaygmca kullanilan bir  yap1
malzemesidir. Betonun uygulama alanlar diisiiniildiigiinde
beton yap1 omrii boyunca pek ¢ok farkli yiiklere maruz
kalmaktadir. Bu yiiklerden olan darbe etkileri pek ¢ok
yapinin bazi elemanlari i¢in kritik oneme sahiptir. Bu kritik
oneme sahip darbe etkilerine kiy1 liman yapilar1 tasiyici
elemanlarina gemi vb. deniz tasitlarinin diisiik hizlarda
carpmasi, sanayi yapilarinda gerek dosemeye agirlik
diismesi gerekse krenler ile taginan agirliklarin kolonlara
carpmasl, otoparklarda veya sanayi yapilarinda tasitlarin
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distiniildiigiine betonun ¢ekme mukavemetinin basing
dayanimina oranla ¢ok diisiik olmasi sebebiyle zaman
icerisinde  betonun zayif Ozellikleri gelistirilmeye
caligilmugtir.

Rastgele yonelimli siireksiz lifler i¢eren betona Lif
Takviyeli Beton (LTB) denir. Rastgele yonlendirilmis
lifler, ¢imento matrisinde c¢atlak yayilmasmna ve
genislemeye etkili bir sekilde direnebilir ve hem statik hem
de darbe yiikleri altinda betonun ¢atlama sonrasi
stinekligini iyilestirir [1]. Betonun zayif yonii olan ¢ekme
mukavemetini gelistirmek ayni zamanda betonun dinamik
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yiiklere kargt dayanimimi arttirmak ve malzemenin
parcalanmasini veya dagilmasini engellemek, olusabilecek
catlaklarin biiylimesini durdurmak amactyla beton karisimi
igerisine ilave edilen lifler ¢ok farkli kimyasal yapilara ya
da geometrik Ozelliklere sahip olabilmektedir. Beton
karisimi igerisine ilave edilen lifler celik, polipropilen,
polietilen, polyester, karbon, cam vb. liflerdir. LTB iizerine
yapilan caligmalar incelendiginde Celik Lif Takviyeli
Betonlarin (CLTB) giinlimiizde ¢ok popiiler oldugu
goriilecektir.

CLTB f{izerinde giiniimiize kadar pek cok c¢aligma
yapilmigtir. Song vd. [2] yaptigt ¢alismada betona beton
hacminin %0.5, %1.0, %1.5, %2.0 oraninda ¢elik lif ilave
etmistir. Yaptiklart basing ve egilme deneyleri sonucuna
gore beton hacminin %1.5a kadar eklenen gelik lifin beton
basing dayanimina katki sagladigini, %1.5°dan sonra ise
basing dayaniminda hafif diistisler oldugunu gérmiislerdir.
Egilme deneylerinde ise celik lif miktarina bagli olarak
egilmede ¢ekme dayaniminda artis  olustugunu
belirlemiglerdir. Tokluk indisinin ise ¢elik lif oraninin
artig1 ile arttigini tespit etmiglerdir. Korkut vd. [3] celik ve
sentetik lifli betonun mekanik 6zelliklerini arastirmiglardir.
Hazirladiklari sentetik lifli ve gelik lifli karisimlarla basing
mukavemetini, cekme mukavemetini ve yarma deneylerini
yapmuglardir. Elde ettikleri deney sonuglarina gore en
yiiksek dayanim artis1 60 mm makro lifli beton karigiminda
olmustur. Calismalarinda ¢elik lifin ¢ekme ve yarma
deneylerinde betona katki sagladigi sonucuna varmiglardir.
Nataraja vd. [4] yaptiklart calismada beton karisimi
igerisine betonun hacminin 0.5%, 0.75% ve 1.0% (39, 59,
78 kg/m®) oranlarinda celik lif ilave etmislerdir. Deney
numunelerin birim gerilme egrilerini ¢izmis ve basing
altindaki durumlarimi incelemislerdir. Tokluk oranlari ¢elik
lif miktarinin  artist  ile dogru orantili  olmustur.
Gelistirdikleri formiiller ile CLTB betonun tokluk orani
belirlenmesi ve birim gerilme egrisini ¢izmesini
kolaylastirmaya calismiglardir. Yoo vd. [5] yaptiklart
calismada CLTB ve tekstil elyaf takviyeli beton kiris
numuneler iizerinde hem statik hem dinamik caligmalar
yapmglardir. Farkli gimento dozajlar1 (490, 680 kg/m®) ve
farkli su ¢imento(0.40, 0.23) orani kullanmiglardir. Statik
olarak dort noktada egilmede ¢gekme mukavemeti testi ve
dinamik olarak aletli agirlik diisiirme testi yapmislardir.
Egilmede ¢cekme mukavemeti testinde tekstil elyafi ilavesi
¢ekme mukavemetinin artirdigt yiik tagima kapasitesinde
onemli artiglar tespit etmislerdir. Celik lif ilavesinde de yiik
tasima ve ¢ekme mukavemetini arttirdigini gérmiislerdir.
Aletli agirlik diistirme testinde darbe darbeye karsi
gosterilen tepki en yiiksek CLTB betonlarda oldugunu
gormiislerdir. Darbe kuvvetinin hem ¢elik lif ilavesinde
hem  tekstil elyaf ilavesinde artiy  yaptigim
gozlemlemislerdir. Abid vd. [6] yaptiklar ¢aligmada farkl
mikro ¢elik lif oranlarinda (0, 0.5, 0.75 ve 1.0%), farkli
agirhiktaki toplar serbest bir sekilde numuneler iizerine
tekrarli  olarak  diisiirerek deneyler yapmuslardir.
Karisimlarda farkli ¢imento dozajlar1 kullanmislardir. En
yiiksek basing dayanimimi 0.75% ¢elik lif oraninda
bulmuslardir. En yiliksek ¢cekme mukavemetini ise 1.0%
oraninda bulmuslardir. 0, 0.5, 0.75 ve 1.0% oranlarinda
CLTB numunelere 5 kg agirligindaki topun 450 mm
yliikseklikten diisiiriilmesi sonucunda olusan ilk ¢atlak
sirastyla 79, 350, 498 ve 672’nci diisiiriiste meydana
gelmistir. Lifli numunelerin darbe siinekliginin yalin

numunelere gore% 24'e kadar daha yiiksek oldugunu
gostermistir.

Kang vd. [7] calismalarinda c¢elik lif takviyeli
betonlarin basing ve egilme dayanimlarini tahmin etmek
iizere bir makine &grenimi algoritmasi gelistirmislerdir.
Temel degiskenler olarak su-¢imento orani, ince-kaba
agrega orant, kaba agrega boyutlari, siiper akiskanlastiric,
silis dumani, lif oran1 ve lif en-boy orani esas alinmugtir.
Su-cimento orani ile silis dumaninin basing dayanimi
tahminleri igin en Onemli degisken oldugunu
saptamiglardir. Egilme dayanimi tahminleri icin ise lif
orani ile yine silis dumani en etkili degiskenler olarak
belirlenmistir.  Gelistirdikleri  algoritmadan bagimsiz
olarak, ¢elik lif takviyeli betonlarn basing dayanimini
tahmin etme performansi egilme dayanimi tahminlerine
nazaran daha bagarili bulunmustur.

Rai vd. [8] ¢elik ve polipropilen lifler igeren Hibrit
takviyeli betonlarin darbe dayanimlar: ile ilgili olarak
deneysel ve istatistiksel bir ¢aligma yapmuslardir. Deneysel
bulgular c¢elik ve polipropilen liflerin Hibrit olarak
kullaniminin betonun gerek mekanik 6zelliklerini gerekse
darbe davramisini iyilestirdigini gdstermistir. Onerdikleri
regresyon modelleri ile gerek gelik lif takviyeli gerekse
Hibrit lif takviyeli betonlarin tekrarli agirlik diisiirme test
verilerindeki degisimlerin degerlendirilmesine yo6nelik
olarak literatiire katkida bulunmuslardir.

Yukarida verilen ¢aligmalardan da anlasilacagi iizere
betona gelik lif ilavesi ile betonun 6zelliklerini gelistirmek
iizere pek ¢ok calisma yapilmistir. Bununla birlikte CLTB
kirisler lizerinde aletli agirlik diigiirme testlerinin yapildig:
caligmalar ¢ok kisithidir. Bu ¢alismada bu zamana kadar
yogun olarak sadece statik deneylerle incelenen CLTB,
hem statik hem dinamik deneyler yardimu ile incelenmistir.
Yapilan bu calismada 350 kg ¢imento dozajli ve su-
¢imento orami 0.55 olacak sekilde beton karisimlar
hazirlanmistir. Hazirlanan bu beton karigimi igerisine
beton hacminin %0.25, %0.5 ve %0.75 ‘i kadar (19.5, 39,
58.5 kg/m?®) oranlarinda g¢elik lif eklenerek CLTB
karisimlart olusturulmustur. Hazirlanan bu karigimlar
kullanilarak 100x100x500 mm boyutlarinda beton kiris
numuneleri iretilmistir.  Beton numuneleri 28 giin
boyunca kiir’e tabi tutulmustur. Elde edilen bu beton
numuneleri {izerinde basing testi, {i¢ nokta egilme testi ve
aletli agirlik diisiirme testi yapilmustir.

2 Materyal ve Metot

Bu ¢alismada beton karigiminda 350 kg/m® ¢imento
dozaj1 secilmistir. Cimentonun %o4’ii kadar (1 m3 icin 1.4
kg) akiskanlastiric1 ilave edilmistir. Beton karisimlari
¢imento, su, agrega (%40 ince, %30 orta, %30 iri),
akigkanlastirict oranlar1 standart olup tiim karigimlarda
aymi oranlar kullanilmistir. 1 m® beton karigiminda yer alan
bilesenler Tablo 1‘de verilmistir.

Tablo 1. Beton karisim oranlari

Malzeme Miktar
(kg) (%)
Cimento 350 11.25
Su 1925 19.25
Ince agrega (0-4 mm) 747.27 274

Orta agrega (4-11.2) 538.12 20.5
iri agrega (11.2-22.4) 539.48 20.6
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Bu calismada beton karisimina ilave edilen gelik lif
Dramix firmasma ait 60 mm uzunlugunda 0.75 mm
capinda c¢elik lif olup narinlik orani1 80°‘dir. Tablo 2’de
karigima ilave edilen ¢elik lifin mekanik 6zellikleri
verilmis olup Sekil 1°de ise gelik lifin resmi verilmistir.

Tablo 2. Celik lifin mekanik ve geometrik 6zellikleri

Ozellik Biiyiikliik
Cekme Mukavemeti (MPa) 1225
fiber uzunlugu (mm) 60
Cap (mm) 0.75
Narinlik orani 80
Elastisite modiilii (N/mm?) 210000

Sekil 1. Betona ilave edilen gelik lif

Hazirlanan beton karisimina ii¢ farkli oranda (beton
hacminin %0.25 (19.5 kg/m?®), 9%0.5 (39 kg/m?®) ve %0.75
(58.5 kg/m®)i kadar) ¢elik lif ilave edilmis ve gelik lif
eklenmeyen kontrol karigimu ile birlikte toplamda 4 farkl
beton karigimi hazirlanmistir. TS EN 12390-1e [9] gore
hazirlanan 100 mm’lik kiip numeneler ve 100x100x500
mm’lik kiris numuneler 28 giin kiir edilmistir. Her bir
karisimdan 3 noktali egilme deneyi ig¢in 3 numune ve aletli
agirlik diisiirme deneyi i¢in 3 numune retilmistir.

Darbe testleri kendi igerisinde diisiik hizda yapilan
testler ve yiliksek hizli testler olarak ikiye ayrilir. Diisiik
hizda yapilan testler 1-10 m/s arasinda gerceklestirilen
deneylerdir. Yiiksek hiz olarak ifade edilen darbe testi 74.1
m/s’ye kadar gergeklestirilen testlerdir [10]. Bu testlerden
Pendulum, Izod ve Charpy, ankastre edilmis kiris ve agirlik
distirme testleri diisiik hizli darbe testleri grubundadir.
Split-Hopkinson basingli ¢ubuk test ve basingh hava ile
darbe testleri ise yliksek hizli darbe testleridir. Yiksek hizlt
darbe testleri hafif bir agirligin basinglandirilarak numune
iizerine darbe uygulanmasiyla yapilir. Agirhik diisiirme
testi ise belirli bir agirligin belirli bir yiikseklikten numune
iizerine birakilmasiyla yapilan bir deneydir. Agirlik

diistirme deneyi aletli ve aletsiz olarak iki tiirii vardir. Aletli
agirlik diisiirme darbe test yontemi malzemenin dinamik
ozelliklerini belirlemede kullanilan bir yontemdir. Diger
yontemlerden farkli olarak, yiikseklikte farkli agirlik ve
farklt uglar ile elde edilmek istenen enerji ve hiz
degistirilebilmektedir. Ayrica aletli agirlik diisiirme darbe
testi ile numuneye saplanma, delinme ve tekrarli darbe
testleri de yapilabilmektedir. Bu g¢alismada aletli agirlik
diistirme test sistemi kullanilmistir. Aletli agirlik diisirme
testi ACI 544.2R’ye [11] gore yapilmistir. Bu caligmada
Instron Ceast 9350 marka cihaz kullanilarak agirlik
disiirme deneyleri gergeklestirilmistir (Sekil 2).

Bu calismada agirlik diisiirme deneylerinde Kkiris
numune iizerine kirig ortasina enine ¢izgisel olacak sekilde
6.235 kg agirlik 736 mm yiikseklikten serbest diisiiriilerek
45 J enerji uygulanmistir.

Sekil 2. Agirlik diisiirme deneyinde kullanilan aletli agirlik diisiirme test
cihazi

3 BULGULAR VE TARTISMA

Hazirlanan numuneler {izerinde g¢esitli deneyler
yapilmistir. Kiip ve kiris numuneleri lizerinde TS EN
12390-5’¢ [12] gore yapilan basing ve 3 nokta egilme
deneyleri sonuglar1 sirasiyla Sekil 3’te ve Sekil 4’te
grafiksel olarak verilmistir.

46 -

Basmc¢ Dayanum (MPa)
.
(-]

44

0 025

0.5
Celik Lif Oranlar (%)
Sekil 3. CLTB numunelerinin basing dayanimlari degisimi
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0 0.25
Celik Lif Oranlar: (%3)
Sekil 4. CLTB numunelerinin egilmede ¢ekme dayanimlari degisimi

Sekil 3’lin incelenmesi sonucunda beton karisimina
celik lif eklenmesi ile betonun basing dayanimlarinda
artisin devam ettigi goriilmektedir. Goriildiigi iizere gelik
lif basing dayanimina olumlu katkida bulunmustur. Bu
sonuglar ¢alismada esas alinan 0.25, 0.50 ve 0.75% lif
oranlar1 i¢in elde edilmis olup literatir ile uyum
igerisindedir. Abid vd. [6] 0, 0.50, 0.75 ve 1.0% oranlarini
esas aldiklari g¢alismada en yiiksek basing dayanimi
degerini 0.75% oran1 i¢in elde etmigler ve 1.00% lif
oraninda basmng dayanimi  degerinin  diistiiglini
belirtmislerdir. Song vd. [2] %0.5, %1.0, %1.5, %2.0 lif
oranlarini esas aldiklar1 ¢aligsmalarinda beton hacminin
%1.5% kadar eklenen gelik lifin beton basing dayanimina
katki sagladigini, %1.5°dan sonra ise basing dayaniminda
hafif diistisler oldugunu bildirmislerdir. Sekil 4’lin
incelenmesi sonucunda beton karigimina gelik 1if
eklenmesi ile egilmede c¢ekme dayaniminin kontrol
numunelerine gore daha biiyikk oldugu goriilmektedir.
Celik katkili betonlarda ilk g¢atlak sonrasinda matriste
bulunan gelisigiizel dagilmis olan ¢elik lifler kopriileme
etkisi olustururlar. Bu kopriileme sayesinde ¢elik liflerin
matristen siyrilmasi sirasinda, catlaklarin ilerlemesi
geciktirilmis olur [13]. Celik lif katkili betonlarin
egilmede ¢ekme dayanimlar1 kendi aralarinda

45000

0.5

karsilastirildiginda en biiyiik dayanimlarin ise %0.75 ¢elik
lif oranl karigimlarda oldugu goriilmektedir.

Sekil 5’te CLTB kirislerin egilmeli darbe testleri elde
edilen kuvvet-zaman grafikleri verilmistir. Kiriglere 3
nokta agirlik diislirme testleri yapilmasi sonucunda elde
edilen grafiklerdeki tepe degerlere bakildiginda en diisiik
degerin 38.31 kN ile kontrol numunesine ait oldugu ve
gelik lif oran arttik¢a tepe degerin de arttig1 (%0.25 ¢elik
lif i¢in 39.30 kN, (%0.5 ¢elik lif i¢in 41.07 kN, (%0.75
gelik lif igin 42.64 kN) goriilmektedir. Egrilerin gostermis
oldugu bu karakter Yoo vd. [5] tarafindan yapilan
calismaya benzer sekilde ortaya cikmustir. ilk catlaklar
olustugunda, egilme davranigina matris yumusatma ve
elyaf kopriileme hakimdir. Tepe yiikii FRC kiriglerindeki
ilk catlama vyiikiinii gosterir. Ilk ¢atlagin meydana
gelmesinden hemen sonra, darbe yiikii biiyiik Ol¢iide
azalir. Matriste lif yoksa darbe yiikii sifir degerine ilerler.
Bununla birlikte, matriste lifler varsa, darbe yiikii, fiber
koprilleme etkisine bagli olarak yiik kademeli olarak
azalir [5]. Sekil 5°te verilen egriler incelendiginde ¢elik lif
katki orani arttikga tepe sonrasindaki egri kolunun kismen
genisledigi ve kontrol egrisine gore sifira yaklasma
egiliminin azaldig1 goriilmektedir.

40000

35000

30000

25000

20000 -

Kuvvet (N)

15000 4

10000 +

5000 A

—Kontrol

% 0.25 (19.5 kg/m3)
% 0.50 (39 kg/m3)
—% 0.75(58.5 kg/m3)

U T T
0 0.1 0.2

T
04 0.5 0.6 0.7
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Sekil 5. CLTB kirislerin egilmeli darbe testleri elde edilen kuvvet-zaman grafikleri

CLTB kirislerin egilmeli darbe testleri elde edilen
enerji-zaman grafikleri Sekil 6’da verilmistir. Enerji
degerleri kontrol numunelerinde 11.61 J degerlerinde
ortaya ¢ikarken %0.25 ¢elik lif i¢in 13.14 J, %0.5 ¢elik lif
igin 13.38 J, %0.75 celik lif i¢in ise 13.39 J olarak ortaya

cikmaktadir. Celik lif takviyeli betonlarda ulasilan nihai
enerji degerleri Dbirbirlerine yakin iken kontrol
numunesinde enerji degeri digerlerine gore daha diisiik
olarak ortaya ¢ikmistir. Burada gelik lif ilavesi ile birlikte
%15.33 kadar bir enerji artis1 ortaya ¢ikmaktadir. Celik
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liflerin eklenmesi, darbe altinda enerji emilimini
arttirmada oldukca etkili olmaktadir. Benzer sekilde
Suaris ve Shah [14] da ¢alismalarinda egilmede darbe
testleri sonucunda celik lifler igeren kiriglerde emilen
enerjinin, yalin beton kirglerde emilen enerjiden daha
yliksek oldugunu bildirmislerdir. Sekil 6’da verilen

15

egrilerin genel karakteri incelendiginde ise ¢elik lif orant
artikca enerji degerinin zaman igerisindeki artig hizinin da
daha fazla oldugu goriilmektedir. Bu artis hizinin en fazla
oldugu numuneler %0.75 ¢elik lif oranli numuneler olup
bu hizin en diisik oldugu numuneler ise kontrol
numuneleridir.

Enerji (J)

—Kontrol

% 0.25 (19.5 kg/m3)
% 0.50 (39 kg/m3)
% 0.75 (58.5 kg/m3)

0 0.1 0.2

Agirlik diisirme deneyi sonucunda numunelerde
olusan hasar durumlarmma ait resimler Sekil 7°de
verilmistir. Darbeye maruz kalmis numunelerin hasar
durumlart karsilastirildiginda kontrol numuneleri darbe
aldiklar1 yerden iki pargaya boliiniirken ¢elik lif katkilt
kirislerde darbe almman yerin diger yiiziinde en biiyiik
olmak iizere darbe alinan yiize dogru kiigiilerek ilerleyen
catlaklar olusmustur.

Agirlik diisiirme deneyi sonucunda CLTB kirislerde
darbe sonrasi olusan ¢atlak genislikleri Sekil 8’de
verilmistir. Yalin beton darbe sonrasi iki pargaya
ayrilirken ¢elik lif oraninin arttirilmasi sonucunda darbe
ile olugan catlaklarin kiigiildiigii bununla birlikte % 0.5 ve
% 0.75 oraninda celik lif takviyeli kirislerde olusan
catlaklarin ortalama genisliklerinin aym oldugu ortaya
¢ikmaktadir. CLTB’ler, yalin betona kiyasla 6nemli
Olciide gelistirilmis darbe direnci sergiler.

Catlak yiizeylerinde lif kopriilleme etkisi nedeniyle,
lifler, betonun darbe altindaki enerji yutma kapasitesinin

1.40

0.3

04 0.5 0.6 0.7

Zaman (ms.)
Sekil 6. CLTB kirislerin egilmeli darbe testleri elde edilen enerji-zaman grafikleri

iyilestirilmesinde etkilidir [1]. Pek ¢ok aragtirmacida
[15,16] benzer sekilde ¢elik 1if takviyesinin ¢atlak
biiylime direncini arttigini bildirmistir.

Sekil 7. Agirlik diistirme deneyi sonunda kirislerde olusan hasar

1.20
1.00
= 0.80

0.60

0.40

Catlak gemisligi (mm)

0.20

0.00
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05 0.75

Celik Lif Oranlar (ke/m?)
Sekil 8. Agirlik diistirme deneyi sonunda ¢elik lif katkili kirislerde meydana gelen ¢atlak genislikleri
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4  Sonuglar

CLTB kirislerde lif oraninin egilmede darbe
davranisina etkisini aragtiran bu g¢aligma i¢in kontrol
karisiminin yani sira beton hacminin % 0.25 (19.5 kg/m?),
% 0.50 (39 kg/m*) ve % 0.75 (58.5 kg/m?®) oranlarinda
celik lif takviyeli beton kiipler ve kirigler iiretilmistir.
Kiipler iizerinde basing, kirisler lizerinde egilme ve aletli
agirlik diigtirme deneyleri yapilmistir. Ayrica agirlik
diisiirme deneyleri sonucunda kiris ortasinda meydana
gelen catlak genisligi 6l¢iimil yapilmistir.

Diisiik hizli darbe etkilerine maruz kalan yapi
elemanlarinda olusabilecek davranis1 ortaya koymak
amaciyla yapilan bu ¢alijmada deneyler sonucunda
asagidaki sonuglara varilmistir.

Celik lif ilave edilmesi ile betonun egilmede ¢ekme
mukavemetinin artigr gorilmistiir. Celik lif takviyeli
betonlar icerisinde en yiiksek egilmede ¢cekme dayanimi
% 0.75 (58.5 kg/m?®) oraninda ¢elik lif ilave edilen betonda
olmustur.

*Celik  1if olmaksizin  hazirlanan  kontrol
numunelerinin  darbe  etkisinde aniden kirildig1
goriilmiistiir. Agirlik diisiirme deneyleri sonucunda gelik
liflerin betonda ani kirilmayi 6nledigi anlagilmistir.

*Kiriglere 3 nokta agirlik diislirme testleri yapilmasi
sonucunda elde edilen grafiklerdeki tepe degerlere
bakildiginda en diigiikk degerin 38.31 kN ile kontrol
numunesine ait oldugu ve c¢elik lif orani arttikca tepe
degerin de 42.64 kN’ye kadar arttig1 goriilmektedir.

*Darbe testlerinde kuvvetlerin zamanla degisimi
karsilastirildiginda kontrol numunelerinde g¢elik lif katkili
numunelere oranla ilk catlagin daha diisiik kuvvetlerde
meydana geldigi anlasilmistir. Celik lif orani artikga
kuvvet-zaman egrisindeki tepe degerler de artis
gostermektedir.

*Darbe testlerinde kuvvet-zaman egrilerinde tepe
degerden sonraki boélgeler incelendiginde kontrol
numunesi egrisinin hizla sifira dogru ilerledigi fakat ¢elik
lif katkili numunelerde ¢elik lif katki oran1 arttik¢a tepe
sonrasindaki egri kolunun kismen genisledigi ve kontrol
egrisine gore sifira yaklasma egiliminin azaldigt
goriilmektedir.

*Darbe testlerinde enerjini zamanla degisimi
karsilastirildiginda ¢elik lif katkili numunelerde enerji
13.14, 13.38 ve 13.39 J olarak ortaya ¢ikarken kontrol
numunelerinde ise 11.61 J olarak ortaya g¢ikmaktadir.
Celik liflerin eklenmesi, darbe altinda enerji emilimini
arttirmada oldukga etkili olmaktadir.

*Darbeye maruz kalmis numunelerin hasar durumlari
karsilastirildiginda kontrol numunelerinin darbe aldiklari
yerden aniden kirilarak iki par¢aya boliindiigi goriiliirken
celik lif katkili kiriglerde darbe ile sadece catlak olustugu
goriilmiistiir. Celik 1if orani ile darbe sonrasinda olusan
catlak geniglikleri iliskisine bakildiginda gelik lif oraninin
arttirlmasinin ~ darbe  etkisinde  olusacak  ¢atlak
genisliklerini azalttig1 ortaya ¢ikmaktadir.

Bu calisma sonucunda elde edilen veriler 1s181nda;
celik lif katkili betonlarin darbe etkisine maruz
kalabilecek; askeri yapilarda, havalimanlarinda, yollarda,
kiy1 liman yapilarinda, sanayi yapilarinda otopark olarak
kullanilan yapilarin tasiyict elemanlarinda vb. yapilarda
kullanilmasinin avantajli oldugu sonucuna varilmustir.
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Abstract

Original scientific paper
This article has explained in detail what the puzzle of Sudoku is — the meaning of Sudoku —, where it comes from — the origin of Sudoku
—and how it can be solved — the solution way of Sudoku. Especially, this paper has analyzed the solution of the problem — Sudoku can be
taken as a problem — based on the graph theory. This theory consists of several algorithms, methods, rules and principles which are about
the graph in general. In addition, this study has focused on the Welsh-Powell algorithm — greedy coloring algorithm — and Karger’s
algorithm — contraction algorithm — among those graph algorithms by trying to give explanations about them (these two methods). Also,
based on the rules and principles of those two algorithms, “Sudoku Solver Application” has been designed and developed in order to solve
the puzzle of Sudoku. Moreover, the paper has presented a specific solution way of the puzzle Sudoku, and has showed its efficiency and
usability by showing complexity and run time of the application among several available solutions based on the graph theory. So, the study
has offered “Sudoku Solver Application” to the game world, science world, and education world as well for its use.

Keywords: Graph theory, sudoku, Welsh-Powell algorithm, Karger’s algorithm.

GRAFiK TEORISINE DAYALI ETKIN BIiR SUDOKU ¢OZUCU UYGULAMASI

Ozet
Orijinal bilimsel makale

Bu makale, Sudoku bulmacasinin ne oldugunu (anlamini), nereden geldigini (kokenini) ve nasil ¢oziilebilecegini (¢6ziim yolunu)
aciklamaktadir. Ozellikle, problemin ¢dziimiinii — Sudoku bulmacast bir problem olarak ele alinabilir — grafik teorisine dayali olarak analiz
etmektedir. Bu teori, genel olarak grafiklerle ilgili ¢esitli algoritmalar, yontemler, kurallar ve ilkelerden olusmaktadir. Ayrica, grafik
algoritmalarindan Welsh-Powell (a¢gozlii renklendirme algoritmasi) ve Karger (daraltma algoritmasi) algoritmalari tizerinde durularak bu
iki yontem hakkinda bu ¢alismada detayli bir bilgilendirme yapilmistir. Bununla birlikte, bu iki algoritmanin kural ve prensipleri dikkate
alinarak, bu makalede, “Sudoku Coziicii Uygulamas1” tasarlanmig ve gelistirilmistir. Ayrica, uygulamanin ¢alisma siiresi hesaplanip
etkinligi ve kullanilabilirligi ortaya konmustur. Buna ek olarak, bu ¢aligma, Sudoku bulmacasinin belirli bir ¢6ziim yolunu grafik teorisine
dayali algoritmalar yardimiyla bulup, kullanimi i¢in hem oyun diinyasina, hem bilim diinyasina, hem de egitim diinyasina sunmustur.

Anahtar Kelimeler: Grafik teorisi, sudoku, Welsh-Powell algoritmasi, Karger algoritmasi.

1 Girig kars1 sayilar1 kullanmasidir ve bodylece, bir bulmacanin
yapilmasi ve onun farkl {ilkelerdeki farkli dillere sahip

Sudoku bulmacasi, gazetelerin ve bulmaca web
sitelerinin gogunda bulunabilen diinya ¢apinda popiiler bir
oyundur. Ayrica, Google Play ve Apple Store’daki ¢ok
sayida Sudoku uygulamasinda agikga goriilen mobil
uygulamalar diinyasina da yayilmistir. Bu nedenle,
glinlimiizde milyonlarca web sitesinin Sudoku sundugu
dogrudur. Bir Sudoku bulmacasin1 ¢ézmenin genellikle
bilinmezler i¢cin ¢ok tatmin edici olmasinin tipik bir
sonucu olarak c¢esitli {icretsiz olusturucu yazilimlar
mevcuttur [1]. Ayrica, Avrupa ve ABD’de parasal ddiil
kazanma olasilig1 olan sosyal turnuvalar da vardir [2].

Sudoku popiilaritesinin birgok nedeni vardir; en
onemlisi harf veya kelime kullanan diger bulmacalara

* Corresponding author.
E-mail address: mbatar@mehmetakif.edu.tr (M. Batar)

insanlar arasinda paylasilmasi oldukc¢a kolay bir hale
gelmektedir. Diger onemli bir neden ise, Sudoku
bulmacasinin kolay kurallar1 olmasi1 ve her yastan kisinin
O0grenim ge¢misine bakilmaksizin hizli bir sekilde oyunu
ogrenebilmesidir [3].

Sudoku bulmacasi, son yillarda diinyanin her
yerinden bir¢ok insanin tutkusu haline gelmistir. Aslinda,
Sudoku ile ilgili ilging gercek, ¢oziilmesi gereken dnemsiz
bir bulmaca olmasidir. Cozlimiiniin 6nemsiz olmasinin
nedeni, Sudoku ¢oziimleri i¢in bir algoritmanin mevcut
olmasidir. Bu algoritma, bir ¢6ziim yolu bulana ve
bulunana kadar bir agagta geriye dogru izlemeye dayanan
aga¢ tabanli bir arama algoritmasidir [4]. Bir kisinin
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sadece tek yapmast gereken sey, kisisel bilgisayarinin
karsisinda oturup, bulmacada verilen sayilar1 tuslamak ve
ardindan  bir  bilgisayar  programinin  ¢dzimi
hesaplamasini ve bulmasini beklemektir. Fakat insanlar
bunu yapmak yerine, Sudoku bulmacalarinm ¢6zmek i¢in
ugrasmaktadirlar. Bunun nedeninin, insanlarin Sudoku
¢Oziimlerini bulmak icin kalem ve kagitla ugragmaktan
hoslanmalar1 oldugu belirtilmektedir. Bu sayede,
bulmacay1 yapmaya calisan biri i¢in ciddi bir zihinsel
meydan okuma yerine gelmekte ve bu, c¢oziiciiye israr
etmesi igin gerekli cesaret vermektedir [5].

Ote yandan, aragtirmacilarin bakis agisindan, Sudoku
bulmacalarim ¢ozerken akillara birgok soru gelmektedir:
Benim bulmacamin bir ¢éziimi var mi1? Eger Gyleyse,
benim bulmacam i¢in tek mi? Daha az ipucu olsaydi
bulmaca daha da zorlasir mi? Benzersiz bir ¢dziim
saglamak i¢in minimum ipucu sayisi nedir? En zorunu
icin bile, farkli Sudoku tiirlerini ¢6zmek igin etkili
algoritmalar var m1? Bu ve benzeri sorular, arastirmacilara
bu sorularm yanitlarini kesfetmelerini ve bu bulmacalari
olusturup ¢ozmek icin algoritmalart uygulamalari i¢in
¢ekici firsatlar sunmaktadir [6]. Bunun dogal bir sonucu
olarak, bu probleme yaklasildigi zaman, bir¢ok sayida
strateji ve ¢6ziim yolu oldugu ortaya ¢ikmaktadir.

2 Sudoku

Sudoku  bulmacasi 9x9’luk  bir  tahtada
oynanmaktadir. Tahtada, ortiismeyen dokuz adet 3x3’°liikk
alt panoya boliinmiis seksen bir hiicre bulunmaktadir. Bu
alt panolar kutu olarak adlandirilabilmekte ve asagida
Sekil 1’de goriildiigli gibi panonun sol iist kdsesinden
baslayarak Kklasik daktilo sirasina gore 1’den 9’a kadar
numaralandirilmaktadir [7]. Tahtadaki belirli bir hiicreye
atifta bulunma gosterimi, satir numarasiin ardindan
siitun numarasim vermektir. Ornegin, C(6, 7) gdsterimi;
6. satir ve 7. situndaki C (cell-hiicre) hiicresini
belirtmektedir.

1 2 3 = 5 5 7 ] 5
1

2 1 2 3

3

4

§ 4 5 6

&

7

& 7 8 9

]

Sekil 1. Sudoku tahtasi.

Sudoku, mantik tabanli, 6grenmesi kolay bir say1
yerlestirme bulmacasidir. Sudoku kelimesi, “sayilar tek
olmal1” anlamina gelen “Su-ji wa dokushin ni kagiru”nun
kisaltmasidir. Sudoku bulmacasmin kokleri Isvigre’ye
dayanmaktadir. Leonhard Euler, 18. yiizyillda Sudoku

bulmacasina benzeyen ancak tek tek bolgelerin igerigi
iizerinde ek kisitlamalar olmaksizin “carré latin”i
yaratmistir. Ancak, ilk ger¢ek Sudoku 1979’da
yayinlanmis ve Amerikali bir mimar olan Howard Garns
tarafindan icat edilmistir. Diinya c¢apindaki gercek
popiilerlik ise, 1986 yilinda Japonya’da yayinlandiktan ve
“Nikoli” tarafindan Sudoku adi1 verildikten sonra baslamis
ve ortaya ¢ikmustir [8].

Bir Sudoku bulmacasi1 dokuz siituna, satira ve bolgeye
boliinmiis 81 hiicreden olusmaktadir. Gorev, 1’den 9’a
kadar olan sayilart bos hiicrelere, her satir, siitun ve
3x3’liik bolgede, her sayr sadece bir kez goriinecek
sekilde yerlestirmektir. Bir Sudoku’da en az 17 tane
verilen say1 vardir, ancak normalde 22°den 30°a kadar say1
verilmektedir. Sudoku, matematik tabanli bir bulmaca
degil, mantik tabanlidir. Harfler ve hatta bazi semboller
ile ¢ozlilmemis bir Sudoku bulmacasi yapmak oldukc¢a
miimkiindiir. Biraz ilgin¢ bir nokta ise, olast Sudoku
bulmacalarinin = “6.670.903.752.021.072.936.960” (alti
seksilyon alti yiiz yetmis kentilyon dokuz yiiz ii¢ katrilyon
vedi yiiz elli iki trilyon yirmi bir milyar yetmis iki milyon
dokuz yiiz otuz alti bin dokuz yiiz altmig) tane olmasidir
[9]. Boylece, insanlar giinde sayisiz Sudoku bulmacasi
oynayabilmekte ve yine de yenileri  yerine
gelebilmektedir.

3 Sudoku Tarihgesi

Sayt bulmacalari, 19. yiizyilin sonlarinda, Fransiz
bulmaca hazirlayicilarinin sayilart sihirli  karelerden
cikarmay1 denemeye basladiklart birkag gazetede ortaya
cikmusti. Paris gazetesi “Le Siccle” 19 Kasim 1892°de
kismen tamamlanmig 9x9’luk sihirli kareyi 3x3’lik alt
karelerle yaymlamisti. Bu bir Sudoku degildi, ¢iinkii ¢ift
haneli sayilar icermekteydi ve mantiktan ziyade
¢coziimiinde aritmetik iglemler gerektirmekteydi. Ancak
yine de temel oOzellikleri bakimindan Sudoku’yu
andirmaktaydi [10].

6 Temmuz 1895°te “Le Siecle'in rakibi” — La France
— bulmacayi neredeyse modern bir Sudoku olacak sekilde
geligtirmisti. 9x9’luk sihirli kare bulmacay: basitlestirdi
ve boylece her satir, siitun ve kirik kosegenler yalnizca 1-
9 sayilarini icermekteydi, ancak alt kareleri isaretlemedi.
Isaretlenmemis olmalarina ragmen, her 3x3liik alt kareler
gercekten 1-9 sayilarimi igermekteydi ve kirik kosegenler
iizerindeki ek kisitlamalar yalmizca bir  yolla
¢oziilebilmekteydi. Bu haftalik bulmacalar, yaklasik on
yil boyunca “L’Echo de Paris” gibi Fransiz gazetelerinin
ortak ve eglenceli bir 6zelligiydi, ancak 1. Diinya Savasi
sirasinda maalesef bu uygulama ortadan kalkt1 [11].

Modern Sudoku, ¢ok biiyiik olasilikla, Connersville,
Indiana’dan 74 yasindaki emekli bir mimar ve serbest
bulmaca kurucusu olan Howard Garns tarafindan anonim
olarak tasarland1 ve ilk olarak 1979°da “Dell Magazines”
tarafindan “Number Place” olarak yayinlandi (bilinen en
eski modern Sudoku 6rnekleri). Garns’in adi, “Dell Kalem
Yapbozlar1” ve “Say1 Yeri’ni igeren “Kelime Oyunlar1”
sayilarinda katkida bulunanlar listesinde her zaman yer
almaktaydi. Yaratilisini diinya ¢apinda bir fenomen olarak
gorme sansi bulamadan 1989 yilinda vefat etti. Garns’in
yukarida listelenen Fransiz gazetelerinden herhangi birine
tanidik olup olmadigi bilgisi ise hala belirsizligini
korumaktadir [12].

International Journal of Innovative Engineering Applications 5, 2(2021), 218-224

219



An Efficient Sudoku Solver Application Based on Graph Theory

Bulmaca Japonya’da “Nikoli” tarafindan Nisan
1984’te  “Monthly Nikolist” gazetesinde “Siuji wa
dokushin ni kagiru (#8FIZ I H 2[R %) olarak tanitilds,
bu ayni zamanda “rakamlar tek olmalidir” veya “rakamlar
tek bir olayla sirlidir” (Japonca’da dokushin “evli
olmayan kisi” anlamma gelmektedir) anlamlarina
gelmektedir. Daha sonraki bir tarihte, isim Maki Kaji
tarafindan Sudoku (%34) olarak kisaltild1 ve daha kisa bir
stirim olusturmak i¢in bilesik kelimelerin ilk boliimiinii
kendi tizerine ald1 [13].

Sudoku bulmacast Japonya’da tescilli bir ticari
markadir ve bulmaca genellikle “Numara Yeri” veya daha
gayri resmi olarak iki kelimenin bir portmantosu -
“Num(ber) Pla(ce)” olarak adlandirilmaktadir. 1986°da
“Nikoli” iki yenilik getirmisti: verilenlerin sayis1 32 ile
siirlandirilmig ve bulmacalar simetrik hale getirilmisti;
yani verilenler rotasyonel simetrik hiicrelere dagitilmigti.
Boylece, “Asahi Shimbun” gibi ana akim Japon
dergilerinde Sudoku bulmasi yaymlanmgti [14].

“Times of London”, Wayne Gould’un ¢abalarindan
yola cikarak yerel bir ABD gazetesinde basarili bir
goriiniimden sonra 2004 yilinin sonlarinda Sudoku’ya yer
vermeye baslamis ve diizenli olarak bu durum, hizla diger
gazetelere yansimis ve yayilmusti. Gould, benzersiz
bulmacalar1 hizla iiretmek icin bir bilgisayar programi
tasarlayip gelistirmisti [15].

Sudoku bulmacasi, giiniimiizde hala popiilerligini
korumakta ve 7’den 70’¢ herkes tarafindan oynanmaya
devam etmektedir.

4 Sudoku Goéziimii

Sudoku bulmacasinin ¢6ziim yolu tek degildir ve
birden fazla yol/yontem mevcuttur [16]. Ancak, ¢6ziime
giden yolu gostermek igin bir rehber hazirlamak
mimkiindiir. Bu ama¢ dogrultusunda, asagidaki mevcut
adimlar izlenerek Sudoku bulmacasi ¢oziilebilmektedir.
Bununla birlikte, Sudoku ¢dziimiine yeni baslayanlar i¢in
bir yol gosterici niteligi tagimaktadir. Toplam 9 adimdan
olusan bu ¢6ziim stratejisi adim adim agik bir sekilde
gosterilmistir.

Adim 1

2|7]8 3 1

1 7 6 3|4
S5 4
7 9]1 8 S5

Sekil 2. Sudoku ¢6ziimiiniin ilk adimu.

1. adimda (Sekil 2), Sudoku bulmacasinin bir 6rnegi
yer almaktadir. Yeni baslayanlar icin, anlasilir olmasi
bakimindan seviyesi kolay bir 6rnek (Sudoku bulmacasi)
verilmistir. Bulmacayr ¢6ziime baglamak i¢in ilk
yapilmasi gereken en sik goriinen say1 ve sayilari
aramaktir.

Adim 2
9 712|8
2|7|8 3 1
9 6|14
) 6 2
6 3
1 S -l
1 7 6 3|4
S5 -
714|9]1 8 S5

Sekil 3. Sudoku ¢6ziimiiniin ikinci adimi.

1. adimdan sonra 2. adima (Sekil 3) gecildiginde, en
sik goriinen say1 olarak “4” sayisi ele alinmistir. Bununla
birlikte, “4” sayis1 olmayan bdlgeler aranmis ve eleme
islemi ile “4” sayisinin yerlestirilmesine ¢alisilmistir. Bu
amagcla hangi siitun ve satirlarin “4” sayisim igerdigi
belirlenmis, bu satir ve siitunlara “4” sayisinin
konulamayacagi tespit edilmistir. Bunun sonucunda,
hangi bolgede tek olasi yer kalmissa, “4” sayisi oraya
yerlestirilmistir. Sekil 3’de gdsterilen iki tane “4” sayisi
bu sekilde elde edilmistir. Ortaya konan ve uygulanan bu
strateji, capraz tarama olarak isimlendirilmektedir.

Adim l3

2|17|8 3
9

4]
)}
HlWINIO (0NN

1 517 6 3|14
S -4
7/4|9]1 8 S5

Sekil 4. Sudoku ¢6ziimiiniin tigiincii adimi.

2. adimdan sonra 3. adim (Sekil 4) i¢in de, capraz
tarama islemi “5” sayisi ile tekrarlanmigtir. Bu islem
neticesinde, 2. adimdaki “4” sayisindan daha etkin bir
sonu¢ ortaya ¢ikmig ve ii¢ tane “5” sayist bulmacaya
yerlestirilmistir.

Adll{]i‘

9 7] 2|8
2|7]18l6la|3]5]1]9
9 6|4
5 6| |2

6 3|5
1 s 1a
1| |sl7] |sl9]3]a

s[ Ta]1
7[alo]1 8| |s

Sekil 5. Sudoku ¢6ziimiiniin dérdiincii adimi.
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4. adunda (Sekil 5) satirlar, siitunlar ve bdlgeler
sadece iki bos hiicre ile tamamlanabilmistir. Bu durumu
ortaya ¢ikarabilmek oldukga kolaydir, ¢iinkii her iki hiicre
grubundan bir hiicre i¢in yalmzca bir olasi say1 geride
kalmigtir. Bu uygulamanin anlagilmasini kolaylastirmak
icin ilgili sayilar Sekil 5’de verildigi gibi renklerle — <1~
sayisi i¢cin kirmizi yuvarlak renk, “6” sayisi i¢in mor
yuvarlak renk ve “9” sayisi igin yesil yuvarlak renk —
vurgulanmig ve yuvarlak igine alinmistir. Bu islemin
sonucunda, sonraki adimlar i¢in ¢apraz tarama ve sayma
islemlerini yapmak oldukca kolaylagmuistir.

Adim §
9 712|8
2|17|816(4|3]5]|1]|9
9 6143
S 6 2
6 3|5
1 S -1
1 5|7 619(3|4
S 411|7|2
714|9]1 8|6|5

Sekil 6. Sudoku ¢6ziimiiniin beginci adimu.

4. adimin ardindan 5. adimda (Sekil 6) ise, sol alt
bolgede, “6” sayisinin tam konumu belirlenememis, ancak
hangi siraya konmasi gerektigi — Sekil 6’da sol altta, {i¢
kirmizi hiicre ile gosterilen yer — ortaya cikarilmustir.
Bunun neticesi olarak, “6” sayist sag alt bolgeye
yerlestirilmistir. Ardindan ise, 4. adimda izlenen ve
uygulanan bos hiicre yolu ile “7” ve “2” sayilari elde
edilmistir.

Adm 6
9 712|8
2|7|816|4|3]5|1|9
9 6]4|3
5|7 6 2
6 3|S5
1]2 S -4 6
1]12|5]7|8]|6]9]|3|4
5|9(4)11]7|2
714]19]1 8|65

Sekil 7. Sudoku ¢6ziimiiniin altinc1 adimi.

6. adimda (Sekil 7) ise, ¢apraz tarama yontemi ile
sayma islemleri denenmistir. Ayrica, bir hiicre i¢in eksik
sayilar1 belirlemek igin bolgeler, satirlar ve siitunlar
sayillmistir. Sayimdan sonra tek bir olasi say1 ile bir hiicre
bulunup, say1 hiicreye yerlestirilmistir. Sayim bulgularini
ezberlemeye yardimci olmasi bakimindan ilgili hiicrelere
kiiclik sayilar yazilmistir. Sayma sonucunda, bu adimda,
Sekil 7 de goriildiigii gibi alt1 say1 — “27, “27,“6”, “77, “8”
ve “9” sayilar1 — elde edilmistir.

Adm 7
9 712|8
2|7|816|4|3]15]|1]|9
9 6|43
5|7 6 2 1

6 3|57

112 S5 -4 6
1]12|5]17]|8]|6]9]|3|4
5(9|411(7(2
714|911|=2[2]8|6(5

Sekil 8. Sudoku ¢6zlimiiniin yedinci adimu.

6. adimdan sonra 7. adimda (Sekil 8), 4. adimdaki bos
hiicre arama yolu ile Sudoku bulmacasinin bir satir1 ve bir
siitunu daha tamamlanmustir.

Adn 8
9|1 712|8
2|17|816(4|3]5]1|9
5/9|1 614|3
5|7 6 2 1
8|6 3157
1|12 S -} 6
112|5]17|8|6]9]|3|4
315|9(4]11|7]|2
7/4|1911]13]|2]8|6|5

Sekil 9. Sudoku ¢6ziimiiniin sekizinci adimi.

8. adimda (Sekil 9), 6. adimdaki gibi sayma yoluna
gidilmistir ve bu islemin sonucunda, 5 yeni say1 — “17,
“17, 37, “5” ve “8” sayilar1 — daha bulmacada yerini
almugtir.

Adim 9
6|3|4]9(1|5]7|2]|8
2|17|816[/4|3]15]1|9
S(9]|1]12(7|8]6]|4]|3
4|5|713|6|9]2|8|1
9(8|6]14(2|1}3|5|7
3|1|2]8(5|7]14|9]|6
1]12|5]7|8|6]9|3]|4
8|6|3|5(9]|4]11]|7]|2
714|911|3|2]8|6]|5

Sekil 10. Sudoku ¢oziimiiniin son adimi.

Son olarak 9. adimda (Sekil 10), Sudoku
bulmacasinin geriye kalan tiim sayilar1 eldeki g¢apraz
tarama, sayma ve bos hiicre yollarindan yararlanilarak
doldurulmus, islenmis ve ¢6ziim yolu ve stratejisi tam
olarak ortaya ¢ikmistir. Bu gelistirilen rehber sayesinde 9
adimda Sudoku bulmacasi ¢oziilebilmekte ve yeni
baglayanlar icin bir basucu bilgisi olusturmaktadir.
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5 Yontem

Sudoku bulmacasinin  ¢dziim yolunu (¢dziim
yaklagimini) veren “Sudoku Coziicii Uygulamasi”
tasarlanirken ve gelistirilirken grafik teorisine dayali iki
6zel algoritma kullanilmustir.  Bunlar, Welsh-Powell
algoritmasi ve Karger algoritmasidir.

Welsh-Powell metodu, grafik renklendirme problemi
icin bir algoritma uygulamaya ve ¢0ziim bulmaya
yoneliktir [17]. Statik bir grafik tizerinde ¢alisan ag¢g6zli
bir algoritma saglar ve bu yinelemeli bir acgdzli
algoritmadir [18]. Bu algoritmanin isleyis, ¢6zim ve
strateji adimlar1 asagidaki gibidir.

Adim 1: Tim koseler, derecelerinin azalan degerine
gore “V” (vertices-koseler) listesinde siralanir.

Adim 2: Renkler “C” (colors-renler) listesinde
siralanir.

Adim 3: “V”deki ilk renksiz “v” kosesi, “C”deki
mevcut ilk renkle renklendirilir. Mevcut renk, algoritma
tarafindan daha once kullanilmayan bir renk anlamina
gelmektedir.

Adim 4: Sirali “V” listesinin kalan kismina gegilir ve
ayni renk, komsu tepe noktalarinin ayni renge sahip
olmadig1 her tepe noktasina atanir.

Adim 5: Tim koseler renklendirilene kadar 3. ve 4.
adimlar tekrarlanarak uygulanir.

Ortaya konan bu adimlarin neticesinde, Sekil 11°de
Welsh-Powell algoritmasinin temelini olusturan, isleyis
tarzin1 yansitan, ¢alisma prensibini ortaya koyan ve daha
iyi anlasilmasini saglayan grafik renklendirme ile ilgili
yapilan calisma gosterilmistir.

Sekil 11. Welsh-Powell yontemi ile grafik renklendirme.

Karger metodu en kii¢iik kesimi bulmaya ¢aligir [19].
Bu kesim, verilen yonsiiz ve agirliksiz bir grafige dayali
olarak grafigi iki bilesene ayiran en kiigiik kenar sayisini

ifade etmektedir. Ayrica, giris grafigi paralel kenarlara
sahip olabilmektedir. Coziim olarak, minimum kesimi
bulmak i¢in “Max-Flow tabanli s-t kesim algoritmas1”
[20] kullanilir. Her kose ¢ifti kaynak “s” ve “t” havuzu
olarak kabul edilmektedir ve “s-t” kesimini bulmak i¢in
minimum “s-t” kesme algoritmasi olarak
adlandirilmaktadir. Ardindan tim “s-t” kesimlerinin
minimumunu dondiirmektedir. Bu algoritmanin miimkiin
olan en iyi zaman karmagiklig, bir grafik icin O (V®)’dir
— V:vertices-koseler. Asagida bu amag igin Karger
yontemi basit bir sekilde adim adim agiklanmistir [21]. Bu
algoritma O (E) = O (V?) - E:edges-kenarlar — zamaninda
uygulanabilmektedir [22].

Adim 1: “CG” (cell to graph) grafigini orijinal
grafigin kopyasi olarak baslatin.

Adim 2: 2’den daha fazla kose varken;

Biiziilme grafiginde rastgele bir kenar (u, v) segin.

“u” ve “v” yi tek bir kosede birlestirin ve mevcut
grafigi giincelleyin.

Kendi kendine dongiileri ortadan kaldirin.

Admm 3: Iki kése ile temsil edilen kisimlar kesilene
kadar 2. adimi tekrar edin.

Ortaya konan bu adimlarin neticesinde, asagidaki
Sekil 12’de Karger algoritmasmin temelini olusturan,
isleyis tarzini yansitan, ¢alisma prensibini ortaya koyan ve
daha iyi anlagilmasim saglayan kisaltma/daraltma ile ilgili
yapilan ¢alisma gosterilmistir.

Sekil 12. Karger algoritmast ile kisaltma/daraltma.
6 “Sudoku Coziicii Uygulamasi”

“Sudoku Coziicii Uygulamas1” tasarlanip
gelistirilirken Yontem bolimiinde de agiklandigi gibi
Welsh-Powell ve Karger algoritmalar1 kullanilmistir.
Uygulama ortaya c¢ikarilirken isin Onemli noktasi
renklendirilecek tepe ve tepe noktalarini segmektir [23].
Onerilen algoritmada, doymus derece siralamasi
(saturated degree order) [24] ve derece siralamasinin bir
kombinasyonunu [25] kullamlmaktadir. Bir tepe
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noktasinin doygunluk derecesi, bitisik farkli renkteki
koselerinin sayis1 ile olgiilmektedir. Koseler doygunluk
derecelerine gore siralanmakta ve eger iki kdse ayni
dereceye sahipse, dereceleri karsilastirilarak baglar
bozulup ¢6ziimleme islemi yapilmaktadir.

int colorNumber = 1; //number of used colors
int numberOfColoredhodes = @;

while (numberOfColoredNodes < graph.Count)

{

var max = -1;

var index = -1;
for (int i = @; 1 < graph.Count; i++)

if (!Colored(graph.Nodes[i], nodeSet))

{
var d = SaturatedDegree(graph.Nodes[i], nodeSet);
if (d > max)
i
max = d;
index = i;

else if (d == max)
if (Degree(graph.Nodes[i]) > Degree(graph.Nodes[index]))

index = i;
}

}

3

AssignColor(graph.Nodes[index], nodeSet,ref colorlumber);
numberOfColorediliodes++;

}

Sekil 13. Uygulamada kullanilan hibrit yontemin kodu.

Sekil 13’de Welsh-Powell ve Karger algoritmalarina
baghh olarak gelistirilen etkin “Sudoku Coziicii
Uygulamasi”na ait hibrit yontemin kaynak kodu
verilmistir.

Bir Sudoku bulmacasi (9x9), her hiicre i¢in bir tane
olmak iizere 81 kdoseli bir grafik olarak diistiniilebilir ve
eger ayni degere atanamiyorlarsa iki kose bir kenarla
baglanmaktadir [26]. Ornegin, aym satir, siitun veya
bloktaki tiim hiicreler, karsilik gelen koseleri arasinda
kenarlara sahip olmaktadir. Buna ek olarak, verilen bir
Sudoku bulmacasi ile ilgili bir grafik
olusturulabilmektedir. Bulmacada verilen say1, grafige ek
kenarlar eklemek igin kullanilabilmekte; daha sonra bu
grafigin 9 rengini bulmak i¢in grafik boyamada s6z sahibi
olmaktadir (renkler 1-9). Bu renklendirme yo6ntemine
bagli olarak ortaya cikartilan uygulama Sekil 14°de
gosterilmis ve “Sudoku Coziicii Uygulamasi”na ait girdi
ve ¢iktilar da “Sekil 15”te ¢aligsma siiresi ile birlikte ortaya
konmustur.
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Sekil 14. Uygulamada kullanilan renklendirme islemi.
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Sekil 15. “Sudoku Coziicii Uygulamasinin” etkin sonucu.

Ayrica “Sudoku Coziicii Uygulamasi”min  zorluk
seviyeleri ile ilgili ¢iktilarina bakildig1 zaman oldukga iyi
bir performans sergiledigi goriilmektedir. Zorluk derecesi
sudoku bulmacasinda verilen ipucu sayisina gore
degismektedir [27]. Eger bulmacanin basinda verilen
ipucu sayist 19 ile 26 arasinda ise zor, 27 ile 36 arasinda
ise orta, 36’dan fazla ise kolay olarak nitelendirilmektedir
[28]. Asagida Tablo 1°de, gelistirilen “Sudoku Coziicii
Uygulamasi’nin bulmacanin zorluk seviyelerine gore
verdigi cevaplarin ¢aligma siireleri listelenmistir.

Tablo 1. Uygulamanin ¢alisma siiresi

Zorluk Seviyesi Caligma Siiresi (sn)
Diisiik ~0,16 sn
Orta ~0,39sn
Yiiksek ~0,74 sn

7 Sonug

Bu ¢aligma, tiim diinyada ¢ok popiiler bir oyun olan
ve 7’den 70’¢ herkes tarafindan oynanan Sudoku
bulmacasini, anlamini, nereden geldigini, gelisimini
ornekleriyle beraber agiklamistir. Bununla birlikte,
Sudoku’nun ¢oziimii (¢6ziim yolu) ile grafik teorisinin
yaklagimi ve igerigi arasindaki iligkiyi agik¢a gostermistir.
Ayrica grafik yontemleri ig¢inde yer alan; grafigi
renklendirmeyi amaclayan Welsh-Powell algoritmasi ve
grafigi daraltmayr amaclayan Karger algoritmast ile
Sudoku bulmacast i¢in yeni ve etkin bir ¢éziim yolu
gelistirilmis ve ortaya c¢ikarilmistir. Bu etkin “Sudoku
Coziicii Uygulamasi” sayesinde, “Sudoku” ve “Grafik”in
birbirine ¢ok iyi uydugu ve birbirini ¢ok iyi tamamladig1
bu caligma ile agikga gdsterilmistir. Oyun sektoriine,
bilisime, bilime ve egitime hizmet eden bir ¢caligma ortaya
konmustur.
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Abstract

Review paper
Resistance spot welding (RSW) is a metal joining method that is widely used, especially in the automotive industry. Welding technologies
are also developing in parallel with the developments in the industry. Traditional alternating current resistance spot welding systems (AC-
RSW) are being replaced by new generation medium frequency direct current resistance spot welding (MFDC-RSW) systems. In addition,
MFDC-RSW is one of the high energy efficient methods that can work in harmony with robots that have an important role in Industry 4.0.
In this study, resistance welding methods, which have an important place in welding technology, are classified and the developments in
the new generation MFDC-RSW systems are examined. The advantages and disadvantages of the stated welding method are compared
with conventional AC-RSW systems. In addition, the inverter topology of MFDC-RSW systems based on power electronics technology
has been examined.

Keywords: AC/DC/AC converter, resistance spot welding, h-bridge inverter, medium frequency direct current resistance spot welding.

ORTA FREKANS DOGRU AKIM DIRENG NOKTA KAYNAK SISTEMLERINDE KULLANILAN
EVIiRICi TOPOLOJILERININ INCELENMESi

Ozet
Derleme makale

Direng nokta kaynagi (DNK), 6zellikle otomotiv sanayisinde yaygin bir sekilde kullanilan bir metal birlestirme yontemidir. Endiistrideki
gelismelere paralel olarak kaynak teknolojileri de gelismektedir. Geleneksel alternatif akim diren¢ nokta kaynak sistemleri (AA-DNK),
yerini yeni nesil orta frekans dogru akim direng¢ nokta kaynak (OFDA-DNK) sistemlerine birakmaktadir. Ayica, OFDA-DNK, Endiistri
4.0 icerisinde 6nemli role sahip robotlar ile uyumlu bir sekilde calisabilecek, enerji verimliligi yiiksek yontemlerden biridir. Bu ¢alismada
kaynak teknolojisinde 6nemli yere sahip direng kaynak yontemleri smiflandirilarak yeni nesil OFDA-DNK sistemlerindeki gelismeler
incelenmistir. ifade edilen kaynak y&nteminin avantaj ve dezavantajlari, geleneksel AA-DNK sistemleri ile karsilastirilmistir. Ayrica giic
elektronigi teknolojisine dayali OFDA-DNK sistemlerinin evirici topolojisi incelenmistir.

Anahtar Kelimeler: 44/DA/AA déniistiiriicii, direng nokta kaynag, h-képrii evirici, orta frekans dogru akim direng nokta kaynag.

1 Girig edilecek ti¢ temel degiskendir. Ayrica yogun kullanimda
elektrotlarin  kapali sistem su ile sogutulmasi

Direng kaynagi (DK) yontemi, otomotiv, beyaz esya,
celik esya gibi birgok endiistride yaygin olarak kullanilan,
diisik maliyetli ve kolay kullanilabilen bir metal
birlestirme  teknolojisidir. =~ DK  uygulamalarinda,
kaynatilmak istenen yiizeyleri temas edecek sekilde, iki
metal {ist Giste yerlestirilir. Metallerin lizerine 6nce basing,
ardindan elektrik akimi uygulanir. Metal parcalarin
uygulanan kaynak akiminin akigina kars1 gosterdigi direng
sonucunda bir 1s1 enerjisi olusur. Ortaya ¢ikan 1s1, iki
metalin birlesmesini saglar. Kaynak akimi, kaynak
zamani ve kaynak kuvveti, tiim bu sirali siireglerde kontrol

* Corresponding author.

E-mail address: muratuyar@uludag.edu.tr (M. Uyar)

gerektiginden, sogutma suyu sicakligi da Onemlidir.
Elektrot malzemesi, elektrot u¢ tasarimi da Onemli
degiskenlerdir. Bu noktada uygulama tiirii ve is par¢asinin
gereksinimlerine gore DK islemleri, direng nokta kaynagi
(DNK), direng dikis kaynag1 (DDK), direng projeksiyon
kaynagi (DPK) ve diren¢ alin kaynagi (DAK) olarak
boliimlere ayrilir [1].

DNK, en c¢ok tercih edilen diren¢ kaynak
yontemlerinden biridir. Verimlilik, kullanim kolayligs,
maliyet konularindaki avantajlarinin, bu yOntemin
yayginlasmasinda Onemli etkisi vardir [2]. Kalifiye
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operatdr gereksinimi diisiiktiir, verilmesi gereken egitim
basittir. Operasyon siiresinde yiiksek hizlara gikilabilmesi
ve uygulama siirecinin otomatiklestirilebilmesi gibi
nedenlerle seri iiretimde ¢ok kullanilir [3]. Kaynak
sistemlerinin verimliliginin arttirilmasi igin siirekli bir
iyilestirme c¢abasit harcanmaktadir. Bu siirecte DNK,
alternatif akim (AA) ve orta frekansli dogru akim (OFDA)
olmak iizere iki temel kategoriye ayrilmistir. AA cihazlari
yirminci ylizyilda yogun olarak tercih edilmis olsa da
giiniimiizde OFDA cihazlarina egilim artmaktadir. Her iki
sistem de AA giic kaynagi ile beslenmesine ragmen
doniistiiriicii ve kontrol yapilart farklidir [4-5].

AA-DNK sistemlerinde, tek fazli AA kaynaktan
beslenen doniistiiriiciden, kontrol edilebilir akim elde
edilir. Doniistiirticii devresi ters paralel bagl tristérlerden
olusur. Elde edilen akim, kaynak transformatoriiniin
primerine  uygulanir. Sekonderde, transformatdriin
doniisim oraninda kontrol edilebilen kaynak akimi
meydana gelir. Kaynak akimi ile sebeke geriliminin
frekans1 esittir. OFDA teknolojisi ise giic elektronigi
eviricilerine ~ dayanir.  OFDA-DNK  sistemlerinde
doniistiiriicii, t¢ fazli AA gerilim ile beslenir.
Déniistiiriicti devresinde AA/DA/AA topolojisi kullanilir.
Sebeke gerilimi, giris dogrultucusunda dogrultularak
eviriciye uygulanir. Eviricinin ¢ikiginda, 1000 Hz
frekansli kontrol edilebilir bir gerilim elde edilir. Orta
frekansli (OF) bu gerilim, OF kaynak transformatoriiniin
primerine iletilir. Sekonderde, doniisiim oraninda kaynak
akimi elde edilir ve akim tekrar tam dalga dogrultucuda
dogrultulur. OFDA-DNK yapis;, AA-DNK yapisindan
daha karmasiktir. Ciinkii sistemin besleme gerilimine gore
daha yiiksek frekansl ¢ikis iretmesi, manyetik doygunluk
ve kaynak akiminda istenmeyen artig gibi sorunlara neden
olabilir [4, 6]. Sistemde kontrol frekansi yiiksektir ve
kaynak transformatorii simetrik  beslenemediginde,
transformatérde manyetik doygunluk olusur. Manyetik
doygunluk, kaynak akiminin yiikselmesine sebep olur.
Sistem 6nlem olarak korumaya gecebilir ve kapanabilir.
Sistemdeki bu tiir problemler 6nlenmelidir [7].

Bu makalede, bir DK yontemi olan OFDA-DNK
sistemlerinin elektriksel yapist ve evirici topolojisi
ayrimtili bir sekilde incelenmemistir. Sistem icerisinde yer
alan donistiiriicii bloklarinin goérevleri ve bilesenlerin
se¢ciminde kullanilan matematiksel modeller ortaya
konmustur. Bununla birlikte, geleneksel yontemlere gore,
OFDA-DNK sistemin sundugu tistiinliikler karsilagtirmali
bir sekilde tartigilmastir.

2 Direng Kaynag

DK, is pargalarina uygulanan basing ve elektrik
akimina karsi, parcalarin gosterdigi direng sonucu olusan
1s1 ile birlesmenin saglandig1 kaynak iglemleri olarak tarif
edilebilir. Baslangicta, DK sisteminde bulunan elektrotlar
birbirine dogru hareket ettirilerek, pargalar1 bir kaynak
kuvvetiyle sikistirir. Kaynak kuvvetinin uygulanmasi
sirasinda parcalarin {izerinden kaynak akimi akitilir.
Uygulanan akim sonlandirildiginda ise kaynak kuvveti
kaldirilir ve elektrotlar agilir [8]. Sekil 1°de DK islemleri
sirali olarak verilmistir.

Kaynak kuvveti, elektrotlara ¢ogunlukla pnomatik
silindirler veya servo mekanizmalarla iletilir. DK
isleminde is parcasi olarak iki veya daha fazla metal

secilebilir. Elektrotlar {izerinden metal pargalara akitilan
elektrik akimi ise sisteme harici olarak enerji saglayan bir
elektriksel yap1 tarafindan olusturulur. Elektrik akimi,
parcalarin ve temas yiizeylerinin iizerinden akarken,
kaynak bolgesinde Joule yasasi geregi 1s1 olusur [7]. Joule
yasasina gore, aciga ¢ikan 1s1 enerjisi (1) nolu denklemde
gosterilmistir.

Kaynak kuvveti
Ustelektml l l l
Par;;a1 T
Pargaz 5\ l l l
Alt elektrot
T Blrlesme
Kaynak kuvveti
Sekil 1. Direng kaynagi islem adimlari
_ (T2 ;2
E= le I?(HR(t)dt )

Burada Ty, T, sirasiyla kaynagin baglangic ve bitis
stiresini, I kaynak akimini, R kaynak bolgesindeki direnci
temsil eder. A¢iga cikan 1s1 sonucu pargalarda eriyen
bolgeler, uygulanan basmng ile birbiriyle biitiinlesir.
Basincin uygulanma siiresi, kaynak zamani ve kaynak
sonrasi bekleme zamani olarak iki boliime ayrilir. Kaynak
zamaninda basincin uygulanmasi ile ka ynak akiminin
gegcisi saglanir. Bu siire, par¢alarin DK gereksinimlerine
uygun se¢ilmelidir. Kaynak zamani ¢ok uzun olursa, parca
yanar, ¢ok kisa olursa, pargalar arasinda yeterli birlesme
saglanamaz. Kaynak sonrasi bekleme zamani, kaynak
tamamlanip akim akis1 kesildikten sonra, bir siire daha
pargalar iizerine basmcin uygulandig: siiredir. Bu siirede,
pargalar sikistirilarak sogur ve katilasir. Dolayisiyla, DK
uygulamalarinin temelini, 1s1, basing ve sikigtirma siiresi
parametrelerinin olusturdugu sdylenebilir.

Kaynakli baglantilarda, mukavemet ve performans
hedeflerini karsilayabilmek i¢in, DK yontemleri baz1 alt
boliimlere ayrilarak 6zellesmistir. Bu alt bolimler, direng
dikis kaynag (DDK), direng alin kaynagi (DAK), direng
projeksiyon (DPK) ve DNK olarak siniflandirilabilir.
Ancak seri imalat siirecinde en ¢ok tercih edilen DNK
yontemleridir.

2.1 Direng Nokta Kaynagi

Endiistride bir otomobil veya panel radyatdr binlerce
nokta kaynagindan olusur. DNK, otomatiklestirilebilir,
pratik yapisi sayesinde, bu tiir metal plakalardan olusan
irtinlerin eklemlerini birlestiren seri {iretim tesisleri igin
temel yontem olarak karsimiza cikar [9]. DNK, diisiik
gerilimli yiiksek elektrik akimi kullanir. Genellikle
bindirme baglantilar1 i¢in uygulanir. Sac levhalarin
kaynatilacak temas yiizeyleri elektrotlarin ylizeyleri
arasina merkezlenerek yerlestirilir ve siire¢ baslatilir.
DNK c¢evrimi i¢in 6rnek bir grafik Sekil 2°de verilmistir
[3]. DNK uygulanacak pargalarda DPK’daki gibi
projeksiyon kabarciklart bulunmaz. Ancak uygulama
adimlar1 DPK ile benzer sekilde ilerler.
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Direng nokta kaynak cevrim siresi

Sekil 2. Nokta kaynak ¢evriminde kuvvet ve akim iliskisine bir rnek

Is parcalar1 yerlestirildiginde, kaynak kuvveti
uygulanarak elektrotlar arasinda sikistirilir. Sisteme enerji
saglayan elektriksel yapi tarafindan iiretilen kaynak
akimi, parcalarin iizerinden akitilir. Temas ylizeyinde
olusan diren¢ sonucu, Joule yasasi dogrultusunda 1s1
retilir. Is1 dreyen bolge eriyerek nokta benzeri bir
bolgede birlesme saglanir. Bu birlesme bolgesi, kaynak
gozii olarak da adlandirilir. Kaynak tamamlandiginda,
ihtiyag duyuluyorsa, pargalar bir siire daha baski altinda
bekletilir. Son olarak, kaynak kuvveti kaldirilarak
elektrotlar agilir. Agilma sirasinda pargalarin elektrotlara
yapismasini  Onlemek ve elektrotlarin  daha hizli
sogumasini saglamak i¢in, Sekil 3’de Srnegi verilen su
veya hava sogutmali elektrotlar kullanilir.

Kaynak kuvveti Kaynak kuvveti

Ust elektrot l l

Sodutucu girii ~ -.........
Sodutucu gikigl e 3
Metal saclar  °,
" Suveya hava

; sodutucu sistemi

Temas yllzeyf. Kaynak gozl

Alt elekirot

Sogutucu girigi~....... »~
Sogutucu gikigl .. »

auLs

Sekil 3. Direng nokta kaynagi uygulama semasi

DNK elektrotlarinda malzeme olarak, yiiksek elektrik
iletkenligi nedeniyle, bakir alagimlar veya bakir ve
tungsten bazli metaller segilir. Elektrotlarin ucu diiz veya
kubbe seklinde olabilir. Ug¢ kisimdaki bu farklilik,
elektrotlar ve parca arasindaki temas yiizeyini etkileyerek
akim yogunlugunu ve iretilen 1s1 miktarini degistirir.
Yogun 1s1 ve basing gerektiren agir hizmet kosullarinda
ucu kubbe tipi elektrotlar sec¢ilir [3, 10]. DNK
sistemlerinde, kaynak akimmin tretimi igin farkh
yontemler  kullanan  ¢esitli  elektriksel  yapilar
olusturulmustur. Bu yapilardan ikisi, AA ve OFDA gii¢
kaynaklaridir [7]. DNK sistemleri, kullanilan gii¢
kaynagmma goére AA-DNK ve OFDA-DNK olarak iki
gruba ayrilir.

AA-DNK sistemlerinde kaynak akimini kontrol eden
glic kaynagi, ters paralel bagli iki adet tristorden olusur.
Sisteme tek fazli siniizoidal sebeke gerilimi uygulanir.
Sistem ayrica bir kaynak transformatorii ve bir kaynak
yiikii icerir. Sekil 4’de bir AA-DNK sisteminin elektriksel
yapisi verilmistir.

SCR1

Kaynak transformatdrii
L s RS

M-
M (o Ry
kaynak

Sekil 4. AA direng nokta kaynagimnmn elektriksel yapisi

Devrede, kaynak transformatoriiniin primer ve
sekonder bobininin esdeger direngleri (R,, R;) ve endiiktif
reaktanslart (L,,Ls) kaynak akimmi etkiler. Devrede
bulunan tristor, bir atesleme frekansinda tetiklenerek,
kontrollii bir kaynak ¢evrimi baslatir. Atesleme frekansi,
AA sebeke geriliminin frekansimin iki katidir. Bunun
nedeni, tristorlerin, sebeke geriliminin pozitif yarim
periyodunda ve negatif yarim periyodunda bir atesleme
acisinda tetiklenmesidir. Bir diger deyisle, Sekil 5 (a)’da
gosterildigi gibi sebeke geriliminin pozitif alternansinda
bir tristor, Sekil 5 (b)’deki gibi negatif alternansinda diger
tristor iletime gecirilir. Yapilan bu kontroldeki amag,
tristorlerin iletime gectigi atesleme agisini ayarlamaktir.
Uretilen kontrollii gerilim, bir kaynak transformatdriiniin
primer bobini ile etkilesime gecer. Kaynak transformatorii
bir diistirticii transformatordiir. Uygulanan yiiksek gerilim
ve disik akimi, disik gerilim ve yiliksek akima
doniistiiriir. Kaynak transformatoriiniin doniigtiirme orant
dogrultusunda sekonder bobininde kaynak akimi elde
edilir. Elde edilen kaynak akimi, DNK elektrotlarina
gonderilerek parga {izerinden akim akist saglanir. Yik
direncinin  (R,), kaynak akimima gosterdigi direng
sonucunda, parcalar 1s1 iiretir ve AA-DNK olusur.

SCR1 Kaynak

transformatdri Ls Rs
SV i\M
~ ~
.Y
kaynak ! -
Rp Lp
P\M YL
(a)
Kaynak
transformatori Ls
2aas
J: SCR2
Ve A A
# ()
kaynak T
Rp Lp
AN .
(b)

Sekil 5. AA-DNK sisteminde, a) pozitif alternans iletimi, b) negatif
alternans iletimi

AA-DNK sistemlerinde hedeflenen kaynak akiminin
uygulanabilmesi, kapali g¢evrim bir kontrolii gerektirir.
Ancak sistem dogrusal olmayan ve zamanla degisen bir
sistemdir. Sabit akim kontroliiniin saglanabilmesi ve
tristorlerin  hangi atesleme agisinda tetiklenmesi
gerektiginin belirlenebilmesi i¢in literatiirde ¢aligmalar
yapilmigtir [10]. Bu caligmalarda, kaynak
transformatoriiniic  devre dis1 birakan ve sekonder
bobinindeki bilesenleri primer bobinine aktaran esdeger
bir devre modeli kullanilmistir [11]. Sekil 6’da verilen
esdeger devre modelinde, sebeke geriliminin ve akiminin
etkin degeri (Up, Ip,), devrenin esdeger endiiktansi (L)
tizerinden, esdeger dirence (R.g) uygulanmistir.
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Sekil 6. AA-DNK sisteminin esdeger devresi

Tristorler iletime gectiginde, akimin sebeke
geriliminin fazina gore sistemin faz farki (¢) kadar
gecikmeyle akacagini degerlendiren ¢aligmalar, kaynak
akimini iki farkli bilesen olarak incelemistir. Buna gore,
akimin birinci bileseninin (i), tristér iletim yoniinde
siniizoidal formda bir bilesen, ikinci bilesenin (i,) ise
iletim yOniine ters yonde, iistel formda bir bilesen oldugu
ifade edilmistir. Kaynak sirasinda, sistemde paralel ve ters
bagli tristorler, sebeke geriliminin uygun alternansinda,
siral1 olarak bir atesleme agisinda (@) tetiklenir. a, kaynak
akimmnin miktarini ayarlayan agidir. Tetiklenen agida
tristdr iletime geger. Iletilen gerilimden ¢ Kkadar
gecikmeyle, tristorde akim akis1 baslar. iletim ydniinde
aktarilan i;, ters yondeki i, tarafindan disiiriiliir. Iki
bilesenin etkisinde olusan akim, kaynak isleminin etkili
oldugu siireyi belirten bir iletim agisi (6) kadar siirede
iletilir. Uygulanan gerilimin sifir gecisinde tristor kesime
gider. Kesime gidildiginde, yine ¢ agis1 kadar gecikmeyle
kaynak akimi kesilir. AA-DNK sistemlerinde kaynak
akimi dretiminin dalga formlar1 Sekil 7°de verilmistir

[10].

u,i

Sekil 7. AA-DNK sisteminde akim dalga formlar

AA-DNK sistemleri basit yapida ve diisiik maliyetli
olmasina ragmen, ¢aligma frekansinin sebeke frekansinda
olmasi kaynak akiminin tepe degerlerini 6nemli derecede
biiylitmektedir. Bu durum, akimin etkin degeri agisindan
kaynak sirasinda onemli Olgiide dalgalanmalara neden
olur [5]. Giinlimiizde ise kaynak akiminda daha hassas
degerlerin  hedeflenmesi,  kaynak  verimliliginin
arttirilmasi, gii¢ kayiplarinin azaltilmasi gibi talepler soz
konusudur. AA-DNK sistemlerinin  bu talepleri
kargilayamamasi sonucunda OFDA-DNK sistemleri
yayginlasmustir [4].

3 OFDA-DNK Sistemi

OFDA-DNK sistemleri, ii¢ faz besleme gerilimine
AA/DA doniisimil yapan bir giris dogrultucusu, DA
gerilimde  bulunan yiikksek frekans bilesenlerini
soniimleyebilen bir filtre devresi, dogrultulan DA gerilim

i¢in besleme geriliminden daha yiiksek frekansta DA/AA
doniisiimil yapan bir doniistiiriicii ve ¢ikiginda tam dalga
dogrultucuya sahip bir OFDA kaynak transformatoriinden
olugur. Sistem tarafindan iretilen, bir DA seviyenin
iizerine bindirilen 2000 Hz frekansli dalgalanmalar igeren
kaynak akimi, DNK yiikiine uygulanir. Sekil 8’de temsili
bir OFDA-DNK sisteminin blok semasi gosterilmistir
[13].

Sistemdeki giris dogrultucusu, uygulanan AA sebeke
geriliminin {i¢ fazim (ug, ug, uy), DA bara gerilimine
(Up,) doniistiiriir. Dogrultulan gerilim, bir filtre devresi
ile iyilestirilebilir. Up,, DA/AA donistiiriictiye iletilir.
Burada doniistiiriicii, 4 adet IGBT yar iletken gii¢ anahtari
ve karsiliginda 4 adet ters paralel diyot bulunan bir H-
koprii eviricisidir. Eviricide, IGBT gili¢ anahtarlarinin
darbe geniglik modiilasyonu (DGM) yontemiyle ikili
gruplar halinde agilip kapanmasinin sonucunda, Up,,
1000 Hz frekansh kare dalga formuna cevrilir. Uretilen
cikig gerilimi (Upyr), kaynak transformatoriiniin giris
gerilimi  olarak primer bobinine iletilir. Kaynak
transformatorii, bir disiliriicii transformatordiir. Diigiik
akimli yiiksek gerilimi, doniistirme oraninda, disiik
gerilimli yiliksek akima c¢evirir. Sekonder bdliimiinde
tiretilen OF, kare dalga formundaki yiiksek akim,
transformatoriin iki sekonder bobinine bagli, iki diyottan
(Ds, Dg) olusan tam dalga dogrultucuda dogrultulur.
Dogrultucu cikisinda OFDA kaynak akimu {iretilir [14].
Sekil 9’da bir OFDA-DNK sisteminin basit esdeger
devresi verilmistir [14-15].

Kaynak yiikiiniin endiiktans1 (L,) ve R, lizerinden
akan i’ye karsi Uretilen 1s1 sonucunda OFDA-DNK elde
edilir. Esdeger devredeki degiskenlerle birlikte, manyetik
alan siddeti (H), vakum gegirgenligi (1), transformatoriin
manyetik histerezis kaybi (i), transformatdr demir
¢ekirdeginin kesit alani (S;), manyetik aki yogunlugu (B),
manyetik aki hattinin ortalama uzunlugu (l,,;) ve hava
boslugu (8) degerleri de kullanilarak olusturulan dort
denklem ile sistem matematiksel olarak tamimlanmigtir
[15].

U =iy Ry + Ly dfi“t“ + NiSa 5 ()]
N3Sq Z_L: = —in2Ry — Lz % — ups(inz) — iRy — Lyz_i @)
N3Sq4 Z_L: =in3R3 — Lys % + upe(in3) + iRy + Lyz_i O]
Nying + Nping = Naing = H(B)lore + =26 + % Z+in (9

Sistemde, kaynak transformatdriiniin primer ve
sekonder boliimlerinin manyetik alan dengesi, (5) nolu
denklem ile tamimlanir. Kaynak akimi, kaynak
transformat6riiniin demir gekirdek kayiplari (R;), primer
ve sekonder bobininin sarim sayilart (N;, N,, N3), kacak
endiiktanslart (Lyq, Ly, Lyz), direngleri (R, Ry, R3) Ve
bobinlerine karsilik gelen akimlar (iyq, iy2, in3)
tarafindan etkilenir. Ote yandan, kaynak
transformatoriiniin neredeyse ayni yapidaki iki sekonder
bobinine karsilik gelen (3) ve (4) denklemleri icin
benzerlik s6z konusudur. Bu iki denklemden, i, sekonder
bobinlerinden akan akimlarin toplami olarak belirlenir
[15].
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Sekil 9. OFDA-DNK sisteminin elektriksel yapisi

AA-DNK ve OFDA-DNK caligmalarinda, uygulanan
akimin etkin degeri dikkate alinir. Kaynak sirasinda
akimin etkin degeri ile tepe degerleri arasindaki farkin
artmasi, elektrotlarda ve i3 pargasinda kaynak
problemlerine neden olabilir. AA-DNK sistemlerinde
kaynak akiminin frekansi, sebeke frekansina esittir ve
akim sadece sebeke geriliminin yarim periyotlarinda
ayarlanabilir. Kaynak akimi, transformatoriin doyuma
gitmemesi sartiyla, yaklasik 10 ms’lik zaman dilimlerinde
giincellenir. Frekansin disiik olmasi sonucunda, tepe
degerleri ile etkin degeri arasindaki fark oldukga
yiiksektir. OFDA-DNK sistemi, sebekenin {i¢ fazindan
dengeli akim ¢eker. Giris dogrultucusunun ardindan
kullanilan filtre kondansatorleri, gerilim dalgalanmalarin
sonlimler. Sistemin frekanst 1000 Hz oldugundan, hem
daha kiigiik boyutlu kaynak transformatorii kullanilabilir
hem de kaynak akiminda daha hizli ayar yapilabilir. Bu
faktorler, akimin tepe degerlerini diigiiriir. OFDA-DNK
akiminin tepe degeri ile etkin degeri arasinda 6nemli bir
fark yoktur. AA-DNK ve OFDA-DNK akim dalga
formlari, Sekil 10’da karsilagtirmali bir sekilde
sunulmustur [16].

Standart olarak OFDA-DNK sistemleri ti¢ fazli AA
hat gerilimiyle beslenir. Hat gerilimi girig dogrultucusuna
iletilir. Dogrultucuda {iretilen DA bara geriliminin
iizerindeki dalgalanmalar bir filtre devresinde giderilir ve
eviricinin H-kopriisiine gonderilir. Sisteme uygulanan {i¢
fazli AA gerilimi DA gerilime donistiren giris
dogrultucusu, bir ti¢ fazli koprii dogrultucusudur.

i
Orta frekansh dogru akim

Tek faz alternatif akim
Sekil 10. AA ve OFDA direng nokta kaynak akimlarinin dalga formlari

3.1 Ug Fazh Koprii Dogrultucu

Ug fazhi koprii dogrultucular, ii¢ fazli tam dalga
dogrultma isleminde kullanilir. Kontrolsiiz, yar1 kontrolli
ve tam kontrollii olmak {izere {i¢ gruba ayrilir [17].

Uc fazli kontrolsiiz képrii dogrultucular, diyotlu
dogrultuculardir. Digaridan herhangi bir kontrol komutu
uygulanmaz. ikili olarak seri baglanmis {i¢ diyot grubunun
paralel baglantisindan olusur. Bu ii¢ diyot grubunun seri
baglanti noktalarina, karsilik gelen AA faz gerilimleri
uygulanir.

Ug fazli yar1 kontrollii dogrultucular, tristdr ve diyot
karisimn bir yapidan olusur. Ug fazli tam kontrollii
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dogrultucular ise tamamen tristorlerden olusur. Her iki
dogrultucu grubunda da tetikleme acis1 kontrol edilerek
DA gerilim ve akim ayarlanabilir. Sekil 11°de ii¢ fazli yar
kontrollii ve tam kontrollii kdprii dogrultucu devreleri

verilmistir.

Up O———

Rofda g Upa

UTC

Dd42|S Dd62|S Ddzzls

Ug fazli yan kontrollii képrii dogrultucu

URO———

USO

Rofda ? Upa

ur O

Ug fazli tam kontrollii képrii dogrultucu

Sekil 11. Ug fazh yar1 kontrollii ve tam kontrollii kdprii dogrultucu

Ug fazlh yar1 kontrollii dogrultucular, iig tristor ve iig
diyottan olusur. Pozitif DA gerilim ve akim dretir.
Rejeneratif doniistiiriicii  degildir. Uygulanan ii¢ faz
gerilimin sifir gegisleri takip edilerek, pozitif yarim
periyotlarda, tristérler uygun bir a degerinde sirayla
tetiklenir. Tetikleme islemi her 2m/3’te bir tekrarlanir.
Negatif yarim periyotlar, tetikleme kontrolii olmadan,
diyotlar iizerinden iletilir [18]. Ug fazli yar1 kontrollii
dogrultucular, ¢ift yonlii dontistiiriicli kullaniminin gerekli
olmadig1 uygulamalarda, doniistliriici devresini ve
kontroliinii sadelestirmek i¢in kullanilir.

Ug fazlh kontrolsiiz képrii dogrultucular, diyotlardan
olustugundan, gerilim veya akim kontrol edilemez.
Dogrultucuya disaridan bir kontrol sinyali uygulanamaz.
Gerilimi veya akimi kontrol edebilmek igin, diyotlarin
yerine tristér gibi anahtarlama yapilabilen, kontrol
edilebilen cihazlarin kullanilmast gerekir. Tristor, uygun
a degerinde tetiklenerek, cikis gerilimini ve akimini
kontrol edebilir [19].

Ug fazl tam kontrollii koprii dogrultucular, alt1 adet
tristorden olusur. Rejeneratif doniistiiriicidiir, her iki
yonde giig akigt saglayabilir. Ug fazli yar1 kontrollii kprii
dogrultuculardan daha az filtreleme gereksinimi vardir.
Uygulanan ti¢ faz gerilimin sifir gegisleri takip edilerek,
pozitif yarim periyotlarda anot ucu en pozitif, negatif
yarim periyotlarda katot ucu en negatif gerilime sahip olan
tristdr, uygun bir «a degerinde tetiklenir. Tristorleri
tetikleme islemi, numaralandirma sirasiyla her 2m/3’te
bir tekrarlanir [18]. Sekil 12’de ii¢ fazli tam kontrollii
koprii dogrultucunun gerilim ve akim grafikleri verilmistir
[17-18].
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Sekil 12. Ug fazlh tam kontrollii képrii dogrultucuda gerilim ve akim iliskisi
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Sekil 12°de gorildigi gibi, D;1, m/6 + a ile 57/6 +
a araliginda iletimdedir. iletime gectigi anin m/6’lik
zaman dilimi sonrasmda D,,, w/2+ a ile 7n/6+
araliginda iletime gecer. Siirecin tamami
degerlendirildiginde, iletim siiregleri bu sirayla devam
eder. Tetikleme 60° ve sonrasinda yapilirsa, Upgu
grafiginde sifira diismeler ve siireksizlikler baslar. Bu
durumda, tam kontrollii kdprii dogrultucunun c¢ikiginda
endiiktif yiik bagliysa, Up, grafiginin isareti degisir. Bu
durumda dogrultucu artik bir ters gevirici olarak calisir.
Cikista Up,’nin negatif olmasmi onlemek veya sifir
oldugunda da akimin yike akmasm saglamak
istendiginde, devreye paralel bir diyot eklenir.

Uygulanan sebeke geriliminin fazlari, nominal
calisma sartlarinda saf siniis fonksiyonlarindan olusur.
OFDA-DNK sistemine enerji verildiginde, sebekeden
dogrultucuya bir anda gerilim uygulanmasi, gegici
durumda kararsiz ve anlik yiiksek gerilimin ¢ekilmesine
neden olur. Gegici durum siirecinde, li¢ fazli kopri
dogrultucunun kontrollii olarak diisiik bir 6 ile iletime
gegirilmesi, a acisinin yavagga disiiriilerek, 6 agisinin
maksimum deger i¢in arttirilmasi, bu probleme bir 6nlem
olarak uygulanabilir. Bu siire¢ yaklasik 1-2 s siirer. Enerji
verildiginde 6 acisina miidahale edebilmek igin, yari
kontrollii veya tam kontrollii dogrultucu kullanilmalidir.

Dogrultucudan eviriciye gonderilen Up, gerilimi
pozitif isaretlidir. Gerilimin isaretini degistiren bir ¢ift
yonli doniistliriiciiniin  kullanimina ihtiya¢ duyulmaz.
Aksine, yiikten sebekeye gii¢ aktarimi, kaynak sirasinda
sebekeyi olumsuz etkileyebileceginden, Onlenmesi
gereken bir durumdur. Daha basit yapisinin yani sira, tek
yonlii gli¢ akigina izin vermesi nedeniyle, li¢ fazli yari
kontrollii kdprii dogrultucunun tercih edilmesi uygundur.
Ote yandan, yar1 kontrollii dogrultucularda, tam kontrollii
dogrultuculara gore daha fazla filtreleme gerektiginden,
Ups cikist  bir filtre devresinden  gegirilerek
tyilestirilmelidir.

3.2 Dogru Akim Bara Filtresi

OFDA-DNK sistemlerinde, eviriciye gonderilen Up 4
geriliminin yapisi, eviriciden sonraki birimleri ve kaynak
kalitesini etkiler. Dogrultucunun ¢ikiginda iiretilen diisiik
frekans  bilesenleri (Vpr) ve H-kopriisiiniin
anahtarlamalar1  sonucunda olusan yiiksek frekans
bilesenleri (Av), Up, geriliminde dalgalanmalara neden
olur. Gerilim dalgalanmalarini yumusatmak i¢in DA bara
kondansatoriiniin DA gerilim kaynagma Sekil 13’deki
paralel baglantisi, yaygin olarak kullanilan yontemlerden
biridir [20].

Evirici, dogrultucudan aldigr Up, gerilimini, bir
DGM modiilasyon yontemiyle doniistiiriir. H-kSpriisiinde
capraz olarak eslestirilen iki IGBT grubu, aralarinda ¢
degeri 180° olarak tetiklenir. IGBT gruplari ayni anda
tetiklenemez. Anahtarlama periyodunun (T,,;ric;) agma
siresinde (tq) agilip, kapatma siiresinde (txapan)
kapanan IGBT gruplari, OF kare dalga gerilim ¢ikisi
iiretir. Eviricinin trettigi Uy ile girisine uygulanan Up,
gerilimlerinin orani, modiilasyon indeksi (m) olarak
adlandirihir.  Calismaya gore Up,  gerilimindeki
dalgalanmanin genligi, eviricinin ¢ikis akiminin genligi
(Ior) Ve @ ile m’nin bir fonksiyonudur.

R O—|

ug 0 Upa -

Ut 0—
Ddﬂé Ddsfls Daz%

DAbara J:_
kondansatbril .

Sekil 13. Dogru akim bara kondansatorii

Yiiksek frekans bileseninin genligi, kullanilan DA
bara kondansatoriiniin degerine gore degisir. Bunun
nedeni, bilesenin frekansinin kHz degerlerinde olmasi
sonucunda, kapasitif reaktansmin DA kaynagin
empedansindan  ¢ok  daha  kiiciik  olmasidir.
Dalgalanmanin genligi, tepeden tepeye maksimum
genligine veya etkin degerine gore belirlenebilir [20].

Eviricinin T, stiresinde anahtarlamanin [,
akiminda olusturdugu anlik etkiyle birlikte Up,
geriliminde olusan Av ve dalgalanmanin tepeden tepeye
genligi (Av,,) Sekil 14°de verilmistir.

ipat) e
0 [ t

t acik

Au(t)
Tevi rici
|
Avy

0 t

Sekil 14. Eviricide anahtarlamanin giris akiminda olusturdugu anlik
etki ve giris geriliminde olusan dalgalanma

Dogrultucunun ¢ikisinda, frekansi sebeke frekansinin
iki kati olan diisiik frekans dalgalanmalar retilir. Disiik
frekans dalgalanmalari, ayirma kondansatdrleri tarafindan
kontrol altinda tutulur. Ayirma islemi, AA ve DA ayirma
olarak iki gruba ayrilan bir filtreleme islemidir.
Dalgalanmanin giderilmesi hedeflenen Up, geriliminin
isareti pozitif oldugu i¢in DA ayirma yontemi uygulanir.
Sekil 15°de, diigiikk frekans dalgalanmalarina karst
kullanilan bir DA ayirma kondansatdriiniin tizerindeki
gerilimin (V) grafigi verilmistir [21].

Diisiik frekans dalgalanmasinin genligi, kapasitansin
yani sira DA baranin empedansi tarafindan da etkilenir.
Diisiik frekans dalgalanmalart i¢cin DA baranin esdeger
empedansinin (Zpz) ve dalgalanmalarin genligine iligkin
bagmtilar (6) ve (7)’de verilmistir [20].
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. t
0 2 T 312 2T

Sekil 15. DA ayirma kondansatériiniin gerilim dalga formu

_ 1 RZ2+(2wL)?
Zpr = 20C  [R2+(20L-50)>2 ()

ml 1 RZ+(2wL)?
VDF = ZOF 2wC R2+(2a()L—)L)2 (7)
2wC

(7)’nin  hesaplanmas1 karmasik oldugundan, iki
varsayimdan birini kabul edilerek sadelestirilmistir [20].
Devrenin endiiktansinin veya direncinin kapasitansindan
¢ok biiyiik olmasi durumunda, devre endiiktif veya rezistif
olarak baskin kabul edilebilir. Bu durumda (7) nolu
denklem, (8)’e doniisiir.

Vpp = 98— 8

Denkleme I,-™** dahil edilerek, maksimum genlikli
diisiik frekans dalgalanmasina karsi kullanilacak DA bara
kondansatorii tespit edilir.

mIOFmaks 1

C= C))

2 2wVpF

DA bara gerilimi i¢in kullanilacak kondansatorler,
film veya elektrolitik segilebilir. Film kondansatérlerin
disik esdeger seri direngleri (ESR) vardir. ESR,
kondansatoriin  olumsuz bir o&zelligidir ve sistemin
verimini disiirlir. Ayrica film kondansatorler yiiksek
gerilim seviyelerine dayanabilir. Sebekede olusabilecek
anlik agirt gerilimleri soniimleyebilmek igin, devrede
durdurucu kondansatorler kullanilir. Film kondansatorler,
durdurucu kondansator olarak kullanilabilir. DA bara
gerilimleri i¢in uyumludur. Elektrolitik kondansatorler ise
maksimum 550 V’a kadar deger alabildiginden, daha
yiiksek gerilimler i¢in birden fazla elektrolitik
kondansatoriin - seri baglanmasi gereksinimi vardir.
Elektrolitik ~ kondansatér  kullanildiginda,  gerilim
dengeleme direnci ile DA gerilimdeki dengesizleri
gidermek gerekebilir. Ancak elektrolitik kondansatorler,
film kondansatorlerden daha fazla enerji depolayabilir ve
daha ucuzdur. Filtreleme isleminin uygulanacag:
gerilimin isaretiyle birlikte, kondansatoriin yapisi ve
kullanim amaciyla ilgili teknik detaylar incelenerek,
secim yapilir.

DA bara geriliminin filtrelenmesinde kullanilan
kondansatorler, yiiksek miktarda gerilim depolayabilir.
Sistemin enerjisi kesildiginde ise bu gerilim hizli bir
sekilde bosaltilamayacaktir. Bu yiizden, enerjisi
kesildiginde, gii¢ devresinin gerilim dl¢iimleri yapilmali
ve kondansator gerilimlerinin bosaldigindan emin
olunmadan temas kurulmamalidir. Bu siireci hizlandirmak
icin devrede kondansatorlerle birlikte hava alma direngleri

kullanilir. Hava alma direnci, sistem kapatildiginda filtre
kondansatorlerinde depolanan enerjiyi bosaltir. Filtre
kondansatorleri gibi dogrultucunun ¢ikisina paralel olarak
baglanir [22]. Sekil 16°da filtre kondansatorleri ve hava
alma direnci baglanmig bir DA bara filtre devresi
verilmistir.

ug 0———

1
Y

usg O Uba —

Aded ]

DA bara filtre devresi

Sekil 16. Dogru akim bara filtre devresi

uT 0

3.3 Dogru Akim Bara Filtresi

OFDA-DNK transformatorii bir diisiiriicti
transformatordiir. Uygulanan disiik akimli yiiksek
gerilimi, donistiirme oraninda, diisiik gerilimli yiiksek
akima cevirir. Eviricinin H-koprii ¢ikisindan gonderilen
ve OFDA-DNK transformatoriiniin  primer bobinini
besleyen U, gerilimi ise OF AA kare dalga formunda bir
gerilimdir. Eviriciye uygulanan Up 4 gerilimi sabit kabul
edildiginde, transformatore gonderilen U,y geriliminin
yapist Sekil 17°deki gibidir [23].

u DA

UOF

Tkapali kapal kapali| kapal
fe—

0 | T4 T2 3T/4 T

T

agik Ta;lk Tac,uk T

agik

- UOF
Sekil 17. Kaynak transformatoriine gonderilen orta frekansl gerilimin

yapisl

Transformatoriin sekonder boliimiinde, Uyy gerilimi,
OF AAbir I, akimina doéniistiiriiliir. Transformatoriin iki
adet sekonder bobinini vardir. Cikisinda, her bir sekonder
bobinine bagli bir diyottan olusan tam dalga dogrultucu
bulunur. Transformator tarafindan iretilen I,r akimi,
diyotlarda dogrultularak, c¢ikista kaynak yiikiine
uygulanabilecek bir OFDA-DNK akimu elde edilir. Sekil
18’de  kaynak yiikkine baghh bir OFDA-DNK
transformatoriiniin esdeger devresi verilmistir [23].

R4 Ly N1 e

Sekil 18. Kaynak yiikiine bagli OFDA-DNK transformatoriiniin
esdeger devresi
Kaynak yiikiiniin OFDA-DNK transformatoriiniin
sekonder bobinine dogrudan baglantis1 durumunda yiike
uygulanacak OF AA akimin genligi, DNK amaciyla
kullanilamayacak kadar kiigiiktiir. Eklenen tam dalga
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dogrultucuyla, sekonder bobinlerinden goénderilen
akimlar dogrultularak, genlikleri arttirilir. Bdylece, elde
edilen OFDA akim, OFDA-DNK sisteminde
kullanilabilecek bir seviyeye yiikselir. Sekil 19°da kaynak
transformatoriinin OF AA sekonder akimi ile OFDA
kaynak akiminin yapis1 karsilagtirtlmigtir [23].

i
Orta frekansl dogru akim kaynak akimi

>t

Sekil 19. Orta frekansh alternatif ve orta frekansh dogru akim
karsilastirmasi

Kaynak transformatoriiniin  kullaniminda  dikkat
edilmesi  gereken bir nokta, demir c¢ekirdek
doygunlugudur. DNK transformatorlerinde, hava
bosluklu bir demir ¢ekirdek bulunur. Kaynak sirasinda
istenen akimi saglayabilmek i¢in, demir c¢ekirdek,
miimkiin olan en yiiksek B seviyesine ¢cikmalidir. Demir
¢ekirdek  doygunlugunda, gerekli B  seviyesine
cikilamamasi s6z konusu olabilir. Bu durumda, kaynak
akimi i¢in hedeflenen deger elde edilemez [24].

OFDA-DNK  sistemini  matematiksel  olarak
tanimlayan dort denklemden faydalanarak, demir
¢ekirdek doygunlugunun nedenlerini incelemistir [14-15].
Caligmalarinin sonucunda, kaynak transformatoriiniin
primer bobinine uygulanan Uy, gerilimin pozitif ve
negatif yarim periyotlar1 birbirine esit ve dengeli
oldugunda, demir c¢ekirdekteki doyma seviyesini
distirmektedir. Uygulanan Uyp geriliminin  yarim
periyotlar1 esit degilse, sekonderde dengesiz akim
iretilmektedir. Dengesiz akimlar transformatérde DA
bilesen olusturarak, miknatislanma akimlar1 iretir.
Miknatislanma akimlari, demir ¢ekirdek doygunluguna ve
akim artislarina sebep olur.

Alinmast  gereken bir Onlem, eviricinin H-
kopriisiindeki iki IGBT grubunu ayni T, stirede iletime
gegirip, aymt Tygpg, slirede kesime gotiirmektir. Yarim
periyotlarin tg, stirelerinde farkliliklar olmamalidir [14].
IGBT tabanli OF eviriciler, geligsmis kontrol yetenegi ve
verimliligiyle, yarim periyotlarda dikkat edilmesi gereken
konularda ve hassas akim ayar1 gerektiren ¢aligmalarda
tavsiye edilen bir ¢oziimdiir [25].

4 Orta Frekansli Evirici

OFDA-DNK sisteminde ti¢ fazli kdprii dogrultucudan
alman ve DA bara kondansatorleri tarafindan filtrelenen
Up, gerilimi, eviricinin H-koprii devresine gonderilir.
OFDA kaynak akiminin ayarlanabilmesi igin, 1000 Hz
frekansli DGM sinyalleriyle H-koprii devresi tetiklenir
[26].

4.1 H-Koprii Evirici Topolojisi
H-koprii devresi, S1-S4 IGBT gii¢ anahtarlari ve D1-

D4 ters paralel bagl diyotlardan olusur. Devrede S1-S4
bir grup, S2-S3 diger grup olmak tizere, IGBT ler ¢apraz

olarak gruplanir. Istenen kaynak akimim iiretmek igin
gruplar bir DGM yéntemiyle kontrol edilir. Tki grup ayni
anda tetiklenemez. Gruplar 180° degerinde ¢ ile
calistirilir. H-koprii devresi tarafindan iiretilen OF AA
kare dalga formunda U,z gerilimi, kaynak
transformatoriiniin primer bobinine iletilir. Sekil 20°de H-
koprii devresi verilmistir [26].

H-kopri evirici
+* 0—
S4 S,
K, K,
—p—0
Upa Uoe
—o0
S3 S4
3, k1,
- 0—

Sekil 20. H-koprii evirici topolojisi

Ters paralel diyotlara sahip IGBT gii¢ anahtarlari, gii¢
elektronigi doniistiiriiciilerinde yaygin olarak kullanilir.
Kap1 uglarina sinyal géndererek IGBT leri tetiklemek ve
gerekli izolasyonu saglayabilmek i¢in IGBT siiriicii
devreleri kullanilir. IGBT siiriicii  devreleri, Upy
geriliminden izole olarak IGBT’leri ¢alisma sinirlari
icerisinde stirer. IGBT tetiklendiginde, ters paralel diyot,
akima alternatif bir gecis saglar [27].

Kontrol sirasinda IGBT, ¢alisma araligina uygun bir
kap1 iletim gerilimiyle (Ug,y) tetiklenir ve iletime geger.
IGBT’nin kesime girmesi igin ise tetikleme geriliminin
sifira diistiriilmesi yeterli olmayabilir. Gerilim tam sifira
diisliriilemezse veya sifir gerilimde parazite bagh
dalgalanmalar varsa, IGBT tekrar iletime gegebilir. Bu
istenmeyen bir anahtarlama davramsidir. Onlem olarak,
IGBT, yine ¢alisma araligina uygun, negatif degerli bir
kap1 kesim geriliminde (Ug,rr) kapatilir. Boylece,
Ugoss un lizerinde parazit olsa da gerilim sifirm {izerine
¢ikmadik¢a IGBT iletime gegmez [28].

Eviricinin H-koprii devresinde IGBT’leri
calistirabilecek uygun bir IGBT siirlicii devresi
kullanildiginda, S; ve S, grubu tetiklendiginde eviricinin
cikiginda pozitif, S, ve S; grubu tetiklendiginde negatif
Uor gerilimi iretilir. Tiim IGBT’ler kesimdeyken yiik
uglarnda gerilim goriilmez. Farkli IGBT gruplarinda
bulunan IGBT’ler aym anda tetiklenirse, kisa devre
durumu olusur. IGBT’lerin zarar gérmemesi i¢in bu
durumdan kaginilmalidir. IGBT siiriicii devrelerinin kisa
devre korumasina da sahip olmasi onerilir [29].

Eviricinin DGM  kontroliinde, Uy, gerilimi
IGBT’lere Tjetim siire kadar uygulanir. Ug,, un aktif
oldugu bu siirenin anahtarlama sinyalinin periyoduna
orani, (10)’daki gibi ylizdeye gevrildiginde, gorev orani
(%D) olarak adlandirtlir.

%D = Tt 100 (10)

International Journal of Innovative Engineering Applications 5, 2(2021), 225-236

233



C. Ozensoy and M. Uyar

Burada Tiletim, anahtarm iletimde kaldig: siireyi, T ise
anahtarlama periyodunu temsil eder. Pratikte bir gii¢
anahtarinin iletime gegmesi ya da kesime gitmesi i¢in
belirli bir siire gereklidir. Bir anahtar kesime gotiiriliip
baska bir anahtar iletime gegirilirse, tetikleme zamanlari
arasinda kisa devre meydana gelir. Bunu 6nlemek igin 61
zaman (Tq) denilen bir siire birakilir. DGM kontroliinde
T; degerinin artmasi, kisa devre riskini azalsa da
gereginden fazla arttiginda, diretilebilecek maksimum
kaynak akimini azaltir. Bu yiizden, iiretilecek en yiiksek
kaynak akimi i¢in optimum bir T,; degeri belirlenmelidir
[30].

Sekil 21°de H-kopriisiinde IGBT’lere
uygulanabilecek DGM sinyalleri verilmistir [30]. H-koprii
devresine uygulanan DGM sinyallerinin D degeri arttikca,
OFDA-DNK sisteminin kaynak akimi artar. Diisiik
kaynak akimlarinda D degeri azalir, bdylece T, artar. Ote
yandan, T;’nin Uy Ve I, lzerinde bozucu bir etkisi
vardir. D’nin dogrusal olarak arttirilmasi durumunda,
tiretilen I, ve kaynak akimindaki artis dogrusal degildir
[31].

US1 Sa Tevirici

Taclk Tkapall Tac;|k Tkapall Taqlk Tka pall Ta(;uk

Us, 8
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IR - — - — e S
Ta Ta T4 Ty Ty T4 T4

Sekil 21. H-kopriisiiniin darbe genislik modiilasyonu sinyalleri

OFDA-DNK sisteminde, eviricinin g¢alismasinda,
yarim koprii evirici igin yapilan ¢alismayla benzer sekilde
dort durum vardir [32]. Birinci durumda, S; ve S,
IGBT’leri iletime geger, S, ve S; kesimde kalir.
Transformatoriin primer bobinine, pozitif Up, gerilimi
iletilir. Primer bobininden akan akimin yonii pozitiftir.
Sekonder bobininde iiretilen akim, Ds diyotu {izerinden
yiike uygulanir. ikinci durumda S; ve S, kesime girer.
Transformatdrde primer ve sekonder bobininde gerilim
sifira diiser. Transformator iizerinde kalan miknatislanma
akimi, sekonder boliminde tam dalga dogrultucu
iizerinden yiike aktarilir. Ugiincii durumda, S, ve S,
IGBT’leri iletime geger, S; ve S, Kkesime girer.
Transformatdriin primer bobinine, negatif Up, gerilimi
iletilir. Primer bobininden akan akimin yonii negatiftir.
Sekonderde {iretilen akim, Dg diyotu iizerinden yiike
uygulanir. Dordiinci durumda S, ve S; kesime girer.
Transformatorde primer ve sekonder bobininde gerilim
sifira diiser. Transformator lizerinde kalan miknatislanma
akimi, sekonder boliimiinde tam dalga dogrultucu
iizerinden yiike aktarilir. Calismanin dort durumunda da
yiliklin lizerinden akan akim, transformatoriin sekonder
bobinlerinin ortak ucuna geri déner. DGM sinyalleri
uygulandigr siirece, durumlar periyodik olarak tekrarlanir.
Sekil 22°de OFDA-DNK sisteminde H-koprii eviricinin
¢aligma adimlar1 verilmistir.

H-kopriisii bir denetleyici tarafindan tetiklenerek
eviricinin ¢ikisinda 1000 Hz frekansli kare dalgalarin
iretilmesi saglanir. Yeterli diizeyde bir denetleyici olarak
TMS320F28069M  mikrodenetleyici  {initesi  &rnek
verilebilir [33]. TMS320F28069M, i¢ yapisinda bulunan
gelismis DGM birimi ile darbe genisligi dalga formlarini
olusturur. Olusturulan kare dalga formlari, dogrudan
IGBT  anahtarlama  elemanlarma  uygulanamaz.
IGBT’lerin iletime gegmesi i¢in pozitif Ug,,, geriliminin,
kesime girmesi icin negatif Ugorr  geriliminin
uygulanmasi gerekir. Skyper 32 Pro R gibi IGBT siiriicii
devreler, IGBT modiilleri ile denetleyici arasinda bir
arayiiz olusturarak bu doniisiim gereksinimini karsilar.
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Sekil 22. OFDA-DNK sisteminde H-kprii eviricinin ¢aligma
durumlari

IGBT’lerin DGM kontrolii sonucunda iiretilen Uyp
gerilimi, kaynak transformatdriiniin primer bobinine
gonderilir. Diisiiriici transformatoriin doniistiirme orant
dogrultusunda sekonder bobinlerinde iiretilen OF akim,
tam dalga dogrultucuda OFDA kaynak akimina
doniistiirtilerek yiike aktarilir. Yiike uygulanan kaynak
akiminin ise takip edilmesi gerekir. Kaynak akimu ile ilgili
geri bildirim alinmazsa, sistemde akim tiretilemediginde,
kontrol birimi bu durumu tespit edemez. Sebeke ve DA
bara dalgalanmalar1 gibi sebeplerle Uyp geriliminde
olusabilecek bozulmalar da disiiniildiigiinde, akim
kontrol edilerek kaynak sirasinda D degeri anlik olarak
giincellenebilmelidir.

Geri bildirim almarak sabit tutulmasi hedeflenen
veriye gore, sabit gerilim modu (SGM) ve sabit akim
modu (SAM) olarak isimlendirilen farklt kontrol
yontemleri gelistirilmistir. Bu yontemlerden, SAM
oldukca giivenilir ve kararli olmasindan dolay1 daha fazla
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tercih edilmektedir. SAM, OFDA-DNK tarafindan yiike
uygulanan kaynak akimmin sabit tutulmasini saglar.
Kaynak sirasinda akim bilgisi alarak verileri karsilastirir.
Karsilastirma sonucunda belirlenen fark dogrultusunda,
AA-DNK sistemlerinde «a agisini, OFDA-DNK
sistemlerinde DGM kontroliindeki D degerini giinceller.
SAM kontroliine akim bilgisinin aktarilabilmesi i¢in, geri
bildirimi  saglayabilecek bir akim Ol¢iim sistemi
gereklidir. Bu  Olgiim  i¢cin, Rogowki  bobini
Onerilmektedir.

5 Sonuglar

Bu c¢alismada, bir OFDA-DNK sisteminin tim
bilesenleri incelenmistir. Ayrica geleneksel AA-DNK
yontemlerine ~ gére,  OFDA-DNK  sistemlerinin
ustiinliikleri karsilagtirmali  bir sekilde sunulmustur.
Karsilagtirmadan elde edilen Onemli bazi sonuglar
maddeler halinde sunulmustur:

e OFDA-DNK sisteminin frekans1 1000 Hz
oldugundan  daha  kiicik  boyutlu  kaynak
transformatorii kullanilir.

e  Kaynak akiminda daha hizli ayar yapilabilir.

e OFDA-DNK sistemlerde kaynak akiminin tepe
degerlerini diistiktiir.

e Diislik akimlarda OFDA sistem, AA sistemden daha
fazla kaynak noktas1 tiretmektedir.

e AA sistemde harcanan enerji OFDA sistemden daha
yiiksektir.

Ayrica OFDA-DNK sistemin bilesenlerinden biri
olan OF eviricinin ¢alisma diizeni ayrintili bir sekilde
ifade edilmistir. Elde edilen sonuglara gore, OF eviricinin,
H-kopriilerinden olusan sirt sirta bagl modelinde, gerek
devre elemanlarinin az olmasi, gerekse yapisinda sadece
yariiletken ~ elemanlar1  barindirmasi,  topolojinin
modiilasyon tekniklerine uyumlulugunu arttirmaktadir.
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Abstract

Original scientific paper
In existing buildings, it may be necessary to repair, adapt, renew, relocate or demolish buildings and building parts that have come to the
end of their usage period due to spatial, functional, technical and economic obsolescence. After the necessary applications to extend the
service life of buildings, it is of great importance to analyze the dynamic behavior of buildings under soil-structure interaction and
earthquake loads and to obtain accurate results. In this study, the seismic soil-structure interaction of the historical Sungur Bey Mosque,
which was first built in 1577 but was disassembled, moved and rebuilt in another area (relocated) in order to preserve its historical and
cultural values and extend its service life, was examined. The analysis of the masonry structure that survived after the Sivrice (2020)
earthquake, where the great loss of life and property occurred, was carried out with the PLAXIS 3D software program. The real record of
the Sivrice NS (2020) earthquake was used in dynamic analysis. Local soil properties obtained as a result of field investigation studies
were utilized in numerical modeling. Depending on the result of the analyzes, the effects of soil-structure interaction on a reconstructed
historical masonry structure were examined. The results obtained from the analysis showed that the local soil conditions have an

amplification effect on seismic waves that may induce structural damages in prospective seismic events.

Keywords: Relocation, masonry structure, earthquake, soil-structure interaction, PLAXIS 3D.

1 Introduction

Functional, technical and economic obsolescence
occurs when certain performance characteristics of the
building and its parts remain below a certain level of
service value during their lifetime. In such a case, the
building and its parts cannot meet the expectations and
requirements in the face of changes and developments in
technological, intellectual, visual, social, cultural,
aesthetic, environmental and economic conditions. In
order to create more sustainable environments, various
recovery possibilities have been arranged for buildings
and building parts that have reached the end of their
lifetime.

Relocation within the established hierarchy of
recovery possibilities enables the building system to be
reused. At the same time, especially when relocation is
applied in historical buildings, it helps to keep social and
cultural values alive and transfer them to the future. The
relocation of historical buildings takes place in line with
social and environmental needs such as changes in
building owners and user needs, climate changes and
natural disasters, the ground structure they are located in,
public investments (road, dam, etc. construction
decisions), legal regulations.

Relocation is accomplished by removing existing or
historical buildings from their current locations and

* Corresponding author.
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transporting them to their new predetermined locations.
Relocation is done in three different ways:

e Relocation as a whole/ intact move

o Complete disassembly

o Partial disassembly

Factors such as the distance from the place where the
building is located and the area to be moved, construction
technique, mass weight, plan scheme and transportation
cost are effective in the selection of the method to be used
for relocation. Regardless of the method to be applied, the
relationship between soil-structure and earthquake loads
after displacement is important for the long-term
durability of structures. The relationship between soil-
structure and earthquake loads should be examined by
making detailed analyzes for the assessment of the long-
term performance of historical buildings, especially
before they are moved to their new location.

In this context, the soil-structure relationship of
Sungur Bey Mosque, a historical building with masonry
structure, which was relocated in another area, was
examined in this study. Since the first day it was built, it
has been exposed to many large and destructive
earthquakes. Finally, on January 24, 2020, the structure
experienced an earthquake with a magnitude of Mw 6.8,
the epicenter of which was Sivrice, Elazig. The main
reasons for considering the historical Sungur Bey Mosque
within the scope of the study are that;
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e It represents an important historical and cultural
richness with its four centuries of history,

e It is a transported structure and its structural
performance on local soil conditions is worth
examining,

e Except for some structural deflections observed, it has
not lost its structural performance under static and
dynamic loads throughout its life.

Within the scope of the study, information about the
period when the Sungur Bey Mosque was first built, the
reason for moving, the process of moving and the
interventions after the move was obtained as a result of a
comprehensive literature search. In order to determine the
structural and spatial characteristics of the current state of
the building, first observational and then technical
fieldwork was carried out. The general structural
problems of the building were determined in the
observational field study. As a result of the study, it was
thought that the visible deviation, especially in the mosque
minaret, would cause an important structural problem.

In the technical field study, a simple survey of the
building was prepared in order to determine its spatial and
structural dimensions. The deviation determined in the
minaret section was measured using the total-station
device. By using the structural and the soil investigation
data the model of the mosque was developed using
PLAXIS 3D software program and the soil-structure
interaction was analyzed.

2 Case Study (Sungur Bey Mosque)

After the construction of the Keban dam,
archaeological excavations, surveys and restoration work,
ethnography, folklore and music researches were carried
out between 1965 and 1975 in cooperation with
universities and official institutions in the settlements that
were flooded by the dam. During the works carried out
before the construction of the dam, the Sungur Bey
Mosque (Baysungur Mosque), which is the subject of the
article, was included among the historical structures that
needed to be preserved. Afterward, the survey and
determination works of the mosque were carried out on
03.07.1969 and 15.08.1969 by the survey teams of the
Restoration Department of the Middle East Technical
University and the General Directorate of Foundations. As
a result of detailed research, it was decided to protect the
Sungur Bey Mosque by moving it to another place [1].
With the transfer of the mosque to its present location in
1971-1973, it was the first time a building of this size was
relocated in Turkey with the cooperation of universities
and official institutions.

In the light of these developments, it was decided to
move the building using the dismantling technique with
the help of numbers. Before dismantling, the survey of the
building and its surroundings was performed, and all the
building components were numbered. During
dismantling, simple hand tools such as picks, hammers
and crowbars were used. The use of lime mortar in the
stone masonry provided great convenience in removing
them one by one.

It is stated on the inscription in the Harput museum
that the mosque was built by Sungur Bey between 1572-
1577. The mosque was originally built on slightly sloping

land on the northeastern skirts of the Pertek castle on the
edge of the Murat River. (Figure 1) [2]. With the
relocation decision, the mosque was rebuilt in Pertek
District, at the exit of Elazig highway, on a sloping land
descending from north to south. (Figure 2). There is an
elevation difference of 2.83 m between the north and
south points of the land where the mosque is newly
located.

Figure 2. Current location of Sungur Bey [4].

In the center of the mosque, there is a single domed,
square planned prayer hall with dimensions of 10.50 x
10.50 m. In the prayer hall, there are plastered rubble
masonry walls with a height of 3.50 m from the ground
and a thickness of 0.9 — 1.10 m. The strums carried by the
masonry stone walls bordering the prayer hall are limited
by a pointed arch. An octagonal surface was used in the
transition to the dome. The width of the dome in the prayer
hall is 9.80 m and its height is 11.40 m from the ground.
There are many windows on each facade, two on the lower
part, one on the upper part (except for the north facade),
and one on each facade of the octagonal drum. [5].

In the northern part of the building, there is a narthex
with a width of 12 m and a depth of 4.50 m. The east and
west facades of the narthex are closed, and there are three
domes with pendentive passages on them. There is a 29.00
m high minaret, which rises on a pedestal measuring 3.00
x 1.80 m, located in the north-west of the mosque. The
east, west and south facades of the mosque are
symmetrical and were formed with lime mortar between
the rough rubble stone walls. The walls of the northern
fagade were built with cut stone.
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Various maintenance and repairs were carried out by
the General Directorate of Foundations in 1977, 1978,
1981, 1987-1988 in order to eliminate the damages caused
by environmental and structural effects after the relocation
process. Within the scope of the study, it was determined
that there were some assembly and structural problems in
the mosque.

Assembly Problems: The decorations on the crown
door of the mosque also showed defects in application and
workmanship (Figure 3). In addition, some gaps were
found in the joint fillings between the decorations.
Especially as a result of the repetitive temperature changes
of the settlement area, regional defects may occur in the
decorations. In addition, significant manufacturing
defects were detected at the stone joints in the interior
(Figure 4).

Structural Problems: In the interior of the building,
there are deficiencies in the joint filling in a significant

Figure 3. Assembly problems of the crown door

Figure 5. An example for Insulation prom.

Structural damage to the architectural heritage is often
caused by the displacement of the earth’s soil, its
differential settlement, rotation of the structure or any
other effect of the interaction between the structure and
the soil [6]. Many analytical and experimental studies
have been carried out to determine the structural behavior
of historical buildings [7-19]. The most crucial part of the
studies be performed in this area is to evaluate the soil and
building behavior together. Otherwise, performing these
analyzes independent of the soil conditions may cause
possible soil amplification effects to be neglected
especially for dynamic cases.

The behavior of the structure under the earthquake is
affected by factors namely; source effect, path effect, local

part of the arch elements. In addition, insulation problems
and plaster spills were detected in certain areas on the
walls, under the windows and inside the dome (Figure 5).
If preventive measures are not taken, this may lead to
significant structural problems in the future. There are
cracks in the lintel above the window that is suitable for
capillary and development (Figure 6).

Significant deflections were detected on the basis of
the single-story WC structures, which were built
separately in the mosque yard. It is thought that this
situation occurred as a result of differential settlements on
the ground. In the body of the mosque minaret, a visible
deviation from the vertical axis is observed at the exit
level of the roof of the prayer hall. It is thought that this
deviation will cause an important structural problem in the
future. However, there is no clear information about
whether this deviation occurred after the earthquake.
(Figure 7).

Figure 6. Cracks in the lintel above the window.

soil conditions, and soil-structure interaction. The source
effect is generally considered to be the fracture
mechanism, the distance to the fault, and the earthquake
magnitude. Earthquake waves, on the other hand, reach
the soil surface by passing through different rock
formations, and in some cases are changed by soil layers.
With this change, seismic waves may amplify or
deamplify up to 4-5 times. As a result of these effects,
upper structures will be exposed to extreme earthquake
forces. Therefore, soil-structure interaction (SSI) analyzes
are of great importance in simulating the real behavior of
structures under earthquake motions. In general, the SSI
analysis has been performed under two categories namely;
substructure and direct method. Both of these methods
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aim to overcome nonlinearity problems. According to
Menglin and Jingning [20], this interaction may become
evident in three ways; i. In particular, the fundamental
period will lengthen and the rigid body motion of the
structure will change, ii. The overall damping of the soil-
structure system increases, iii. It will change free-field
ground motion.
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Figure 7. Deviation observed in the minaret.

Studies on soil-structure interaction were conducted
by several researchers [21-27]. Ivanovic [23] performed
3D finite element analysis of a seven-story reinforced
concrete building supported by the piled foundation on
loose soil. Effect of the load magnitude and
length/diameter ratio on pile response and pile head
displacement subjected to harmonic loads revealed as a
result of finite-difference numerical analyses performed
by researchers [24]. Torabi and Rayhani [25] utilized
FEM models to investigate the effect of site response and
seismic soil-structure interaction on the performance of
structures. It was demonstrated that the greater values of
aspect ratio and structure-foundation relative stiffness
ratios may lead structure vulnerable to the inertial soil—
structure interaction. A set of factors depending on the
structural abrasion of masonry foundations were proposed
utilizing 2D FEM models [26]. Gouasmia et al. [27]
developed analytical models of a 5 story reinforced
concrete building to investigate soil-structure interaction.
Allowing the structure to slide or uplift has not changed
on measured acceleration or displacement whereas the
base shear and overturning moments reduced 74%.
Kavitha et al. [29]. investigated the dynamic behavior of
a pile embedded in various types of soil using PLAXIS 3D
finite element software. It has been revealed that the
dynamic response is dependent on the frequency and
stiffness ratio. As a result of a set of FEM analyses of a

historical masonry church performed using the PLAXIS
3D software program, the humidity problems are
attributed to subsurface water rise, and the damages on
brick walls are explained with the consolidation
settlement of the soil occurred after earthquakes [6].
Bovolenta and Bianchi [30] developed a 3D model of a
village subjected to slope movements and a historical
church. The soil movement that caused damages to a
historical church is validated by FEM analysis. The
dynamic soil-structure interaction of a railway bridge was
investigated and it has been revealed that the adjacency of
the fundamental frequencies of the structure and soil
strongly influences soil-structure interaction [31].

The purpose of the current study is to develop 3D FEM
model of the historical masonry Sungurbey Mosque, to
investigate dynamic soil-structure interaction considering
local soil conditions. The main motivation for the analysis
is to simulate the seismic soil-structure interaction under
local soil conditions of a reconstructed masonry structure
in an area with high seismic activity intensity with the
same structural elements after being moved. The analysis
is accomplished by the HS small soil model which is a
refined version of the hardening soil model for modeling
soil behavior within the small strain ranges. The soil
profile was modeled using site investigation data. In the
dynamic analysis, the Sivrice (2020) earthquake record
was used, the epicenter of which is very close to the
location of the mosque (i.e. 60 km). The response of the
building was evaluated in terms of accelerations and
lateral displacements.

3 Seismicity and Local Soil Conditions

Pertek is located between the two most important seismic
belts of Turkey, the East Anatolian Fault Zone (EAFZ)
and the North Anatolian Fault Zone (NAFZ). Among
these belts, the East Anatolian Fault Zone (EAFZ) is a 580
km long left-lateral strike-slip fault zone extending in NE-
SW direction between Karliova and iskenderun Bay in
eastern Turkey. It lies along the border between the
Anatolian Plate and the Arabian Plate. The Eastern
Anatolian Fault starts from the Maras Triple Junction at
the northern end of the Dead Sea Fault Zone (DSFZ) and
runs in the Northeast direction and ends at the Karliova
Triple Junction. Another important fault system is the
NAFZ, which runs east-west. The NAFZ is an 1100 km
long right-sided and strike-slip active fault line, starting
from Karliova in the east and extending to the Biga
Peninsula and Saros Bay in the west, with a length of
approximately 1200 km and intersecting the north of
Turkey. [31-34]

As a result of the researches carried out in recent
years, a fault with a lateral continuity in the topography
has been mapped around Pertek [35]. The findings suggest
that the Pertek fault is located in the compression zone
between Erzincan, Karliova, and Elazig, bounded by the
NAFZ to the north and the EAFZ to the east. The fault
extends south-east and north-west direction and is
approximately 40 km long. The southeast extension of the
fault is under the Keban Dam Lake, while the northwest
extension is damped along the Kinzir creek in the
northwest of the Gokge district (Figure 8). The seismic
hazard map of Turkey is presented in Figure 9
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In the investigation area, 4 boreholes with a depth of
20 m and 3 Multi Analysis Surface Wave (MASW) tests
were carried out. As a result of the field investigations,
artificial fill layers up to 0.50 m depth from the ground
level and clayey gravel and clayey sand units at different
levels up to 40 m depth were encountered. Gravel and
sand contents differ in lateral and vertical directions. The
groundwater level is below the bottom of the borehole.

BX-3

The Vsz wave velocities of the Quaternary units in the
study area were measured as low in the upper layers and
high in the deeper layers. When Vs wave velocities are
measured as 430 m/sec on average, soil class is defined as
C according to the NEHRP soil classification system. The
soil parameters are summarised in Table 1. The idealized
soil profile with the SPT and MASW test results is
depicted in Figure 10.
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Figure 10. Idealized soil profile
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4  Numerical Model and Analysis

The effects of local soil conditions on structural
performance have been observed once again in recent
earthquakes. Therefore, PLAXIS 3D finite element
program, which is software with a high ability to analyze
dynamic soil behavior, was used for soil-structure
interaction analysis. The hardening soil model is an
advanced model for simulating soil behavior. It assumes
the elastic material behavior during unloading and
reloading. However the strain range of the elastic soil is
very small, therefore, the HS small soil model in which
the very small-strain soil stiffness and its non-linear
dependency on strain amplitude are taken into
consideration is adopted as a soil behavior model. The HS
small model requires defining reference stiffness modulus
for first loading (Eso, ref), reference Young’s modulus for
unloading (Eur, rer), and oedometer modulus (Eoed, ref).
However, these parameters were numerically calculated
by assuming the power for stress level dependency of
stiffness, m as 0.70 since there is a lack of laboratory tests.
The reference shear strain (y .;) and shear modulus (Grer)
were used as 15.10° and 300.000 kN/m?, respectively.
The area of the model has been determined as 60*60 m
wide in order not to be affected by the limited zone of the
soil as stated by researchers that may capture non-linearity
problems related to soft soil conditions [40]. Standard
fixities were adopted at the boundary to fix the bottom in
all directions. The geometry of the model is divided into
volume elements and compatible structural elements. The
element distribution was set to medium in the mesh
generation menu. Since the total area of the model is
enough large, the finer mesh size was not preferred to
avoid very long calculation times (Figure 11). The
calculation process consists of the initial conditions,
simulation of the construction of mosque, loading, free
vibration, and earthquake analysis phases, respectively.

The earthquake record with a magnitude of My, 6.8, which
happened at a depth of 8.06 km in Sivrice (EW), Elazig on
January 24, 2020, was used as input motion in the
analysis. The details of the earthquake are given in Table
2. The record has measured by the TK2308 Sivrice station.
To get rid of the noise contamination portion of the record,
high pass and low pass filters were applied as 0.1 Hz and
25 Hz low and high cut-off frequencies, respectively. In
this way, the signal-to-noise ratio (SNR) remained above
3. This evaluation regarding the determination of cut-off
frequencies was carried out on the FAS belonging to the
earthquake record. The acceleration-time history of the
record is given in Figure 12. The partition and load-
bearing walls of the mosque, except for the dome, are
designed as limestone, which is used as a natural building
stone in a significant part of the historical buildings in
Turkey. Stone samples have been collected from different
locations in the structure of Sungurbey Mosque and the
physical and mechanical testing have been achieved in the
Ar Alg1 Laboratory in Elazig by authors. The engineering
properties of the stone are determined by laboratory tests
and summarised in Table 3. Considering the laboratory
test results, the self-weight of the structural elements was
considered in the analysis during the construction phase.
The masonry structure of the mosque was modeled using
a solid element module. The mosque was modeled using
frame elements for stone columns and shell elements for
the ceilings. The domes are modeled as shell elements.
The foundation is designed as a continuous with a
thickness of 1 m. The material properties of the model is
summarises in Table 4. All the graphical demonstrations
were made for selected nodal points from different heights
of the model and soil profile. The origin of local
coordinates for the developed model is defined as front-
left corner point as Node 0. Each of the selected nodal
points and their local coordinates were summarised in
Table 5 with a schematical demonstration of the mosque.

Table 1. Soil parameters used in numerical modelling

Layer Depth (m) v (KN/m?) Eso ref KN/m?) C ref (KN/m?) ¢ (°) Vur Vs (m/s)

Topsoil 0-0.50 16 10000 40 5

Brownish clayey 0.50-2.0 16 15000 44 5

gravel

Medium plasticity 20-4.0 17 15000 47 5

dark brown clay

0.2 430

Clayey gravel | 4.0-5.0 17 20000 44 5

Dark brown clayey 5.0-13.5 17 20000 55 7

sand

Clayey gravel Il 13.5-20.0 18 30000 55 7

Table 2. Details of the applied earthquake motions

Earthquake Date Station Name Magnitude Component PGA (cm/sec?)

Sivrice, Elazig 24.01.2020-17:55 (GMT)  Sivrice (2308) 6.8 (Mw) E-W 292.80 (0.30 Q)
N-S 235.79 (0.24 g)
u-D 178.58 (0.19 g)
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Figure 11. Meshed view of the model Figure 12. The acceleration time history of Sivrice EW (2020)
earthquake
Table 3. Average material properties of limestone
Gs Wa n Oc¢ Ot E
Sample (gler) (%) (%) (MP3) (MPa) (GPa)
Limestone 2,68 2,93 0,11 94 11,45 30
Table 4. Material properties of the structure
Parameter Foundation Structure
EA (KN/M) 13.000.000 850.000
El (kNm?/m) 2.000.000 70.000
w (KN/m/m) 20 15
v 0.0 0.0
o 0.23 0.23
B 0.008 0.008
Table 5. The local coordinates selected nodal points on the mosque model
Nodal X Y Z Node 119 —
Points (m) (m) (m)
Node 836
0 0 0 0 Node 912 — ‘:‘
Node 3667 — | |
836 14.90 4.40 5.30
3667 11.40 2.60 6.74
912 7.45 11.20 10.40
119 14.10 6.20 26.4
54 42 28 0

5 Results and Discussion

Acceleration spectra were obtained as a result of
analyzes for the base of the soil profile (i.e. Node 131),
ground surface (i.e. Node 54), the top level of the main
dome (i.e. Node 912), and minaret flag level (i.e. Node
119) defined for 5% damping ratio is given in Figure 13.
While the spectral acceleration values at the level of the
soil profile defined at a depth of 40 meters from the
ground level were in the order of 0.50 g, this value was
calculated as 0.55 g with an increase of 10% at the ground

level. If the investigation area is located on the bedrock or
if the stiff soil layers are close to the surface, the effect of
the local soil conditions is much smaller than the source
effects. However, in such soft soil layers, earthquake
waves are significantly affected by the properties of soil
environment and significant increases in amplitudes may
occur. The amplification effect observed here on
earthquake waves is attributed to clay units with lower
density and stiffness at different depths.

The spectral accelerations of varied damping ratios
for nodal points selected from different heights of the
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mosque are given in Figure 14. The natural period of the
considered nodes is around 0.5 sec. As the height of the
selected nodes increases, the amplitude of the calculated
spectral acceleration gets higher values at each damping
level. The spectral acceleration for the Node 119 which
represents the flag level of the minaret is calculated as
2.3g. Considering the whole masonry structure, it is likely
that the acceleration values calculated at these levels at the
end of the analyzes may normally cause destruction,
especially for the minaret, which is vulnerable to damage
in seismic conditions due to its height and structural
features. According to the literature studies, minarets are
at the limit of collapse in terms of tensile stresses. The
main reason for this is that the tensile stresses are
concentrated in the transition region of the minaret.
Because in this region, the cross-sectional area is
considerably reduced in the transition from square section
to circular section [40]. In addition to these structural
features of the minarets, the amplification effects due to
soft soil conditions compel these structural elements to

25
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damage in seismic conditions. In this case, it is assumed
that the acceleration value calculated at the bottom of the
soil profile is amplified as a result of soft clay layers.
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Figure 13. Response spectrum of various nodal points of structure and

soil profile
25
Node 912 ——0 % Damping
——2 % Damping
——5 % Damping
. 204 10 % Damping
2
c
0
O 154
o
[V
(5]
o
[
O 1,04
kil
[}
o
(%)
0,54
0,0 T T T T T T T T T T
0 1 2 3 4 5 6
Periyod (sec)
25—
Node 836 —— 0 % Damping
—— 2 % Damping
. —— 5 % Damping
A 0, .
5 10 % Damping
=
=l
O 154
Q
]
(5]
[}
[u]
T 10
k]
]
Q.
(%]
0,5
0,0 v T g T T T T T y
0 1 2 3 4 5 8

Periyod (sec)

Figure 14. Response spectrum of selected nodal points on mosque model

The numerical model of the structure is subjected to
Sivrice 2020 earthquake and the measured acceleration
time history for selected nodal points is presented in
Figure 15. The nodal points were selected from different
heights of the numerical model in order to measure the
effect that occurs at different heights of the structure. The
PGA value of the applied earthquake motion is 0,29 g (293

cm/sec?). The nodal points of 836 and 3667 represent the
center of the semi-dome and the pulpit of the minaret,
respectively. The PGA measured by the specified those
two nodal points was measured as 0.22 g. Besides that, the
PGA value of the central dome was measured as 0,24 g.
The PGA value of the flag which is the highest level of the
minaret was measured as 0,36 g. It is seen that the
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acceleration values increase as the considered nodal points
get higher in terms of their elevation with respect to the
base of the structure. The deflection observed on the
minaret are attributed to the amplified accelerations along
the cross-section.

The displacement time history of the selected nodal
points is demonstrated in Figure 16. The maximum lateral
displacement for Nodes 836, 3667 and 912 is calculated
lower than 1 cm. However, the maximum lateral
displacement calculated at the flag level is measured as 13
cm. Indeed, total station measurements made in the field
also confirm the lateral displacement (i.e. 11 cm) from the
vertical axis at the flag level of the minaret, which was
obtained from the numerical analysis. However, there is
no clear information about whether the displacement
immediately occurred after the Sivrice 2020 earthquake.
What is clearly known about this is that the horizontal
displacement in the minaret does not progress over time
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with the measurements made at intervals. Figure 17
demonstrates the geometry and FE discretization of the
3D model and the deformed mesh of the analyzed model.
The maximum vertical displacement is obtained as 10 cm.
The calculated vertical displacement can be considered as
a cause of vertical cracks formed on the structural
elements and their progression throughout its service life.
The subsurface soil conditions of the mosque consist of
multilayers of soft clay mixed with sand and gravel. The
vertical displacement under seismic loading is attributed
to the lower stiffness of soil layers. The increasing
stiffness and shear strength of soil as a result of seismic
shaking are referred to as influencing factors on seismic
settlement. The earthquake shaking caused densification
of soil having less relative density results as seismic
settlement. The HS model, precisely because of this
reason, is utilized for the investigation of soil behavior for
small strain ranges.
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Figure 15. Acceleration time history of the selected nodal points
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Figure 17. Total vertical displacement distribution of the numerical model

International Journal of Innovative Engineering Applications 5, 2(2021), 237-249

247



O.Yildizetal.

6 Conclusion

Historical monuments serve as a part of the cultural
heritage of societies. The measures and activities to
protect them are in the public interest. In this study, the
seismic soil-structure interaction of the historical Sungur
Bey Mosque, which was first built in 1577 and
dismantled, moved, and rebuilt in another area, was
investigated. In this context, firstly, the survey and
architectural drawings of the historical mosque were
examined, and the geological investigation of the area was
evaluated. PLAXIS 3D finite element software, which is
frequently used by researchers in the modeling and
analysis of earth structures, and for soil-structure
interaction problems with its 3D version, was adopted.
Sivrice 2020 real earthquake record was used in the
analysis and the results were evaluated in terms of
acceleration and displacement. The findings obtained are
as follows;

e Local soil conditions, mostly composed of soft clay
units, showed amplification effect on seismic waves.

e The earthquake waves propagating from the bottom
level of the soil profile to the ground level, amplified
by 10%.

e Spectral acceleration values measured at different
heights of the building show significant increases
especially at the minaret flag level.

e As a result of the analyzes, the horizontal
displacement of 13 cm measured at the flag level of
the minaret is in significant agreement with the site
measurements.

e When the structural defects observed in the masonry
Sungurbey Mosque, which was moved from its
original location and rebuilt with the same materials,
are evaluated together with the amplification potential
of the local soil conditions, it has revealed that there
is a potential to cause significant damage in the future,
especially under seismic effects.
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