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SIMULATING THE YIELD RESPONSES OF SUGAR BEET TO
DIFFERENT CLIMATE CHANGE SCENARIOS BY LINTUL-
MULTICROP MODEL

Ali Kaan YETIK'*, Tefide KIZILDENiZ?, Zeynep UNAL!

INigde Omer Halisdemir University, Faculty of Agricultural Sciences and Technologies, Department of Biosystem Engineering, 51240,
Nigde, Tiirkiye

Abstract: Sugar beet is an essential crop for the sugar industry that have a very crucial role in agro-industry of Tirkiye and Konya
ranks first in terms of total sugar beet production and harvested area. The predictions, that the world's human population will reach 9
billion by the end of the current century and that demand for food will increase, are forcing farmers for the decision to search for new
areas for agriculture or choose the crops that will be most productive in already cultivated lands. The aim of this study was to apply the
LINTUL-MULTICROP Model for investigating the adaptation of sugar beet for the current climatic conditions and for climate change
scenarios to show the response of sugar beet to an increase level of carbon dioxide and temperature. Four different scenarios were
compared to check the effects of the climate change on sugar beet farming in the semi-arid Konya Region as followings: i) scenario (a)
is the current climate conditions; ii) scenario (b) is the average temperatures increased 2 °C, iii) scenario (c) is 200 ppm increasing
atmospheric CO2; iv) scenario (d) new optimum sowing and harvest dates in sugar beet farming and increased temperatures and
atmospheric CO; amount were simulated together. The optimum sowing and harvesting dates of sugar beet were moved 13 days back
for sowing, and 8 days forward for harvesting. The highest yield was estimated under conditions of 2 °C and 200 ppm increased
atmosphere temperature and CO2 levels with new sowing and harvest dates. The yields under irrigated conditions varied between 74.4
t hat! and 111.2 t hal. The irrigation water requirements of sugar beet were ranged from 618.8 mm to 688.5 mm for different
scenarios. In conclusion, the cultivation of sugar beet tends to alter in semi-arid Konya environment.
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1. Introduction

The predictions, that the world's human population will
reach 9 billion by the end of the current century and that
demand for food will increase (Godfray et al,, 2010), are
forcing farmers for the decision to search for new areas
for agriculture or choose the crops that will be most
productive in already cultivated lands (Licker et al,
2010). Both cases will increase the yield, but water
scarcity and climate change are another issue that
farmers have to deal with, necessitating these decisions
to be taken more strategically (Howden et al., 2007).
Reliable local scale representation of crop growth and
yields by the imitation of atmosphere-soil-vegetation
interactions in managed area is essential for the correct
design and implementation of these strategies (Garcia-
Ledn et al, 2020). Crop modeling is a useful tool that
helps to understand how nature responses to given
inputs based on physiological knowledge of plant
processes (Akhavizadegan et al., 2021). Crop models can
be applied for research understanding, integration of
knowledge disciplines, site-specific
experimentation, yield analysis, yield forecasting, climate

across

change projections, scoping best management practices,
breeding and commercialization of a new cultivars
(Boote et al, 2013). Depending upon the purpose of
usage of crop models, they are classified as Empirical
models, Mechanistic models, Static and dynamic models,
Deterministic models, Stochastic models, Simulation
models and Optimizing models (Oteng-Darko et al,
2013).

Recent advances in statistical computing have led to the
emergence of more complex models that require large
amounts of data and limit their practical use, especially
considering the difficulty of obtaining local data.
According to studies in the literature, the general belief is
that the most efficient models do not have to incorporate
every plant development phase. For the time being,
Simple mechanistic models continue to be valuable for
answering particular concerns, especially when there is
insufficient data to run more complicated models (Cabral
et al, 2017). The main point of mechanistic models is to
explain what is happening in the system and how it is
happening. This can be done by repeating the same
calculation for selected crop and selected model, feeding
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with different parameter values and understanding crop
responsiveness to growth circumstances and assessing
their outputs in a variety of scenarios (Manschadi et al.,
2021).

LINTUL (Light Interception and Utilization) is one of the
mechanistic models, published by Spitters (Spitters,
1989) and Spitters and Schapendonk (Spitters and
Schapendonk, 1990), which computes dry matter
accumulation using solar radiation interception and
radiation use efficiency values. A first crop specific
version LINTUL-POTATO (Haverkort and Kooman, 1997)
included potato specific parameters and late was adopted
to various crops. In the previous studies Gimplinger and
Kaul (2012) to amaranth, Adiele et al. (2021) to cassava,
Kothari et al. (2022) to soybean and Viver (2022)
adopted the model successfully to the banana plant.

The crop model parameters that affect crop growth rate
and yield in most cases are location or variety specific
(lizumi et al,, 2014). To maximize production, the farmer
should select the crop that is well suited to local climatic
conditions. After the parameter values that affect crop
growth rate are inserted in model to find the most
suitable conditions a parameter calibration (i.e., change
of sowing date, irrigation regime) need to be done.
Calibration processes is done by running a crop model
multiple times in iterative way to find optimum values
for each parameter’s effect on crop model outputs
(Akhavizadegan et al.,, 2021).

Apart from whether the product can adapt to the current
climatic conditions, there is a need to know what the
yield will be in case of a change in climatic conditions in
the coming years. So, climate change impacts on shifting
planting seasons and water availability that might cause
yield reduction should be investigated to feed policy
makers with reliable data in interested regions.
Therefore, in this study the LINTUL-MULTICROP Model
was used to investigate the adaptation of sugar beet crop
for the current climatic conditions and for climate change
scenarios to show response of sugar beet to an increase
level of carbon dioxide and temperature.

2. Materials and Methods

2.1. Model Explanation

The first versions of the LINTUL-MULTICROP Model
programmed in Fortran was transcribed into MS-Excel by
Linus Franke, the University of Bloemfontein in South
Africa. Haverkort et al. (2013) and Franke et al. (2013)
carried out the first scientific research using this model.
The model requires three main data sets as input:
climate, crop and soil data. The first of these inputs is
climatic data including minimum
temperature averages (°C), precipitation (mm), solar
radiation (M] m-2 day-1) and monthly evapotranspiration
values (mm). The second input crop dataset includes the
dates of sowing and harvest (day), planting and effective
rooting depth (cm), dry matter concentration (%),
harvest index (%), sprout growth rate (Extension of the
below ground sprout per day-degree, mm/degree day),

and maximum

effective temperature sum between emergence and
100% ground cover (GC) (0-100% GC, degree day),
radiation use efficiency (RUE, g M]-1), minimum and
maximum temperature for the photosynthesis and
optimal photosynthesis (°C). Finally, for the soil input the
model has a default option for 9 different soil types with
different bulk densities, water capacities, wilting points
and available water contents and the user can easily
select from among the different variations. The LINTUL-
MULTICROP Model has several outputs. The model can
recommend adaptation strategies to climate change by
determining the growing period (days), days between
planting and emergence, between emergence and 100%
GC and between 100% GC and harvest. The irrigation
water requirements can be calculated by the model with
the data of precipitation and ETP. On the other hand, the
model can estimate the yield under irrigated and non-
irrigated conditions (t ha-1).

2.2, Study Site

The study was carried out for the Konya Province (37°41'
29" N, 33°14' 39" E; altitude 1016 m), located in Central
Anatolia, Tirkiye (Figure 1). The Konya Province is a part
of the Konya Plain (the second largest plain in Tiirkiye
after the Cukurova Plain) which supplies 17% of the total
agricultural lands of Tiirkiye. Sugar beet is an essential
crop in Konya Plain and the sugar industry has a very
crucial role in agro-industry of Tiirkiye (Zengin et al,
2003). Konya is the leading city in terms of total sugar
beet production and harvested area in Tiirkiye with 5
725 947 tons and 89 179 ha, respectively (TURKSTAT,
2022). Therefore, Konya was selected as study area of
this work for simulating sugar beet production for
Tiirkiye.

aph. |

Figure 1. The location of study area.

A semi-arid climate prevails in the region and the
average climate data from 1929 to 2020 and the monthly
crop evapotranspiration data (ETP) are given in Table 1
(TSMS, 2022).

2.3. Plant Material

Sugar beet, which is well adapted to the ecological
conditions of the region and has an economically critical
role in the region, was used as plant material. The input
crop data of LINTUL-MULTICROP model obtained from
various literatures was examine and given in Table 2.

2.4. Climate Change Scenarios

Four different scenarios were created to compare effects
of the climate change on sugar beet farming in the semi-
arid Konya Region (Table 3).
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Table 1. The long-term annual climate data of Konya Province (1929-2021)

Avg. min.

Avg. max.

Avg. mean

Avg.

Months temperature temperature temperature precipitation Radiation ETP

(M] m2 day-1) (mm)
Q) (9 Q) (mm)

January -4.2 4.6 -0.2 38.1 8.3 41.3

February -3.3 7.0 1.5 28.5 10.8 54.0

March -0.2 11.8 5.6 29.3 16.6 82.8

April 4.3 17.5 111 32.0 19.6 98.1

May 8.6 22.4 15.9 431 24.1 120.5

June 12.6 26.7 20.1 53.1 26.0 129.8

July 15.9 30.2 23.5 7.5 25.6 127.9

August 15.6 30.2 23.3 6.4 22.6 113.0

September 11.0 26.0 18.8 13.5 18.5 92.3

October 5.9 20.0 12.8 29.5 13.4 66.9

November 0.8 13.0 6.5 32.2 9.7 48.3

December -2.3 6.6 1.7 43.2 7.7 38.5

Average 5.4 18.0 11.7 29.7 16.9 84.4

Table 2. Input parameters for the model

Parameters Values References

Sowing date (days) 15/04 Petkeviciene, 2009

Planting depth (cm) 3 Acar, 2015

Harvest date (days) 28/09 Yetik and Candogan, 2022

Effective rooting depth (cm) 120 Jégo etal.,, 2008

Dry matter concentration (%) 24 Starke and Hoffman, 2014

Harvest index (%) 70 Mamyandi, et al.,, 2012

Sprout growth rate (mm degree day-1) 0.3 Durr and Boiffin, 1995

0-100% GC (degree day) 885 Noor and Khan, 2015

RUE (g MJ-1) 0.92 Kamali et al,, 2022

Temperature for the photosynthesis (°C) I\I\jl[;illnnll?:; 24 c

Temperature for the optimum Minimum 13.4 Terry, 1968

photosynthesis (°C) Maximum 38

Table 3. The climate change scenarios created for the

study

Scenario Explanation

a Current conditions

b Current mean temperatures 2 °C

c Current CO2 +200 ppm

d 2 °C, +200 ppm, new sowing, harvest dates

The first scenario (a) was simulated by the current
climate conditions for the Konya Province with the aim of
comparison, the second scenario (b) was run by the
future expectation in which the average temperatures
were increased by 2 °C degrees and the third scenario (c)
was increasing of atmospheric CO2 with 200 ppm added
to current 410 ppm which is another estimation for the
future and causes the increasing radiation use efficiency
of crops, and finally in the fourth scenario (d) new
optimum sowing and harvest dates in sugar beet farming
and increased temperatures and atmospheric CO:
amount were simulated together.

3. Results and Discussion

The growth season length simulations of the LINTUL-
MULTICROP for different scenarios are shown in Table 3.
In scenario (c), if 200 ppm is added to the existing
atmospheric CO2 amount, the new RUE value is
determined as 1.45 g MJ-! (Werker and Jaggard, 1998).
For the scenario (d), the new sowing and harvesting
dates were determined with the effects of increasing
temperature expectations (2 °C) on the growing period
as given in Figure 2. The optimum temperature for
photosynthesis (13.4 °C) was selected as a reference
temperature, considering minimum and maximum
extreme temperatures during the day and the dates are
shifting from 15t to 2nd April for sowing and from 28th
September to 6t October harvesting,
established (as demonstrated in Figure 2).

The growing period of sugar beet cultivated in semi-arid

for were

Konya environment determined as 166 days according to
model. Since sowing and harvesting dates were input of
the model, the total growing period was not changed
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except for scenario (d), but the 2 °C temperature increase
in scenario (b) provided sugar beet to reach maturity
stage earlier than in the other scenarios (Table 4). In
scenario (d), with the new sowing and harvest dates, the
stage between 100% GC and harvest was 14 days longer
than scenario (b) and 22 days longer than scenario (a)
and (c) (Table 4). Previous studies stated that the
adaptations including modifying sowing and harvest
dates might theoretically decrease the impacts of climate
change on agriculture (Mendelsohn et al, 1994;
Rosenzweig and Hillel, 1998; Challinor et al, 2014;
Battisti et al,, 2018; Rahman et al,, 2018; Pequeno et al,,
2021). Jones et al. (2013), reported that early sowing
may be possible in sugar beet, as a result of warmer
temperatures in Europe in March, according to HadCM2
Climate Model. Richter et al. (2006) stated that the
sowing date is a crucial parameter to reduce the
influence of climate change on sugar beet cultivation.
Alexandrov and Hoogenboom (2000) reported that
modification of the sowing date can decrease the adverse
impact of climate change on maize farming.

The determined yields and irrigation water requirements

by the model for different scenarios are given in Table 5.
The potential yields for different scenarios were varied
between 87.2 t hal! and 132.3 t hal, the yield for
irrigated cultivation values varied between 74.4 t ha'
and 111.2 t ha! and the yield for non-irrigated
cultivation between 43.8 t ha! and 61.7 t hal The
irrigation water requirements of scenarios (a,c), (b) and
(d) were determined as 618.8, 688.5 and 758.1 mm,
respectively.

When the yields of irrigated cultivation for different
scenarios are examined, it is seen that under current
conditions (scenario a) the yield for the irrigated
744 t hal (Table 5).
temperatures and RUE values resulted as an increase on
the yield of sugar beet for scenarios (b) and (c).

cultivation was Increasing

Additionally, the new sowing and harvesting dates
increased sugar beet yield in scenario (d) (49%).

In previous studies conducted under Konya conditions,
the ranges of sugar beet yields were reported as 35.3-
49.6 by Gezgin et al. (2001), as 52.3 - 93.1 t ha! by
Zengin et al. (2009) and as 28.1-77.3 by Topak et al.
(2011).

30
—— Current data
----- Expectation, +2 °C
25 | —— Reference temperature
© 204
g
5
5 15 4 .
Q Al -,
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2 10 ! !
2 | |
o | |
o
= B | |
< ° | |
| |
' :
m |
0 | I
|
| |
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Figure 2. Determination of new dates of sowing and harvest of sugar beet in Konya.

Table 4. Growing stages of sugar beet grown in different scenarios

Scenario A b c d

Days between planting and emergence 12 10 12 12
Days between emergence and 100% GC 66 60 66 65
Days between 100% GC and harvest 88 96 88 110
Growing period (days) 166 166 166 187

Table 5. Yield and irrigation simulations of different scenarios for sugar beet crop

Scenario a b c d

Potential yield (t ha) 87.2 92.8 112.9 132.3
Yield irrigated (t ha1) 74.4 78.6 90.1 111.2
Yield not irrigated (t ha'1) 438 453 57.1 61.7
Irrigation water requirements (mm) 618.8 688.5 618.8 758.1
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Tognetti et al. (2003) reported that the root yield of
sugar beet ranged from 40.2 t ha'1 to 78.70 t ha! under
Italy conditions. These results are in parallel with the
simulation results of scenario (a). Freckleton et al. (1999)
and Kenter et al. (2006) reported that high temperatures
tend to discourage yields of sugar beet. In our study as
the model tends to adapt to the effects of climate change,
it increased the amount of irrigation water. For this
reason, it is thought that there is no decrease in yield
despite the increase in temperature in scenario (b). The
yields under a higher RUE value in scenario (c) were
higher than the current conditions. Hoffman and Kenter
(2018), reported that RUE is one of the most important
parameters to achieve potential yield in sugar beet, and
with optimum RUE, a potential yield of 24 t hal can be
reached under Germany conditions. Yagiz et al. (2020)
reported a 42% increase in potential potato yield under
Konya conditions with the increase of RUE. Kamali et al.
(2022) determined statistically significant a linear
relationship between RUE value and root yield of sugar
beet. The simulation results for scenario (d) showed that
adaptation to climate change for sugar beet farming in
Konya can be provided by changing the sowing and
harvesting dates. The yield for irrigated cultivation
increased by 49% compared to current conditions.
Tingem and Rivington (2009) reported a 32.1% increase
in maize yield, a 17.6% increase in sorghum yield, and an
almost trebled increase in ground nut yield with the
effects of new sowing dates and increasing atmospheric
CO2 amount. Asseng et al. (2019) stated that higher RUE
and different sowing and harvest dates provide higher
yield and biomass growth in the models.

The irrigation water requirements were calculated as
618.8 mm for scenarios (a) and (c), as 688.5 mm for
scenario (b) and 758.1 mm for scenario (d). The
irrigation water requirements of sugar beet varied
between 70 mm and 912 mm under Konya conditions
(Stiheri et al,, 2007). Similar ranges were reported in the
previous studies. Topak et al. (2011) determined the
irrigation water requirements of sugar beet as between
244.2 - 977 mm under Konya climatic conditions. Koksal
etal. (2011) reported a range from 65 mm to 865 mm for
the irrigation water need of sugar beet in a semi-arid
Faberio et al. (2003) reported the
irrigation water need of sugar beet as 897 mm. In
previous modeling studies, Garcia-Vila et al. (2019)
reported the 700 mm for the irrigation need of sugar beet
by the AquaCrop Model. (2011),
determined the range of irrigation water requirement of
sugar beet as 586.8-767 mm with the AquaCrop Model.

environment.

Stricevic et al

4. Conclusion

Yield optimization is a very important parameter in
terms of the quality and economic value of the product
obtained from the agricultural sector. In recent years, the
conditions in which optimum efficiency will be achieved
in cultivation have changed considerably due to the
changes in the precipitation regime under the impacts of

climate change, the increases in the air temperature and
atmospheric COz amount. In this study, the response of
sugar beet yield grown in Konya to different climate
scenarios was investigated and optimum growing
conditions were evaluated for adaptation to these
scenarios. The LINTUL-MULTICROP Model calculated
different sowing-harvest dates, three different yield
values and irrigation water requirements. The optimum
sowing and harvesting dates of sugar beet were moved
13 days back for sowing, and 8 days forward for
harvesting. Three different yields were stated by the
model and the highest yields were estimated for scenario
d (2 °C, +200 ppm, new sowing and harvest dates). The
yields under irrigated conditions varied between 74.4 t
hal and 111.2 t ha-l. The irrigation water requirements
of sugar beet ranged from 618.8 mm to 688.5 for
different scenarios. The present findings indicated that
the cultivation of sugar beet tends to alter in semi-arid
Konya environment. The amount of irrigation water
should be increased and the harvest and sowing dates
should be changed in order to avoid loss of yield in
temperature increases in the region.
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1. Introduction

The electrical transmission and distribution system
includes power transformers as a critical component.
Losses in power transformers are become more
significant due to rising energy costs (Metwally, 2011).
The increase in the use of electronic elements causes the
formation of current harmonics in the system (Delghavi
et al, 2021). This increases the losses in power
transformers. If the losses in the power transformers are
not kept under control, it causes the temperature in the
power transformer core to increase and the insulation
deteriorates (Pamuk, 2017; Mariprasath and Ravindaran,
2022). Load losses in power transformers are examined
in three main sections. These are DC losses, eddy current
losses in the windings, and leakage losses occurring in
the tank and other conductive parts of the power
transformer (Ertl and Landes, 2007). The values of DC
loss are the simplest to compute and quantify. Eddy
current losses in the power transformer's winding and
other components cannot be detected during the
measurement. These values can only be estimated by
computation or modeling in two-dimensional finite
element programs (Kwon and Bang, 2018). It has been

successful to estimate the performance of temperature-
time parameters for electrical power transformer
equipment in steady-state using 2D finite element
techniques (2D-FETs) (Mejia-Barron et al, 2018),
(Shadab et al., 2023) and transient (Oliveira et al., 2012;
Bozidar et al, 2017) conditions. Nevertheless, the
electrical power transformer model obtained with lots of
variables is far too detailed for many applications, such
as power system analysis, and therefore, it is common
practice to seek comparable circuit simulations with
resistances and inductors obtained from finite element
solutions.

Numerical inductance estimation of physically realizable
equipment windings, such as the main and secondary
field core of electrical power transformers, comprises the
post-processing of nonlinear finite element solutions.
The energy perturbation (EP) method (He, 2003), and
the reputable flux-linkage (FL) approach have both been
used for this purpose (Fornasiero et al,, 2014). The first
involves using the right permeability values from the
numerical model to calculate co-energies around the
electrical device under consideration’s operating point.
The FL method consists of calculating flux linkages
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created by specific currents. Both approaches yield
equivalent inductance values. The EP approach is
laborious and may be numerically unstable because it
includes the variance among values of identical size
(Johnson et al, 2014), and to get precise solutions,
current perturbations must be properly selected.
Furthermore, because area integrations are required,
computational expenses are extremely substantial. On
the other hand, when 2D numerically determined fields
are used, the FL approach is simpler to use and has
reduced computing costs.

A power transformer's load capacity and useful life limit
values must be estimated, as well as the hot spot limit
values of the power transformer core windings. Many
methods have been proposed to determine the hot spot
limit values under sinusoidal conditions (Kunicki et al.,
2020; Emiroglu et al., 2021). This paper proposes a heat
transfer theory-based thermal modeling approach for
equivalent circuit transformers. The degradation time of
the insulation level in transformer windings is evaluated
using full simulation and iterative  process
methodologies. The transformer's design stage and the
likelihood that it will fail within a certain time period
affect how long it will operate efficiently (Awadallah et
al.,, 2014). Many analytical methods have been developed
to estimate the temperature values and distributions at
different points of the transformer windings. These
methods are closed-form methods using the generalized
heat conduction model and are based on mathematical
techniques (Lee et al, 2010; Ding and Ning, 2012).
However, some methods can evaluate the hot spot
distribution in transformer windings under harmonic
conditions. To estimate the hot spot distribution and
lifetime in power transformers, structures similar to the
conventional transformer equivalent circuit model
should be used.

2. Calculation of Diverse Inductance Losses
The energy stored in power transformer windings is
directly measured by the inductance (Hashemnia et al,
2015). It also serves as an opposite measurement of the
current generated in a winding. As a result, precise
inductance value calculation is required to represent
electrical power transformers with similar circuits. There
are several definitions of inductance (Oliveira, 2014).
However, calculations for electrical power transformer
windings frequently use the apparent and differential
values. Due to the notation difference, the differential is
utilized in this instance instead of incremental. The
ultimate current and flux values determine the apparent
inductance. The straight line that connects the origin and
the operational point on the nonlinear magnetizing
characteristic serves as its representation. The slope of
the nonlinear curve at the operational point determines
the differential inductance.

2.1. Method for Calculating Apparent Inductance
Losses Numerically

The EP method or the FL approach can be used to
determine the apparent inductance for
equipment. It is important to use the magnetic co-energy

linearized

that can be proved for a multi-winding system in order to
employ the complicated procedure that is used to
determine the apparent values of current perturbations
and inductance equation 1 (Shirakawa et al.,, 2016);

dw,

ored = 104 =eiidt (D
where e is the voltage, i is the current, and A is the flux
linkage. The relationship between i - A is non-linear. If
there is a finite change in flux connection from one value
to another, (Az to A2) it can be calculated as equations 2-6:

% .

AVvs'tored = '['11 |(ﬁ)d/1 (2)
Energy(W) + Coenergy(W ") =i.4 (3)
WX, =L A 4

1+ A energy 2 ' L(X) ( )

- 1.,
W (I, X)coenergy = EL(X)I (5)
o 1y

W stored (Il ,,,,,,, Ij ’ X)coenergy = E;; qu"p"q (6)

Equations 4 and 5 are general equations for energy and
co-energy in the magnetostatic system. In equation 6, the
electrical input count is N, and the position is
represented by x. It is presumed that this co-energy is a
part of a magnetic system with no loss. Outside the
coupling field, losses are taken into account. (Liu et al,
2016). Self and bilateral inductances equation 7 can be
calculated by obtaining the derivative of the co-energy
related to any specific current from equation 6.

oW'f .
i, = ; Lpgdg = Apt (7)

where by considering the approximate value of equation
7 with respect to a different currency, we can determine
that Ap: is the overall flux connecting the pth core winding,
which is created through all circuit currents. As a result,
equation 8 gives the flux linkage between circuits p and g,
and the self-inductance is recognized when p and q are
equivalent.

aM I.f =Ly =% (8)
6|p.a|q auq

The FL approach can also be used to determine this
mutual inductance. The rates of flux-linkage change with
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respect to currents in the situation of a linearized
machine, where apparent inductances can be utilized, are
constant and similar to the internal and bilateral
inductances that are equation 9;

Dy | | A
di, =Ly =Ly = i, )

where A, is the current flowing through winding i; and p
is the flux connecting windings p and g. This current
alone generates the flux p. Equations 8 and 9 provide two
techniques for calculating inductance that can be applied
to magnetic fields that have been calculated numerically.
The FL approach provides a simple procedure for
equation 9. A non-linear magneto static numerical
solution can be computed after all of the system’s
currents are known. From the B-H feature, it is possible
to determine the conductivity of each component once
this solution has been obtained equation 10.

ﬂ=ﬁ (10)

It preserved in the grid of finite elements. The magnetic
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flux connections in overall the power transformer core
windings owing to this current are acquired by uptake in
the pt" winding. Therefore, equation 9 can be used to
determine the
connected to the pt winding.

internal and bilateral inductances
The winding vector notion, which attributes the
fractional number of turns to nodes, allows for the
efficient calculation of flow connections (Jia et al,, 2022).
Hence, only linear solutions are needed once the non-
linear method has been discovered and each element’s
permeability has been locked. With just one more
solution, all the inductances associated with the pt
winding may be calculated. The operational point’s
saturated circumstances under examination are
represented by the values of inductance that were
derived by substituting the saturated device with
comparable equipment that includes a “sequential”
feature through the equilibrium point. The inductance
values for this analogous machine are correct, however,
they need to be changed if the power transformer core
deviates from its operational point. The graphs of
variation of the irregular magnetization of the flux
properties in the power transformer core depending on

the field voltage are shown in Figure 1.

e (b)
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500 |-
1000
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Figure 1. Field variation of uneven magnetic flux density in power transformer core windings, (a) for 144 equidistant
air gap segments of the core settings, (b) for 288 equidistant air gap segments of the core settings, (c) for 864
equidistant air gap segments of the core settings, (d) for 1728 equidistant air gap segments of the core settings.
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The FL strategy is an equivalent to the EP technique
equation 11, which is connected to equation 8. However,
once the FL magnetic solution has been identified this
method needs more linear solutions. This may be
observed from the approximate solution of equation 8
using finite differences;

This provides values for the mutual inductance (p # q). In
equation 12, the self-inductance is specified.

oW E (WG, AL -2W W (AL |
PG, (A, )

(12)

In equation 12, If all of the currents are present, the co-
energy is W, and it is at the desired value, but with a
partial positive shift in the pth current is Wf (ip + 4ip). All
of the “perturbed” co-energies in equations 11 and 12
have the same interpretations. Since the FE system
structure does not shift and also its reverse has already
been established, replacements are
necessary to calculate these perturbed co-energies. Keep
in mind that the FL approach is equally applicable to this
statement.

Due to the numerous solutions or back-substitutions

only reverse

necessary for their evaluation, it can be observed that
equations 11 and 12 are awkward. For instance, four
sequential approaches are necessary, three more than
using the FL technique, to calculate the eddy current
between the pth and g windings. The flux-linkage
strategy also offers a single sequential solution for the
device winding under investigation and any associated
bilateral inductances. Additionally, the post-processing of
partial differential equation quantitative information
ought to be considered to avoid evaluating variations
between quantities of similar magnitude in order to
prevent shaped faults, which is a disadvantage of the EP
technique. When the necessary current increments are
given to the EP approach, the numerical computation of
the power transformer’s core and magnetic area winding
apparent inductances clearly demonstrates that the two
methods are numerically equal.

The determination of apparent inductances in the field at
a steady state of a power transformer winding using the
EP method. The machine’s real winding distribution
served as a proxy for power transformer windings, and
while calculating inductance values, it was necessary to
account for the variance in inductance in relation to the
winding design position. Utilizing 144 increments over
360 electrical degrees, samples
collected. The self-inductance of a single phase, the
leakage current between the magnetic and one phase, as
well as the self-inductance of the primary coil, are all
factors in the computation of the device inductance
profiles. All in all, this means that the inductance

inductance were

(4.40,i;)

(11

computation process required 1728 linear solutions, but
the FL technique would have just needed 288 solutions. It
is obvious that, in terms of computing expenses, the FL
technique is preferable.

2.2. Method for Calculating Differential Inductance
Losses Numerically

A modified definition of inductance is required if the
power transformer core cannot be substituted with an
equivalent one that has apparent inductances. When
apparent values are invalid, differential inductance is
frequently used. In this case, the pth winding’s flux change
rate in relation to the gt current is no longer in effect.
This changing rate was referred to as “gradual”
inductance in the method. This is undesirable since the
additional inductance is connected to minor signal
changes around a specialist area, in which case magnetic
materials take a different path than the regular B-H curve
and instead superimpose incremental loops on the
normal B-H profile. Since the inductance described by the
gradient of the non-linear curve is better described by
the label differential, it is used in this application. Replace
the permeability definition in equation 10 with equation
13;

i

o (13)

U

which, following the discovery of the power transformer
core’s quasi-solution, is derived from the standard B-H
Thus, for the operating situation and the
calculation
“differential” leakage, are defined as equation 14;

curve.

of difference inductances, values of

Oy
Loy = B (14)

q

is now possible to calculate the differential inductance by
suspending  the
mathematical model and injecting individual currents

difference  admittance in the

into the windings;
2@
_ "|oH

ly

(15)

pq

where it is presumptively supposed that the system is
linearized close to its operational point. Equation 15 is
accurate because equation 13 resembles the differential
of the flux-linkage in relation to the current. Equation 10
is replaced by equation 13 for the basic mathematical
calculation of the “perturbed” energy, while equations 11
and 12 are still applicable for the computation of
“difference” values. The following examples make it
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simple to demonstrate this claim. The differentiated
electromagnetic co-energy of a dynamic function with N.
electricity sources and N, physical outputs is given by
equation 16;

Nc Nm
dwW ' f =) 2,.di +> T.d6, (16)
p=1 [=1

where, Tr is the power transformer core’s measured rt
electromagnetic torque. It is also possible to write the
entire differential of co-energy as equation 17;

, ow'f . Wmow'f
p=1 p r=1 r

Hence, by equating 16 and 17, the equation 18;

LW
pt — 8|p (18)

It provides the necessary outcome after differentiation
with regard to the gt current equation 19;

oOW'f 04, L 19)
P - - pq
6Iq8|p 6|q

Calculating differential inductance quantities has the
same limitations as calculating apparent inductance
numerically using “perturbed” co-energies.

It ought to be noted that the system’s stored energy
rather than the co-energy is utilized. This is obviously
erroneous when determining differential inductances,
but it is correct when calculating apparent inductances.
As a result, it is clear that both procedures provide
identical inductance values. Since both methods are
derived from the same physical foundation, this is not
surprising. However,
differentiation and just requires a limited number of
sequential values, the FL technique provides an effective

since it avoids numerical

and reliable way to determine inductance values in 2D.
The calculation of differential inductances for a power
transformer core is described. The “energy perturbation
method” was used for this calculation. To perform this
calculation, the flux-linkage approach might have needed
a lot fewer alternatives.

3. Modeling and Numerical Example of
Power Transformer Core with Finite

Element Methods

Calculating the time variation of the apparent inductance
values of a power transformer core operating under
different operating
numerical equality of the FL and EP approaches. Due to
the significant air gap they imply, apparent values are
suitable for solid-power transformer cores. The finite

conditions demonstrates the

element model as well as the transient conditions of the
machine under consideration are fully described.
Nevertheless, the machine operating conditions are
briefly described here. The core is initially working
under-excited (on-load) and connected to the main
power system. A three-phase-to-earth fault is applied to
the high-voltage connectors of the power transformer
core. The fault duration is seven cycles.

The equipment is then reconnected to the main system
after the problem has been fixed. A stable condition is
achieved after fault clearance. For the fault period,
inductance values are computed. The field winding and
the fictional d and g axis cyclic distributed windings,
which are fixed to the core stationary frame, are included
in the self-inductances that were calculated. The effective
turns on these d and g-axis windings match the number
of real turns on each phase coil. Consequently, two
windings have been used in place of the actual three-
phase winding, and their mathematical representations
take the form of two winding vectors, the entries of
which are as follows equation 20;

4 l;.sin @i N 4 N

l:.cos @i
— — [N
Ngi =—Net — qi = eff

7 le.sin(aj" ilj.cosG)j‘ (20)

where [; is the length assigned to node i and @i denotes
the angle this node makes with the d axis. Nes, which
accounts for winding factors, is the quantity of evenly
spaced air gap effective turns. The total is computed over
the nodes that correspond to the power transformer core
winding. To determine core inductances in the power
transformer winding current frame, the magnetic state of
the power transformer core at every sampling interval is
used. The three-phase coordinate system is used to build
the 2D-finite element analysis.

All of the power transformer winding eddy currents must
be understood in order to use the EP approach. The
transient FE solution provides these currents. Finding the
power transformer core’s d and g-axis current
characteristics for every duration level is important so as
to compute the d-g-axis inductances. Applying all of the
power transformer core currents together with the
armature’s axis currents to the FE grid, where the
reluctivity is determined from the FE transient solution,
yields the co-energy at the operating point. Utilizing
current increments that are inversely proportional to the
predicted power

currents at each time step, perturbed co-energies are

transformer core instantaneous
created. On the other hand, the FL approach necessitates
injecting an arbitrary current into the relevant winding in
order to get inductance values. The FE transient solution
also allows for the determination of element reluctivity
for the linear solution. Figure 2 displays the time-
dependent self-inductance variation graph. Figure 2
compares the power transformer core winding apparent
inductances calculated from the FL and EP methods.
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Figure 2. Time-dependent self-inductance variation in power transformer core windings (a) for d-axis, (b) for g-axis.

It has been shown that both methods produce values that
are essentially identical. The d and q axis self-inductances
determined using the EP approach, however, exhibit
spikes. They manifest while the regular currents are still
several orders of magnitude less than the modestly sized
d or g-axis currents. The extremely small difference
between the perturbed energy results in numerical
issues. It should be noted that this issue can be solved by
selecting larger current increments to increase the
disparity between energies.

The field power transformer
inductance variation graph is shown in Figure 3. The
power transformer core bilateral inductance between
both the field and the d-axis winding variation graph is
shown in Figure 4.

This challenge is not present when calculating the self
and bilateral inductance of the field winding since the
field current never gets close to null during the fault
current time. The four inductance values presented here
were obtained using the EP approach, which needed ten
linear replacements or backward substitutions for each

core winding self-

time unit. The FL approach simply needed three step. The
EP approach will require a significantly greater number
of calculations if there are more power transformer core
windings.

4. Conclusion

In regards to computational costs and numerical
instabilities, two approaches for calculating the
inductance of practically achievable power transformer
core windings were compared. They provide comparable
inductance values for an abnormally performing power
transformer. This is hardly remarkable because both
approaches are predicated on the same ideas. The EP
approach is computationally expensive, though, and if
increment currents are not properly selected, numerical
issues may arise. Therefore, when using 2D-FE solutions,
the FL approach must be chosen as the optimal method
for calculating the inductances of electricity transformer
core windings since it offers a great deal of simplicity and
lower computing costs.
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Figure 3. The field power transformer core winding self-inductance.
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Ozet: Bu calismada, CETP (Cam Elyaf Takviyeli Polimer) kompozit malzemenin delinmesinde takim ¢apinin olusan itme kuvveti ve
titresim iizerine etkileri incelenmistir. Bu amacgla CETP plaka diger delme parametreleri sabit tutularak 5, 7,5 ve 10 mm ¢apinda
takimlarla delinmistir. Delme stiresince itme kuvveti ve titresim Ol¢limi yapilmistir. Elde edilen verilerin istatistiksel analizi
sonucunda takim ¢apinin artisl ile itme kuvvetinin arttig1 ve titresimin azaldigi goriilmiistiir. Ayrica daha yiiksek ¢aplarda takimin daha
dustk salinim gosterdigi ve kararl bir delme islemi yaptig1 tespit edilmistir. Calismanin, CETP kompozit malzemelerde uygun delik
kalitesini saglayacak takim ¢ap1 se¢imi i¢in yol gosterici olmasi beklenmektedir. Bununla birlikte itme kuvveti ve titresimin olumsuz
etkilerini tespit noktasinda arastirmacilara destek sunacaktir.
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Abstract: In this study, the effects of tool diameter on thrust force and vibration in drilling of GFRP (Glass Fiber Reinforced Polymer)
composite material were investigated. For this purpose, GFRP composite plate was drilled with 5, 7.5 and 10 mm diameter tools while
keeping other drilling parameters constant. During drilling, thrust force and vibration measurements were made. As a result of the
statistical analysis of the obtained data, it was seen that the thrust force increased and the vibration decreased with the increase in the
tool diameter. In addition, it was determined that the tool showed lower oscillation at higher diameters and made a stable drilling
process. It is expected that the study will guide the selection of the tool diameter that will provide the appropriate hole quality in GFRP
composite materials. In addition, it will provide support to researchers in detecting the negative effects of thrust force and vibration.
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birlikte delik delme ihtiyaci ortaya cikmaktadir. Ozellikle
delme isleminde delik ¢evresinde ve katmanlar arasinda
ciddi deformasyonlar olmaktadir.

1. Giris

Kompozit malzemeler, yiiksek dayanim, disiik agirlik,
esneklik gibi o6zellikleri nedeniyle cesitli endiistride
kullanimi artan ve lizerinde yogun bir sekilde arastirma

Tabakalar arasi
ayrilma, elyaf cekmesi, delik giris ve cikisinda olusan

yapillan malzemelerdendir (Karaca, 2016). Kullanim
alanmin cesitliligi beraberinde asilmasi gereken yeni
problemler dogurmustur. Ozellikle iiretilen kompozit
malzemelerin birlestirme veya montaj islemlerinde
katmanh yapinin getirdigi bazi
karsilasilmaktadir (Basar ve ark, 2020). icerigindeki

sorunlarla

recine ve lifli yapt nedeniyle sicak birlestirme
islemlerinden ziyade ¢ogunlukla yapistirma veya aparatl

birlestirme yéntemleri uygulanmaktadir. Ozellikle
otomotiv ve havaclik gibi alanlarda sdkilebilir
birlestirme tiirleri daha o6n plana ¢lkmaktadir

(Kirhasanoglu ve Turgut, 2021). Bu birlestirme tiiriinde
civata, pim, pergin baglantilar1 kullanimi yaygin olmakla

delaminasyon gibi deformasyonlar kompozit yapinin
dayanim ve isletme omrini etkiledigi goriilmektedir
(Celik ve Kiligkap, 2012; Okay ve Islak, 2021; Yenigun ve
Kilickap, 2021). Bu kapsamda deliklerin i¢ pilirizliligu,
giris ve cikis capak olusumu, delaminasyon ve geometrik
hassasiyet delme siirecinde kontrol edilebilir faktorler
olarak ortaya ¢ikmaktadir (Bilge ve Motorcu, 2017; Bilge
ve ark, 2017a; Bilge ve ark, 2017b). Bu faktdrlerin
ortaya c¢ikmasini saglayan isleme parametreleri ve
bunlarin sonucu olan itme kuvveti ve titresim kontrol
altina alinmasi gereken bilesenlerdir. Delmedeki itme
kuvveti ve titresim farklhi matkap c¢aplarindan
etkilenmektedir (Kalidas ve ark., 2022). Bu asamada,
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uygulanacak montajin mekanik ihtiyaclar1 g6z oniinde
bulundurularak yapilan takim c¢apr secimine, delme
kalitesini bozan itme kuvveti ve titresim degerlerini de
dahil etmek gerekmektedir. Optimum baglant1 elemani
sinirlari igerisinde delik kalitesini en iyileyen ¢ap se¢imi,
malzemenin mekanik dayanimim artirirken
maliyetlerini diistirmesi beklenmektedir.

Kompozitlerin delinmesi ile ilgili yapilan ¢alismalar cam
fiber, karbon fiber ve dogal kompozitler iizerinde
yogunlagmistir. Calismalarda farkli delme parametreleri
ile yapilan delme sonucunda itme kuvveti, titresim veya
her iki faktoriin delaminasyon, yiizey purtzliligi, delik
geometrisi ve takim asinmasi lzerine etkileri
incelenmistir (Bayraktar, 2018). KETP (karbon elyaf
takviyeli polimer) ve CETP kompozit malzemelerin
delinmesinde, delme esnasinda olusan itme kuvveti ve
titresim kompozit malzemelerin delik giris ve ¢ikisinda
delaminasyona neden olmaktadir (Kavad ve Ark., 2014;
Yardimeden ve ark., 2014; Seeholzer ve ark., 2019).
Ozellikle diisiik ilerleme ve devirde giris bélgelerindeki

isleme

delaminasyon ve ¢apagin azaldign tespit edilmistir.
flerleme genel olarak titresim iizerinde daha fazla etkiye
sahiptir (Hussein ve ark., 2018). Titresim ve yiiksek
devirin  sicakligi ¢apak  olusumunu
artirmaktadir. KETP delinme siirecinde takim asinmasi
ile titresimin artmakta, delik Kkalitesi
etkilenmektedir (Hussein ve ark. 2019). Artan titresim
takimin kesme yetenegini azaltmaktadir. Bu durum
ilerlemenin etkisi ile itme kuvvetini artirica etki
gostermektedir (Li ve ark., 2019; Svinth ve ark. 2022).
Daha diisiik dayanmima sahip dogal kompozitlerde
titresim ve itme kuvveti delme siireci icerisinde farkh
davraniglar gosterebilmektedir. Ozellikle ilerlemenin
artmasi ile zayif olan liflerin kesilmeden kopmasi titresim

artirmasi

olumsuz

ve itme kuvvetinde ani degisikliklere neden olmaktadir
(Ozdemir ve ark, 2023). Farklh caplarda takim
kullanilarak KETP malzemenin delinmesinde, takim
¢apinin artmasi ile itme kuvvetinin arttigr gértilmistir
(Basmacit ve Yoriikk, 2020). Takimin kesme agzinin
artmasi ise itme kuvvetini azaltmistir (Gaga ve Dilibal,
2020). Literatiirde genellikle delme parametrelerinin
titresim ve itme kuvveti odakli delik kalitesine etkileri
incelenmistir. Bu calisma literatiirden farkh olarak takim
capindaki degisimin titresim ve itme kuvveti lizerine
etkilerine odaklanmistir.

Calismada CETP malzeme tizerinde {i¢ farkl ¢apta takim
kullanilarak delik agilmistir. Delme siiresince titresim ve
Olciilmistiir. Tekrarli yapilan deney
sonuglar istatistiksel olarak degerlendirilmis ve takim
capinin titresim ve itme kuvveti Uzerindeki etkileri
arastirilmistir.

itme Kkuvveti

2. Materyal ve Yontem

Calismada 45-45 elyaf yonelim agisina sahip, sik orgiild,
epoksi recine esash ticari CETP plaka kullanilmistir.
Plaka 400x140x10 mm boyutlarindadir (Sekil 1).
Deneylerde 5 mm, 7,5 mm ve 10 mm ¢ap, 118° u¢ agisina
sahip HSS matkaplar kullanilmistir (Sekil 2). Delikler

her deney i¢in 0,2 mm/dev ilerleme ve 1250 dev/dak
devir parametreleri ile delinmistir. Sonuglarin dogrulugu
acisindan her bir delik 9 defa tekrarlanmistir. Asinma
etkisi dikkate alinarak her delikte yeni bir takim
kullanilmistir. Delme islemi Taksan marka dik isleme
merkezli CNC tezgahinda yapilmistir.

VO QO0C SO0 NN ey
o0 20000 0000 LON0 Akl

0 6 i o s i - 8 s ) ABOO 1 4 M. St

Sekil 1. Deneylerde kullanilan CETP kompozit malzeme.

Sekil 2. Deneyde kullanilan 5mm, 7,5 mm ve 10mm HSS
takimlar.

Deney sirasinda itme kuvvetinin belirlenmesi i¢in Kistler
9257B tipi 8 bilesenli piezoelektrik dinamometre
kullanilmistir. Dinamometreden elde edilen sinyallerin
verilere doniistiirilmesi icin Kistler 5070 ¢ok kanalli
amplifikator kullanilmistir.  Elde
islenmesi Kistler Dynoware 2825A-02-01 yazilim ile
gerceklestirilmistir.

edilen sinyallerin

Titresim  ol¢climlerinde,  disiik
empedansa sahip Kistler 8702B500 tipi ivme Olcer
kullamlmigtir (Sekil 3). ivme élcer, NI9234 DAQ kart ile
bilgisayar baglantis1 saglanmistir. Deneyler esnasinda
olusan titresim verilerini bilgisayar ortamina almak i¢in
Labview paket programi kullanilmistir.

Deney sonuglarinin degerlendirilmesi i¢in SPSS 22 paket

programinda istatistiksel analiz yapilmistir.

3. Bulgular ve Tartisma

CETP kompozit malzeme her bir takim ¢api icin 9 defa
delinmis, ortalama titresim ve itme kuvveti degerleri
alinmustir. Titresim ve kuvvet sinyallerinin 0,0002 sn’de
bir alinmasi nedeni ile tek bir deligin yaklasik 25.600
verisi bulunmaktadir. Bu sebeple 6zet istatistik tablolar
(Tablo 1 ve Tablo 2) ve grafikler sunularak sonuglar
yorumlanmistir.

Takim ¢apina gére maksimum titresim degerleri 5, 7,5,
10 mm icin swrasiyla 5,8612, 5,3924, 4,9563 mm/sn2
olarak gergeklesmistir (Tablo 2). Takim ¢ap1 artisi ile
titresim azalmistir.

itme kuvveti degerleri incelendiginde, 5, 7,5 ve 10 mm
takimlar i¢in sirasiyla maksimum 113,586, 153,641,
172,03 N seklinde artarak degismektedir (Tablo 1).
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Sekil 3. Dinamometre ve titresim dlger cihazlari.

Tablo 1. itme kuvveti degerleri

itme Kuvveti (N)

Takim Cap1 Maksimum Minimum Ortalama

5 113,596 10,1776 29,3101

7,5 153,641 13,6544 36,1672

10 172,03 14,9752 38,5494
Tablo 2. Titresim degerleri

Titresim (m/sn?)

Takim Cap1 Maksimum Minimum Ortalama Genlik
5 5,8612 -3,9229 4,3759 9,7841
7,5 5,3924 -3,6264 4,3003 9,0188
10 4,9563 -3,5714 3,6707 8,5277

Takim c¢ap1 itme kuvveti arasinda r=0,032; P<0,05 olmasi
sebebi ile anlaml bir korelasyon vardir.

Takim c¢apinin artmasi ile itme kuvvetinin artmasinin
temel sebebi takimin temas noktasinin daha fazla
alandan talas kaldirmak zorunda olmasidir (Meral ve
ark, 2011). Ayni ilerleme ve devirde takim daha fazla
alan1 taramak zorunda kalmakta ve bu durum is
pargasinin  takim hareketinin baski

yapmasina neden olmaktadir.

zit yoniinde
Sekil 4’de takim c¢apina gore itme kuvveti grafigi
sunulmustur. Grafikte gorildiigii tizer takim ¢apinin
artis1 itme kuvvetini artirmakta fakat kuvvet stabilitesi
artmaktadir. 5 mm takim c¢apinda itme kuvveti daha
daginik seyretmekte, 7,5 mm capta bolge bélge daginiklik
azalmakta, 10 mm c¢apta ise daha stabil bir trend
goriilmektedir. Bunun sebebi takimin malzemeye temas

ylizey alaninin artmasidir

Delme isleminde kesit kalinliginin artmasi takimin daha
rijit olmasini saglamaktadir. Rijit takimlarin baglama
noktasi ile u¢ kismi arasindaki salinimlari daha diisiik
olmaktadir. Ayrica itme kuvvetinin artisi ile takim
malzeme ile daha saglam bir temas kurmakta ve bu
durum titresimi azaltmaktadir (Guibert ve ark. 2008).
Diger parametreler sabitken takim c¢apinin degismesi
durumunda itme kuvveti ve titresim zit yonde etki
gostermektedir (Sekil 5). Takim cap1
arasindaki korelasyon r=-0.183; P<0,05 olmas1 nedeniyle
anlamli ve negatif yonliidiir. Sekil 6’da titresim grafikleri
gorilmektedir. Titresim dagilimi tiim takimlar igin
birbirine yakin seyretmektedir. Verilen genlik degerleri
takim capi arttikca azalmaktadir. Bu titresimin daha

ile titresim

kararli hale geldigini gostermektedir.
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Sekil 6. Takim ¢apina gore titresim grafigi.

4. Sonug¢

Bu ¢alismada diger delme parametreleri sabitken farkl

takim caplar1 kullanilarak CETP malzeme delinmistir.

Delme siiresince itme Kkuvveti ve titresim Olgimii

yapilmistir. Takim ¢apinin itme Kkuvveti ve titresim

tzerindeki etkisi istatistiksel olarak incelenmis ve
asagidaki sonuclar elde edilmistir:

e itme kuvveti 5, 7,5 ve 10 mm takimlar icin sirasiyla
maksimum 113,586, 153,641, 172,03 N seklinde
gerceklesmistir. Takim ¢ap1 arttikca itme kuvveti
artistir.

e Titresim 5, 7,5, 10 mm i¢in sirasiyla 5,8612, 5,3924,
4,9563 mm/sn? olarak gergeklesmistir. Takim c¢api

arttikga titresim azalmistir.

e Kesit kalinligimin artis1 takimin rijitligini artirmis ve
itme kuvvetinin artisi ile takim malzeme ile daha
saglam bir temas kurmustur. Bu durum titresimi
azaltic1 etki gostermistir.

e Takim ¢ap1 arttikca takimin stabil olma durumu
artmis, salinimi azalmis ve kararliligi artmistir.

e Takim c¢apy, itme kuvveti ve titresim degerlerinin
birbirlerine olan etkileri istatistiksel olarak
anlamhdir.

Calismada elde edilen sonuglar CETP malzemelerin

delinmesinde, delik kalitesini artirict takim c¢api

seciminde yol gosterici olacaktir.
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Katki Orani1 Beyam
Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

B.0. E.B. M.S.G.
K 20 80 20
T 100
Y 100
VTI 80 10 10
VAY 20 70 10
KT 100
YZ 90 10
KI 20 80
GR 100
PY 100
FA 33 33 34

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= kritik inceleme, GR= goénderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.
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Ozet: Bu calismada, matris yapi malzemesi olarak genel kullanim amagh doymamis polyester recine ile yap1 olusumu i¢in gerekli
bilesenler ve takviye malzemesi olarak dokuma E-cam elyaf kullanilmigtir. Kare ve daire kesitli olarak hazirlanan hedef kompozit
plakalarin iiretiminde, elyaf tabaka sayisiyla birlikte kompozit plakalarin kalinliklar1 degisken olarak kullanilmistir. Hedef kompozit
plakalara, poligonda 10 m mesafeden, sirasiyla 22 kalibre ve 9 mm mermi atan iki farkl silah kullanarak atiglar yapilmistir. Atislar
sonucunda, dokuma elyaf tabaka sayisinin 9, plaka kalinhiginin 12 mm’den daha fazla olmasi halinde, 9 mm mermi'ye kars: hedef
kompozitin basarili oldugu belirlenmistir. Kompozit plakalar i¢in koruma seviyesinin NIJ Standard-0101.06’ya gore IIA oldugu
belirlenmistir. Silahla atislarda hedef hayati 6nem tasimaktadir ve bu ¢alismada, merminin gegmesine engel olan hedef kompozit plaka
ozellikleri, belirlenen iiretim ¢alisma parametrelerine gore sonuglar vermistir. Artan mermi kalibreleri i¢cin hedef kompozit liretim
parametrelerinin dikkatli bir sekilde planlanmasi ve mutlaka saha atis deneylerinin yapilmasi gerekir.

Anahtar kelimeler: Savunma sanayi, Balistik, Balistik kompozitler, Zirh malzemeleri, Kompozit malzemeler

Shooting Trials with Light Weapons to Determine the Defensive Usability of Polymer Composites
Abstract: In this study, unsaturated polyester resin for general use and woven E-glass fiber were used as the components required for
structure formation and as the reinforcement material. In the production of target composite plates prepared as square and circular
sections, the thickness of the composite plates was variable, together with the number of fiber layers. The shots were fired on target
composite plates from a distance of 10 m at the range, using two different weapons that fired 22-caliber and 9-mm rounds,
respectively. As a result of the shots, it was determined that if the number of woven fiber layers was 9 and the plate thickness was
greater than 12 mm, the target composite was successful against 22 caliber and 9 mm bullets. The level of protection for composite
plates has been determined to be I1A according to NIJ Standard-0101.06. The target is of vital importance in shooting with a gun, and in
this study, the characteristics of the target composite plate that prevent the bullet from passing gave results according to the
determined production operating parameters. For increased shell calibers, it is necessary to carefully plan the target composite
production parameters and necessarily conduct field shooting experiments.

Keywords: Defense industry, Ballistic, Ballistic composites, Armor materials, Composite materials

*Sorumlu yazar (Corresponding author): Balikesir University, Faculty of Engineering, Department of Mechanical Engineering, 10100, Altieyliil, Balikesir, Tiirkiye
E mail: ergunates@gmail.com (E. ATES)

Ergun ATES https://orcid.org/0000-0001-7611-4854 Gonderi: 23 Ocak 2023 Received: January 23, 2023
Kabul: 10 Mart 2023 Accepted: March 10, 2023
Yayinlanma: 01 Nisan 2023 Published: April 01, 2023

Cite as: Ates E. 2023. Shooting trials with light weapons to determine the defensive usability of polymer composites. BS] Eng Sci, 6(2): 74-86.

1. Giris
Balistik tehditlere karsi koruma saglamak icin ultra
yliksek molekiiler agirlikli polimer (UHMWPE) lifleri ile

tipik askeri muharebe migferlerinin 450 ile 600 m/s
arasinda 1 g celik mermiye karsi koruma saglamasi
istenir. Kompozit igceren ara¢ zirhi tipik olarak kiiciik ve

serit ve bantlari, aramid lifler, balistik cam elyafi (E-cam,
S-cam), karbon lifleri gibi tiriinler kullanilmaktadir. Artan
performans ihtiyacinda ise yiiksek modiillii propilen lifler
(HMPP), balistik seramik lifler tercih edilmektedir.
Uretilen kompozitler, kisisel esnek veya kaliplanmis
viicut zirhi (kasklar, kursun koruyucu plakalar, patlayic
mithimmat imha kiyafetleri (EOD), balistik koruyucu
kalkanlar) ve ara¢ zirhi1 (kara, hava, deniz) olarak
belirtilmistir. Yiksek hizhi (tifek; namlu ¢ikis hizlar
sirasiyla 920415 ve 830+15 m/s olan tipik olarak 5,56 ve
7,62 mm Kkalibreli mthimmat) mermi korumasi genellikle
seramik yiizli ve kompozit destekli triinlerle yapilir.
Koruma seviyeleri tilkelere gore farkhilik gosterir, ancak

orta kalibreli silahlardan (12,7 mm) koruma saglamayi
amaglar, bu tiir bir koruma, seramik yiizeyli kompozit
destekli veya seramik yiizli metalik destekli
birlesimlerin kullanilmasini1 gerektirir. Hafif araclarda
7,62 mm kalibreli mermilerden ve/veya patlamadan
koruma saglamak icin % 100 kompozitler kullanilabilir
(Tam ve Bhatnagar, 2016; Carr ve Crawford, 2016).

Bir calismada, dikisli laminatin hasar toleransinin,
kirilgan epoksi matrisli bir prepreg laminattan ¢ok daha
iyi, sertlestirilmis epoksi matrisli bir laminattan daha iyi
ve ¢ok sert bir termoplastik matrise sahip bir
laminatinkine esit oldugu bulunmustur (Larsson, 1997).
Kompozitlerin hafiflik,

korozyon  direnci, iyi
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mukavemet/agirlik oram gibi miikemmel o6zellikleri
sebebiyle savunma wuygulamalarinda kullanimlarinda,
sinyal isleme uygulamali tahribatsiz muayene yontemiyle
kontrolleri hatalarin ~ 6nlenebilecegi
aciklanmistir Leski, 2012). Polimer
kompozitlerin enerji absorpsiyonunu hesaplamak i¢in bir
model gelistirilmistir. Balistik ¢carpma aninda merminin
kaybettigi enerjiye katkisi olan ii¢ ana bilesenin, ¢ekme
kirllmasinda emilen enerji, elastik deformasyonuna
doniistiiriilen enerji ve Kkinetik enerjiye doniistiiriilen
enerji oldugu agiklanmistir. Kompozitin arka yiiziinde
kesme deformasyonu yoluyla olusturulan deforme olmus
boélgenin boyutunun, malzemenin diizlem i¢i kesme
modiili ile dogrudan iliskili oldugu bulunmustur (Morye
ve ark. 2000). Hafif zirh yapimi icin karbon ve organik
liflere dayall hibrit kompozit malzemelerin o6zellikleri
incelenmistir. Uretilen laminatlarin incelenmesinden,
balistik ozelliklerin gelistirilmesi i¢cin organik liflerin
yararll oldugu, basing dayaniminin azalmasi ve balistik
ozelliklerin artmas1 igin elyaf tipleri ve dagiliminin

sonucunda
(Dragan ve

optimizasyonunun yapilmasi geregi aciklanmistir
(Larsson ve Svensson, 2002). Yapisal
kompozitler, otomobil pargalari, havacilik bilesenleri ve
balistik malzemeler gibi bircok uygulama igin
lignoseliilozik malzemelerden dogal lifler kullanilarak

olmayan

dokuma bir formda yesil malzemelerin gelistirilmesine
artan bir ilgi vardir. Bu dokuma malzemeler esnektir,
ozel ihtiyaclara gore uyarlanabilir ve dokuma yapilari
nedeniyle daha iyi mekanik &zelliklere sahiptir (Aisyah
ve ark,, 2021). Aramid elyaf kumas epoksi ve polipropilen
bazli hazirlanmis kompozit laminatlarin, balistik darbe
performanst 7,62 mm zirh delici
incelenmistir.  Farkli  kalinhktaki kompozitlerdeki
matrisin hasar paterni incelenmistir. Mermilerin vurus

mermilerle

hizlar1 ve arttk hiz korelasyonu iliskisi kurulmustur.
Balistik limitin laminat kalinlig1 ile lineer olarak degistigi
bulunmustur. Polipropilen =~ kompozitler,  epoksi
kompozitlerin esdeger kalinligina kiyasla daha ytiksek
balistik limit gostermistir (Nayak ve ark. 2012). Matris
kesme kuvvetinin dinamik tepki iizerindeki etkisini
arastirmak i¢in, karbon fiber takviyeli polimer (CFRP) ve
UHMWPE laminatlarin, balistik performanslar 6l¢iilmiis
ve monolitik 304 paslanmaz c¢elik plakalarla
karsilastirllmistir.  Kiirlenmis CFRP plakas: dusiik
hizlarda koni c¢atlagi olusumuyla ve yiiksek hizlarda ise
koni olusumuyla birlikte merminin altindaki katlarin
birlesmesiyle basarisiz  olmustur. Diisik kesme
mukavemetli UHMWPE levhasi en yiiksek balistik limite
sahip olmustur. Fiber kompozit plakalarin balistik limiti,
matris kesme kuvveti azaldik¢a artmistir (Karthikeyan ve
ark, 2013). Balistik direncin gerekli oldugu hafif
yapilarda fiber kompozitlerin kullanilmasi éngoriilen bir
calismada, alt1 tip kompozit incelenmistir. Diizlem dis1
sikistirma testleri yapilmistir. Kompozit yerlesimi 0/90°
seklindedir. Pik dayamimin, artan diizlem i¢i numune

kevlar hibrit kompozitler, hacimsel olarak %5,40 ila
%14.99 arasinda dokuma kenaf icerigiyle hazirlanmis ve
balistik ol¢lim testleri farkli darbe ve kalinti izlerinde
parc¢a simiilasyon
gerceklestirilmistir. Sonucta, 14 kat kevlar ve 2 kat kenaf

mermileri kullanilarak
hibrit kompozitlerin digerlerine gore iistiin balistik
performans verdigi agiklanmistir (Yahaya ve ark., 2016).
Grafen nanoplateletlerin (GnP'ler) kevlar/cocos nucifera
kilifla giiclendirilmis epoksi kompozitlerin balistik
performansi lizerindeki etkisi arastirilmistir. Balistik
testler, 8 mm yar kiiresel paslanmaz celik mermi ile
gerceklestirilmistir. Sonuglar, GnP'lerin eklenmesinin
enerji emilimini ve balistik simir1 kevlar/epoksiye gore
sirastyla 9 kat ve 12 kat iyilestirdigi, ancak diger lamine
kompozitlerde ise enerji
emilimini ve balistik limiti azalttigi belirlenmistir
(Naveen ve ark., 2019). Yumusak ¢elik merminin cesitli
kalinhiklardaki diiz dokuma E-cam/epoksi kompozit
izerindeki  balistik  etkisinin  sayisal
simiilasyonlar1 yapilmistir. Kompozit malzemenin artik

GnP’lerin  eklenmesinin

malzeme

hizi1 ve balistik limiti sayisal olarak belirlenmis ve
sonuglarin iyi bir uyum iginde oldugu belirlenmistir.
Hedef malzemenin 10 mm’den kiigiik kalinlikta bir
cukurlasma, biyiginde ise o6nce girinti ardindan bir
cukurlasma seklinde iki asamali hasar mekanizmasi
gozlenmistir (Bodepati ve ark. 2020). Seramik polimer
kompozit zirhlar, ytliksek enerji absorpsiyon kabiliyeti ile
yiksek mukavemeti ve hafifligi nedeniyle 6nemlidir.
Seramigin islevi balistik darbe penetrasyonunu
geciktirmek iken, polimer panel, yayilan elastik/stres
dalgalarindan iiretilen yiiksek enerjiyi emer. Calismada,
polimer bazli bir malzeme kullanimiyla enerji
absorpsiyonunun  6nemli  dlgide  artirilabilecegi
gosterilmistir (Varma ve Sarkar, 2021). Cam elyafi,
poliamid 6 ve aramid kumas kullanilarak {iretilen
kompozit viicut zirhinin, balistik etkinligi arastirilmistir.
Ategsli silahlarla balistik ortam testleri yapilmis, iiretilen
viicut zirhinin NIJ-Standard-0101.04'e gore kentsel zirh
seviyesi III-A olarak potansiyel kullanimini saglayan 9
mm'lik  bir merminin niifuziyetini engellendigi
belirlenmistir. Ancak, 9 mm'den biiyiik kalibreli silahlarla
testlerde deformasyon olmustur. Bu yiizden seviye IV
tavsiye edilmemistir (Farias-Aguilar ve ark., 2021).
Calismada, seffaf zirh sistemleri icinde Halloysite (HNT)
ile giiclendirilmis poliiiretan bazli seffaf nanokompozit
ara katmanlarin potansiyeli arastirilmistir. Balistik
testler, poliliretan ara katmanindan nanokompozite
gecisle balistik limitte 457'den 491 m/s degerine artis
gostermistir. simiilasyon sonuglari;
nanokompozit ara katmanlarin balistik performansindaki
onemli gelismenin, basit takviye fazi olarak hareket eden
kiicik HNT  konsantrasyonundan degil,
polimerinin mikro yapisinin olusumundaki etkilerinden

Dinamik

matris

kaynaklandigini gostermektedir (Aguiar ve ark., 2022).
Bir ¢alismada, zirh uygulamalar1 i¢in takviyeli fiber

boyutlar1 ile fiber ve matris mukavemetiyle artarken, kompozit alaninda gelecekteki c¢alismalarin  bir
artan katman kalinhgiyla azalacagli Dbelirtilmistir degerlendirmesi yapilmistir. Kevlar elyafiyla
(Attwood ve ark. 2014). Bir ¢alismada, dokuma kenaf- giiclendirilmis kompozitlerin balistik uygulamalarinin
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arastirilmasi dnemli bir arastirma alanidir (Deora ve ark.,
2022). Bu grafen  bazh
nanomalzemelerin kisisel viicut zirh1 uygulamalar: i¢in
penetrasyon enerjisi, tokluk ve balistik sinir agisindan
potansiyeli arastirilmistir. Balistik performansindaki en

calismanin  amac,

son arastirmalar teorik, deneysel ve simiilasyonlar
yoluyla ele 2021).
Nanomalzemeler kullanilarak yapilan modifikasyonlar
sayesinde (cam, karbon ve aramid elyaf tiirleri igin)
egilme mukavemeti, ¢ekme mukavemeti veya kayma
mukavemeti gibi parametrelerin iyilestirilmesi
saglanabilmistir. Degerlendirmede, en yiiksek enerji
emme Kkapasitelerinin bir kesme kalinlastirma sivisi veya
kesme kalinlastirma jeli ve uygun bir fiber takviye yapisi
kullanilarak elde edildigi agiklanmistir (Czech ve ark.,
2021). Verdi ve Bulut 2022 yilinda yaptiklar: bir derleme
calismasinda, NIJ-Standardi Seviye-IV en iist koruma
diizeyine sahip plakalar hakkinda bilgiler vermislerdir.

Calismalarda, kisisel veya ara¢ koruma kapsaminda, tist

alinmistir (Naveen ve ark,

diizey malzemelerin ve elemanlarin bir araya
getirilmesiyle ortaya ¢ikan drinler oldugu
goriilmektedir. Korunma ihtiyacinin askeri amach

olmasiyla herkes tarafindan kabul goéren standartlarin
olustugu ve bu kapsamda iretilmis olan {riinlerin
kullaniminda, 6nceden belirlenmis olan giivenlikle ilgili
beklentilerin karsilanacagindan da emin olunur. Bu
standartlara ulagmak ve ist diizey korumaya sahip
olmanin bedeli yiiksektir. Bu ¢alismada,
sanayisinde ¢alismakta olan firmalar, bunlarin ytiksek
maliyetli driinleri, patentleri, standartlar1 disinda,
piyasada kolaylikla bulunabilen zorluk
olmayan, yapisal olarak bu alanda ¢alismaya uygun
malzemeler kullanarak hedef kompozitlerin {retimi
planlanmistir. Bu sekilde iretilen hedef kompozitlerin,

savunma

temininde

calisma kapsaminda 22 kalibre ve 9 mm mermi tipleri

kullanilarak yapilan silahli atiglara karst koruma
gorevlerini  yerine  getirebilirliginin  incelenmesi
hedeflenmistir.

2. Materyal ve Yontem

Kompozit malzeme matris yapisini olusturmak ic¢in
recine olarak doymamis polyester (UHMWPE),
sertlestirici olarak Metiletilketon-Peroksit (MEK-P) ve
hizlandiric olarak Kobalt (%6) kullanilmistir. Kobalt ve
MEK-P kimyasallar1 bir araya geldiklerinde tehlike
olusturacaklarindan, kullanim miktarlarinin belirlenme
asamalarinda daima ayr1 plastik kaplar ve metal olmayan
karistirma elemanlar1 kullanilmistir. Bu kimyasallarin
karisima katilan miktarlar1 diisik oldugundan 0.05 g
hassasiyette bir tarti kullanilmistir. Sigara icilmeyen ve
iyi havalandirilmis bir laboratuvarda,
koruyucu gozliik kullanilarak islemler tamamlanmistir.
Takviye malzemesi olarak dokuma tipi E-cam elyaf (500
g/m2?)  kullamilmistir. kompozit
malzemede hava kabarciklarinin hapsolmasini énlemek
amaciyla, kaliplarin baglanabildigi bir tablasi olan ve
titresim uygulayabilen, masa tipi bir titresim makinasi

eldiven ve

Dokiim  aninda

kullanilmistir. Makine 3000 devir/dakika ile tahrik
edilmektedir.

Dokiim i¢in kullanilacak kaliplar 2 sekilde hazirlanmistir.
Bunlardan birincisi; ahsap malzemeden kare yiizeyli
100x100 mm ve 20 mm bir kalinhk geometrisiyle
hazirlanan Kkaliplardir. Ikincisi ise; etli celik boru
malzemelerin tornada islenmesiyle i¢ capt 104 mm ve
kalinhigr 25 mm ol¢ililerinde hazirlanmis olan silindirik
kaliplardir. Kaliplanan matris yap1 malzemesi polyester
reginedir ve dokiim islemi siirecinde kaliplanan iiriin
kompozitte bir hacimsel c¢ekme gorilmektedir. Bu
ylzden kaliplardan alinan kompozit numuneler birebir
kalip 6l¢tilerinde degil, o anki dokiim geometrisi ve ortam
sartlarina gore kiiciik sapmalarla degisken geometrik
olciilerde elde edilmektedir. Bu diisiikk ¢ekme miktar:
silah atislarinda hedef olacak kompozit malzeme yeterli
gorlniirliikte oldugundan, c¢alisma ig¢in bir
olusturmamistir. Hesaplamalarda ise kompozit lriiniin
olctileri kullanilmistir. Kaliplarin igerisine yerlestirilen E-
cam  elyaflar, kaliplara  uygun  geometrilerde
hazirlandiktan sonra 0°, 45°, 90°, 135°, 180°, 225°, 270°,
315° gibi agilarda yerlestirilmistir. Acisal yerlesim olarak
bahsedilen uygulamada belirli bir baslangictan sonra
(her bir ag1 karsihigr bir dokuma elyaf tabaka olacak
sekilde) 8-tabaka sonrasi yine rutin 45° farklar ile

sorun

yerlesimdeki dokuma elyaf tabaka sayisi artmaktadir.
Dokuma elyaf yerlesiminde daima bir dnceki dokuma
elyaf tabakaya gore 45° a¢1 olmasina 6zen gosterilmistir.

Dokiim isleminde polyester oda sicakliginda, agirliginin
%0,2’si oraninda Kobalt eklenerek, 2 dakika siiresince
karisim homojen hale gelene kadar Kkaristirilmistir.
Devaminda karisima %2 oraninda MEK-P ilave edilmis ve
yine homojen hale gelinceye kadar 2 dakika siireyle
karistirilmistir. Malzeme bu haliyle kullanima hazirdir.
Dokiim igin hazirlanmis olan karisimin kis mevsiminde
8+2 dakika ve yaz mevsiminde ise 12+2 dakika jellesme
sliresine sahip oldugu
verilmektedir. Dolayisiyla belirtilen
doékiim titresim

dretici firma tarafindan
sire dolmadan
isleminin  ve uygulamasinin

tamamlanmis olmasi zorunludur. Bu dogrultuda,
hazirlanmis olan kompozit karisim, masa tipi titresimli
makinanin tablasinda bagl olan kaliplarin igerisinde 45°
acili diizene gore yerlestirilmis olan E cam elyaflar
oldugu halde, titresim uygulanmakta iken, kaliplarin
icerisine 6 dakika siire icerisinde dokiilerek dokim
islemi tamamlanmistir. Dokiim sonrasi, titresimli masa
tablasinda, sirasiyla silindirik kaliplarda kiirlenmeyi
bekleyen ve kaliptan alinmis kompozit numuneler Sekil
1, a, b’de verilmistir.

Doymamis polyester reginenin kiirlenme siiresi firma
tarafindan en fazla 30 dakika olarak verilmis olsa da,
doékiim sonrasi kompozit numunelere 24 saat herhangi
bir islem yapilmamistir. Bir giin sonra, kompozit
numuneler kaliplardan alinmis, geometrik ve agirhk
Olciimleri
alinmis ve yapilarina goére kodlanmis, kare ve silindirik
kompozitler Sekil 2‘de verilmistir.

yapilarak kodlanmislardir. Kaliplarindan
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Sekil 2. Kaliplarindan alinmis kompozit numunelerin kodlanmasi ve atisa hazir hale getirilmesi a) kare b) silindirik.

Sekil 3. Atislarda kullanilan silahlar, a) Sarsilmaz-B6CLR ve 22 kalibre mermi, b) Canik-TP9 Elite S Combat ve 9x19 mm

FM] RN mermi.

Uretilen  kompozit  malzemelere  mermi atis
uygulamalarinda iki silah kullanilmistir. Bunlardan
birincisi; “Sarsilmaz-B6CLR, 22 kalibre” (Sekil 3a) olup
teknik ozellikleri olarak 10 mermi kapasiteli, toplam
boyu 185 mm, toplam genisligi 28 mm, namlu boyu 107

mm, toplam yiiksekligi 128 mm, agirhgr 580 g, tetik

sistemi cift hareketli, degisebilir arpacik, igne kilidi,
ergonomik horoz ve tetik korkulugu olan bir silahtir.
Meminin ¢ekirdek agirlig: 2,59 g, namlu hiz1 330,7 m/s ve
namlu enerjisi 142,4 Joule olarak verilmistir (Bitlisli,
2019).

fkinci silah ise; “Canik, TP9 Elite-S Combat, 9x19 mm”
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(Sekil 3b) olup teknik o6zellikleri olarak, uzunlugu 185
mm, genisligi 38 mm, yiiksekligi 151,5 mm, namlu boyu
106,5 mm, agirligi 830 g olan bir silahtir. Silahin tetik
korkulugu tiizerinde tetigin cekilmesini engelleyen bir
emniyet mandali bulunmaktadir. Sarjor 2 segenekli olup,
1 adet 15 kapasiteli ve 1 adet de alliminyum uzatmal 18
mermi kapasitelidir. Hem sarjor kilidi hem de arka kabza
farkli ebatlarda sunulmustur. Tabancada polimer gévde,
igne atesleme mekanizmasi ve holografik optiklerin
silaha montajim1  saglayan 4 ayr1 tip ara yiz
bulunmaktadir. Silahin atis kontrol parcalarinin tamami
nikel ile kaplanmistir. 9x19 mm Parabellum mermisiyle
ilgili standartlar STANAG 4090'da belirtilmistir. STANAG
4090'da 9x19 mm Parabellum fiseginin mermi
cekirdeginin 16. metredeki hizi 370+10 m/s olarak
belirlenmistir (NATO, 2004). Merminin ¢ekirdek agirlig
7,45 gram ve namlu enerjisi ise 462,3 Joule olarak
verilmistir (Bitlisli, 2019).

Bu calisma kapsaminda belirtilen tiim silahla atislarin
yapildig1 yer bir poligondur ve poligonlar, emniyet
teskilati tarafindan denetlenen birimler oldugundan,
silahla atislar ve patlayici malzemeler hakkinda istenen
tlim glivenlikle ilgili tedbirlerin saglanmasinin zorunlu
oldugu yerlerdir. Poligonda atis prosediirlerine uygun
olarak deneysel ¢alismadaki tiim atislar tamamlanmistir.
Sekil 4a’da, aticinin atis yapacagl yerde hazir mermileri
ve silahlariyla hedef olarak belirlenen kompozit
numunenin standart hedef kagidina tespit edildigi durum
goriilmektedir. Sekil 4b’de ise hedefin 10 m uzaga
(otomatik olarak) goénderilmesi sonrasi atici tarafindan
atis an1 goriilmektedir. Hazirlanan tiim kompozitler 10 m
uzakta olacak sekilde atislar tamamlanmistir. Atis aninda
hedef bolgesine girisler tamamen yasaklanmis ve aticl
EN-352 standardina sahip kulakliklarini her atista
kullanmistir.

Kompozit hedef malzemelerin {retilmesinde, farkl
ihtimallerin denenebilmesi amaciyla toplam 5 grup
olarak yapilan planlama Tablo 1, Tablo 2, Tablo 3, Tablo
4 ve Tablo 5’de verilmistir. Bunlardan A, B, C, D, E, F, G, H,
] sembolleriyle tamimlanmis olanlarin timi (100x100
mm) kare Kkesitli numunelerdir. Kaliplar ahsap olup
kalinhigr 25 mm’dir. A’dan D’ye her bir sembol i¢in dort

hedef kompozit olmak {izere toplamda 16 adet
uretilmistir. Fakat silahla atis denemelerinde basarisizlig
kesinlesen hedef kompozitler icin atislara devam
edilmemistir. Tablo 1’de yer alan A’dan D’ye sekiz hedef
kompozitin tiimiine silahla atis yapilmistir. Tablo 1'de
yer alan kompozit hedefler icin siitunlarda o6ncelikle
hesaplanmis olan, kalinlik, hacim, agirlik ve yogunluk
bilgileri verilmistir. “Elyaf bilgisi” bashgl
“Dilizen_Adet” siitununda kalip igerisinde yer alan takviye
malzemesi elyaf ile ilgili yerlesim ve adet bilgisi yer
almaktadir. Buradaki “0/45°_2" bilgisinde; “0/45°" ile
dokuma elyaf tabakalarin kaliplara yerlesiminde, ilk
tabaka pozisyonu 0° kabul edilerek, devaminda her bir
yerlestirilenin, bir éncekine gore daima aralarinda 45°
bir a¢1 olmasi kastedilmektedir. Bilgideki “2” gosterimi
kalip icerisinde 2 tabaka elyaf oldugunu gostermektedir.
“Dilizen_Adet” stitunundaki “N_1" olarak yazilmis bilgide;
“N” sembolii ile dokuma elyaf tabaka tek oldugunda,
yerlestirildigi haliyle anlamina gelmektedir. Sembol “1”
rakami ile kompozitte orta bolgede yer alan bir elyaf
tabaka oldugu bilgisi kastedilmektedir. “Agirhk”
sitununda ise numunelerin agirhiklari verilmistir. “Atis
bilgisi” olarak tanimlanmis olan siitunda, atis yapilan
“Mermi” bilgisi mm veya kalibre (kal.) olarak, “Basar1”
situnu altindaki gosterimlerde; “B” ve “X” sembolleri

altinda

sirasiyla, hedef kompozitten merminin ge¢cmemis ve
gecmis olmasidir. Tablo 1'de verilmis olan tiim siitun
tanimlamalari, ilerideki Tablolarda da ayni sekilde
kullanilmistir. Hedef kompozitler icin yapilan uzunluk
6lctimlerinde 0,01 hassasiyette kumpas kullanilmistir.

Tablo 2'de verilen hedef kompozitler; E, F ve G
sembolleriyle tanimlanmistir ve her birinden ticer olmak
izere toplamda 9 adet hedef kompozit liretilmistir. Hedef
kompozitler silahla atislarda basarisiz oldugundan her
bir grubun sadece ikisine atiglar gerceklestirilmistir. Bu
ylizden, Tablo 2'de
kompozitlere yer verilmistir. Bu hedef kompozitlerin
tamami tek elyaf tabakasindan olusmaktadir. Kalinlik
olarak ise kiiciikten-biliyiige bir olciide olup (5,28

sadece silahla atis yapilan

mm’den 10,50 mm’ye) hedef kompozitin silahla atislarda
durumunun gézlenmesi amaglanmstir.

Sekil 4. Poligonda, a) atis dncesi mermiler, silahlar ve kompozit hedef, b) aticinin 10 m uzaktaki kompozit hedefe atis

anl.
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Tablo 1. A, B, C, D hedef kompozit malzemelerin hesaplari ve atis bilgisi

Kompozit Alan Kalinllk Hacim Agirhk Yogunluk Elyaf bilgisi At bilgisi
sembolii (mm?2) (mm)  (cm3) (g) (8/cm3)  Diizen_Adet Agirhik (g) Mermi Basari
Al 10198980 8,46 86,589 102,90 1,118 0/45°_2 9,05 9 mm X
A2 10170,723 8,66 88,078 105,75 1,201 0/45°_2 9,35 9 mm X
A3 10304,280 8,32 85,732 101,85 1,188 0/45°_2 9,00 22 kal,, 9 mm X, X
A4 10312,403 9,88 101,887 123,00 1,207 0/45°_2 9,05 22 kal. B

B 10154,593 10,04 101,952 128,35 1,259 0/45°_2 9,10 22 kal,, 22 kal. X, X
C1 9793,082 9,20 90,096 140,80 1,563 0/45°_2 9,40 22 kal. X
C2 9747,613 10,38 101,180 151,45 1,497 0/45°_2 9,60 22 kal,, 9 mm X, X
D 9007,908 10,49 94,493 120,35 1,274 N_1 3,35 22 kal, 9 mm X, X
Tablo 2. E, F, G hedef kompozit malzemelerin hesaplari ve atig bilgisi

Kompozit Alan Kalinhk Hacim Agirhik Yogunluk Elyaf bilgisi Atis bilgisi
sembolii (mm?2) (mm)  (cm3) (8) (g/cm3)  Diizen_Adet  Agirhk (g) Mermi Basari
E1l 9765392 528 51,562 62,55 1,213 N_1 4,50 22 kal, 9 mm X, X
E2 10489,856 4,61 48,358 60,15 1,244 N_1 4,50 22 kal, 9 mm X, X
F1 10064,102 7,23 74956 91,20 1,217 N_1 4,50 22 kal. X
F2 10893,097 7,26 79,084 98,00 1,239 N_1 4,50 22kal,22kal. X X
G1 10395,842 8,77 91,172 114,70 1,258 N_1 4,50 22 kal. X
G2 10304,280 10,50 108,195 133,45 1,233 N_1 4,50 22kal,22kal. XX
Tablo 3. H hedef kompozit malzemelerin hesaplari ve atis bilgisi

Kompozit Alan Kalinhk Hacim Agirhik Yogunluk Elyaf bilgisi Atis bilgisi
sembolil (mm?) (mm) (cm3)  (g) (g/cm3)  Diizen_Adet  Agirlik (g) Mermi Basari
H1 10654,368 9,17 97,67 112,00 1,147 0/45°_4 18,10 22 kal, 9 mm B, X
H2 10594,585 8,37 88,74 112,60 1,269 0/45°_6 26,15 22 kal, 9 mm B, X
H3 10493954 1096 1150 144,15 1,253 0/45°_8 35,05 22 kal, 9 mm B,B
H4 10485,760 10,88 114,1 126,05 1,104 0/45°_10 43,15 22 kal, 9 mm,9mm B, X X
Tablo 4. ] hedef kompozit malzemelerin hesaplar1 ve atis bilgisi

Kompozit Alan Kalinhk Hacim  Agirhk Yogunluk Elyaf-kece bilgisi Atis bilgisi
sembolil (mm?) (mm) (cm3) (8) (8/cm3) Diizen_Adet Agirlik (g) Mermi Basari
J1 10102,260 9,82 99,234 115,60 1,165 N_1 4,20 22 kal. X
]2 10008,002 8,70 87,070 102,40 1,176 N_2 8,00 22 kal. X
3 9984,006 9,42 94,070 108,70 1,156 N_3 11,80 22 kal. X
J4 9938,096 9,32 92,584 107,90 1,165 N_4 16,00 22 kal, 22 kal. X, X
Tablo 5.P,Q,R, U, V,Y, X, W, Z hedef kompozit malzemelerin hesaplari ve atis bilgisi

Kompozit Cap Kalinikk Hacim Agirhik Yogunluk Elyaf bilgisi Atis bilgisi
semboli  (mm) (mm) (cm3) () (g/cm3)  Diizen_Adet Agirlik (g) Mermi Basari
P 102,86 7,03 58,417 78,75 1,348 0/45°_9 37,75 9 mm, 9 mm X, X

Q 102,40 11,92 98,167 126,80 1,292 0/45°_9 37,75 9 mm, 9 mm B,B

R 102,61 1585 131,069 16560 1,263 0/45°_9 37,75 9 mm, 9 mm B,B

U 102,99 1049 87,389 11590 1,326 0/45°_12 44,65 9 mm, 9 mm B,B

\Y 102,25 17,31 142,139 178,25 1,254 0/45°_12 44,65 9 mm, 9 mm B,B

Y 102,28 19,71 161,941 206,05 1,272 0/45°_12 44,65 9 mm, 9 mm B,B

X 102,56 13,64 113,723 150,45 1,323 0/45°_15 55,65 9 mm, 9 mm B,B

w 102,45 16,79 138,409 181,95 1,315 0/45°_15 55,65 9 mm, 9 mm B,B

Z 102,08 22,08 180,705 227,50 1,259 0/45°_15 55,65 9 mm, 9 mm B,B
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Tablo 3’de verilen hedef kompozitler H semboliiyle
tanimlanmistir. Bunlar 4 adet iiretilmistir. Tablo 3’deki
hedef kompozitlerde elyaf tabaka sayisi sirasiyla, H1'de
4, H2'de 6, H3'de 8 ve H4'de ise 10 adet olarak
kullanilmistir. Elyaf dokuma yine kalip igerisine bir
oncekine gore daima 45° ag1 ile yerlestirilmistir.

Tablo 4’de verilen hedef kompozitler ] semboliiyle
tanimlanmistir. Bunlar 4 adet tretilmistir. Tablo 4’deki
hedef kompozitlerin digerlerinde en 6nemli farki takviye
malzemesi olarak elyaf-kece (450 g/cm?) kullanilmis
olmasidir. Hedef kompozit malzeme igyapisinda sirasiyla
Jl’de 1, J2’de 2, J3’de 3 ve J4'de ise 4 tabaka kece-elyaf
yerlestirilmigtir.

Tablo 5’'de verilen hedef kompozitler P, Q, R, U, V,Y, X, W,
Z olarak toplam 9 adet iiretilmistir. Bu hedef kompozitler
daire kesitlidir. Kompozitler, icyapida ayni elyaf tabaka
sayili (9, 12 ve 15) ¢ grup icin, kiiciikten biiytige artan
farkli kalinliklarda (7,03 mm’den 22,08 mm'’ye kadar)
hazirlanmiglardir. Olgiilen kalinliklar “kalinlik”
stitununda verilmistir.

NIJ Standart-0101.06 atesli

silahlara Kkars1 Kkisisel

zirhlarda balistik dayanim icin minimum performans
gerekenleri aciklamistir.  Bu
standartta balistik performans parametreleri mermi
kalibresi, tipi, hiz1 ve agirhgidir. Standart'da IIA, 11, IIIA,
III, IV olarak 5 farkli koruma seviyesi, gerekli mermi

ve deney yontemleri

o6zellikleri ve deney kosullar1 tanimlanmistir. Standarta
gore 5 m mesafeden yapilan atislarda, hedef ve silah
arasinda, hedeften 2,5 m mesafede bir hiz 6lcer olmasi

istenir. Atis denemelerinde Olgiilen farkli mermi
hizlariyla Dbirlikte olusan deformasyonun, ¢okiinti
miktar1  olarak  6l¢iilmesiyle  bir  degerlendirme

yapilmaktadir (NIJ, 2008). Bu c¢alismada atislarda 22
kalibre ve 9 mm mermiler kullanilmistir. NIJ Standart-
0108.01'de 22 kalibre i¢in “koruma seviyesi I” olarak
aciklanmigdir (NIJ, 1985). NIJ Standart-0101.06’da
yeralan 9 mm mermilerle ilgili detaylar Tablo 6’da
verilmistir (NIJ, 2008). Bu ¢alismada iiretilmis olan hedef
kompozitlerin, kullanilan 9 mm mermi tipine de bagh
olarak atislarinda basarili olmasi1 halinde, 1IA veya II
koruma seviyesine sahip olduklari séylenebilir.

Tablo 6. NIJ Standart 0101.06’ya gére 9 mm mermi i¢in balistik test kriterleri (NIJ, 2008)

. Mermi Sarth Yeni Panel Panel basina Panel Max. arka
Zirh Test Mermi o . . .
tini  atisi  kalibresi agirhgr  mermihizi mermihizi  basina0°  30°veya45° Dbasinaatis  yilizey def.
P s (8) (m/s) (m/s) act ile atis act ile atis (adet) (mm)

A 1 9 mm 8.0 355 373 4 2 6 44

FMJRN 124 grain

9 mm 8,0

II 1 379 398 4 2 6 44

FMJRN 124 grain
Ozel Zirh performansi ve atis gerekenleri zirh tipine bagli olmalidir.

3. Bulgular ve Tartisma
Tablo 1'den Tablo 5’e kadar
kompozitlerin  boyutlarindan  hacim

tim hedef
degerlerinin

olan

hesaplanmasi, devaminda hassas tartim ile birlikte
yogunluk hesabinin yapilmasiyla fiziksel
belirlenmistir. Bu bilgiler ve dokuma elyaf tabaka
sayisiyla birlikte, kalinligin da dikkate alinarak, hedef
kompozitlerin atisa
belirlenebilmesi hedeflenmistir.
IIk silahla atis denemeleri, Tablo 1’de A1, A2, A3, A4, B,
C1, C2 ve D olarak verilen hedef kompozitlere yapilmistir.
Bu kompozitlerin igyapilar1 benzerdir ve dokuma elyaf 2
adet 0/45° olarak yerlestirilmistir. Al’den C2’ye kadar
olan kompozitler de sirasiyla en kii¢ciik ve en biiyiik
kalinlik degeri (A3) 8,32 mm ve (C2) 10,38 mm olarak
olctilmiistiir ve bunlar arasindaki fark ayni zamanda bu
gruptaki tim kompozitlerin kalinliklar1 arasindaki en

ozellikleri

silahla karst  dayaniminin

biiyiik fark olan 2,06 mm’dir. Kalinhlk parametresi
kompozitin kalinlig1 olup, kompozit yiizeyine dik olarak
gelen merminin sahip oldugu enerjiyle, asmaya ¢alistig1
uzunluk o6lciisiidiir. Merminin hareket dogrultusuna
paralel bir diizlem tamimlanirsa, kompozitin kalinlik
Olciisli ve bu 6l¢ii de yapi igerisinde var olan ilave katki

malzemeleri, mermiye diren¢ gosteren elemanlar

olacaktir. Kalinlik 6l¢iisii, hacim hesabi ve devaminda
agirlik 6lgim degeriyle birlikte yogunluk hesabinda da
kullanilmistir.  Yogunluk hesab1 ile birim hacimdeki
agirhik belirlenmis olacagindan, kompozitin mermiyi
yakalamas1 veya merminin kompoziti agsmasi hallerinde
agirlik parametresiyle de bir degerlendirme yapilmasi
hedeflenmistir. Tablo 1 ve devamindaki Tablolar da dahil,
“kalinhik” ve “yogunluk” parametreleriyle birlikte “Atis
bilgisi” kapsaminda “mermi-hedef kompozit” olarak atis
Bu gruptaki hedef
kompozitlerin yogunluklar olarak sirasiyla en kiiciik ve
en blyiik degerler, (A1) 1,118 g/cm3 ve (C1) 1,563 g/cm3
olarak hesaplanmistir. D hedef kompozit ise kalinligi
grubun en biiyiigi ve igyapida ise tek bir dokuma elyaf
tabaka haliyle hazirlanmistir. Yogunluk degeri olarak
Tablo 1’in ortalamasi bir degere sahiptir.

Tablo 1’deki tiim hedef kompozitlere, “Atis bilgisi” ile
verilen, 7 adet 22 kalibre ve 5 adet 9 mm mermiler
kullanilarak silahl atislar yapilmistir. Tabloda verilen 12
atistan sadece bir tanesi (A4 ve 22 kalibre) basaril
olarak merminin gegmesine izin vermemis fakat 11 atista

sonrasi durum incelenecektir.

ise mermiler hedefleri asmis ve hedef kompozitler
basarisiz olmustur. Atis sonuglar1 bu grubun tamaminin,
mermiyi 6nleme adina basarisiz oldugunu gostermistir.
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D hedef kompozitte kalinlik artsa da tek bir elyaf tabakasi
mermiyi yakalamak igin yeterli olamamistir. Al’den
C2’ye kadar olan hedef kompozitler de, 0/45° yerlesimin
ve mevcut kalinliklarinin, mermiyi énlemek icin yetersiz
kaldig1 belirlenmistir. Atislarda sadece 12 atistan 1’inin,
(A4) 22 kalibre icin, basarili demek, hayati 6nem tasiyan
bu tiir olaylarda, 12 atisin 11’inin basarisizlig1 sebebiyle,
kabul edilebilir bir sonug olarak degerlendirilmemelidir.
Sekil 5’de A4 hedef kompozit plakanin atis sonrasi 6n ve
arka yiizii verilmistir. On yiizde, daireyle isaret edilen yer
merkezi atista merminin isabet ettigi noktay1 ve darbe
etkisiyle kompozitte olusan hasar gortlmektedir. Arka
ylzde, daire disindaki bélge orijinal dokuma elyaf
tabakas1 yapida belirgin sekilde goriiniir iken, daire
olarak isaretli bolge diger tarafa gore kiiciik bir bombe
formunu almistir. Fakat hedef kompozit merminin
gecmesine izin vermemistir.

Yogunluk degerleri birbirlerine oldukca yakindir ve
sadece ondalik kisimda degiskenlik goriilmiistiir. Silahl
atis sayisi toplam 10 olup, 8'i 22 kalibre ve 2’si 9 mm
olarak tamamlanmistir. Bu grupta yer alan tim hedef
kompozitler silahli atislara karsit mermiye engel
olamamuistir.

Sekil 6’da F2 hedef kompozitin silahla atis sonrasi
durumu goriilmektedir. F2 kompozite 22 kalibre silahla 2
atis yapilmistir. Hedef kompozitin 6n yiizeyinde daire
icerisinde isaretlenen bolgelere mermi isabetiyle matris
ve elyaf yapt deforme olmus ve mermi arka yilizden
cikmistir. Arka ylizey goriintlisiinde hasar gorerek agiklik
olusmus dokuma elyaf tabakalar1 gorilmektedir.
Merminin isabet ettigi noktalarda matris yap1 ve elyaf
tabakasinda biiyiik hasar olusmustur. I¢yapidaki tek

elyaf tabakasi ve hedef kompozitin kalinligi mermiyi
engellemek icin yeterli olmamistir.

Sekil 5. A4 Kompozitin atis sonrasi 6n ve arka ytzii.

Tablo 2’de verilen E, F, G hedef kompozitler icyapida tek
bir elyaf tabaka yerlesimiyle, 6zellikle farkh kalinliklarda
olacak sekilde tiretilmistir. Kompozitlerin kalinliklarinin
sirasiyla en kiiclik ve en biiylik degerleri olarak (E2) 4,61
mm ve (G2) 10,50 mm olarak odl¢iilmistiir. Yogunluklar
sirastyla en kiiciik ve en biiyiik degerler olarak (E1) 1,213
g/cm3 ve (G1) 1,258 g/cm3 olarak hesaplanmistir.

Sekil 6. F2 Kompozitin atis sonrasi 6n ve arka yiizeyleri.

Tablo 3’de H hedef kompozitlerin i¢gyapisinda dokuma
elyaflar 0/45° ve sirasiyla 4, 6, 8, 10 adet olarak
yerlestirilmistir. Kalinlik olarak ise sirasiyla en kiiciik
deger ve en biiytlik degerler olarak (H2) 8,37 mm ve (H3)
10,96 mm olarak o6l¢iilmiistiir. Artan dokuma elyaf
sayisinin ve artan ylikseklik olgilerinin, silahla atis
sonucuna etkilerini gézlemek hedeflenmistir. Uretilen H
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hedef kompozitlerin  yogunluklar1 incelendiginde
sirasiyla en Kkiiciik ve en biiylik degerler olarak, (H4)
1,104 g/cm3 ve (H2) 1,269 g/cm3 hesaplanmistir.
Yogunluk degerleri elyaf tabaka sayisindaki artisla
azalmistir.

Sekil 7’de H4 hedef kompozitin silahla atis sonrasi 6n ve
arka yiizeylerinin goriintiisii verilmistir. H4 kompozitte,
On yiizde, 9 mm iki atis, sekilde ilist ve merkezdeki daire
isaretleriyle verilmistir. Hedef bu iki noktada 9 mm
merminin ge¢cmesine engel olamamustir. On yiizdeki altta
goriilen daire isaretli nokta ise 22 kalibre merminin
isabet ettigi noktadir. Hedef malzeme 22 kalibre
merminin ge¢mesine engel olmustur. Sekilde arka yiiz
goriintiisiinde {ist ve ortada yer alan daire isaretlerinde,
9 mm’lik iki mermi ile atis sonucu hasar goérmiis dokuma
elyaflar goriilmektedir. Sekilde arka yiiziin oldugu
goriintiide alt kisimda isaretli dairede ise elyaflar da 22
kalibre’lik atisa ragmen herhangi bir hasar olusmadigl
goriilmektedir. H4 kompozit 22 kalibre mermiyi
engellemistir. H4 kompozitin atis sonrasi kesilmis hali
Sekil 8'de verilmistir. Kompozitin kesilmis yiizeyinin
gorlintiisii  incelendiginde, 22 kalibre merminin
engellendigi alt bolgenin, 9 mm mermilerin gectigi orta
ve lst bolgeye gore iiretim sonrasi orijinal kalinhigin
korudugu goriilmektedir. Mermilerin 9 mm delici hasar
olusturarak gectigi orta ve st bolge ise elyaf hasarlari
etkisiyle biiylimiis bir 6l¢ii olarak goriilmektedir.

Sekil 7. H4 Kompozitin atis sonrasi 6n ve arka ytizeyleri.

Sekil 8. H4 Kompozitin atis sonrasi kesilmis hali.

H grubunun tiimiinde, 22 kalibre 4 atis, 9 mm 5 atis ve
toplamda 9 atis yapilmis ve bunlardan 22 kalibrelerin
timi hedef kompozit adina basarili olmus ve merminin
gecmesine engel olmustur. Hedef kompozitler 9 mm tiim
atislarda basarisiz olmus ve mermiler hedefi delerek
gecerken, hedef kompozit hasar géormiistiir.

Tablo 4'de ] semboliiyle verilen hedef kompozitler
icyapisinda dokuma-elyaf yerine kege-elyaf (1, 2, 3 ve 4
tabaka olarak) kullanilmistir. Burada goézlenmek istenen,
dokuma elyaf yerine kege elyaf olmasi halinde silahla
atislarda hedef kompozitin durumunu belirlemektir.
Kompozitler igerisinde kalinlik olarak sirasiyla en kii¢iik
ve en biyiik degerler (J2) 8,70 mm ve (J1) 9,82 mm
olarak oOlciilmiistiir. Yogunluk degerleri sirasiyla en
kiiglik ve en biiyiik degerleri ise (J3) 1,156 g/cm3 ve (J2)
1,176 g/cm3 olarak hesaplanmistir. Kompozitlerin
kalinlik ve yogunluklarinin birbirlerine yakin degerlerde
oldugu belirlenmistir. Kege elyaf hedef kompozitlere 22
kalibre 5 adet mermi ile atis yapilmis ve atiglarin timi
basarisiz olmustur. Bu yiizden, ¢alismadaki denemeler
kapsaminda, kece-elyaf kompozitlerin savunma igin
yetersiz oldugu belirlenmistir. Sekil 9'da atis yapilan J4
kompozitin 6n ve arka yiizeyleri verilmistir. On yiizeyde
belirgin olan 22 kalibre mermi ile 2 atista arka ytlizeyden
gecmislerdir. Atislarda gozlenen diger bir konu ise
elyaf hedef kompozitlerin kece elyaf
kompozitlere nazaran daha direngli olduklaridir.

Tablo 5’de P’den Z'ye kadar verilen hedef kompozitlerde
ortak ozellikler, igyapidaki dokuma elyaflarin 9, 12, 15
adet (0/45° dizilimde) yerlestirilmesi ve farklh
kalinliklara sahip silindirik disk olarak iiretilmeleridir.
Kompozitlerden alinan ¢ap, kalinlik oOl¢iimleriyle
hacimleri ve agirlik 6lctimleri sonrasi da yogunluklari
hesaplanmistir. Yapilan kalinlik 6l¢iimlerinde sirasiyla en
kiiciik ve en biiyiik degerler (P) 7,03 mm ve (Z) 22,08
mm’dir. Sirasiyla en kiicik ve en biiyiik yogunluk
degerleri ise (V) 1,254 g/cm3 ve (P) 1,348 g/cm3 olarak
hesaplanmistir. Silahla, tek tip 9 mm mermi kullanilarak,
her bir hedefe 2 olmak iizere toplamda 18 atis
yapilmistir.

dokuma
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Sekil 9. ]J4 Kompozitlerin atis sonrasi 6n ve arka
ylizeyleri.

Sekil 10a’da, atis sonrast P kompozit goriilmektedir.
Kompozitin oklarla isaretlenmis noktalarina (9 mm)
mermi isabet ettiginde, ikinci mermi sonrasi ikiye
ayrilmis ve her iki atista da mermiler kompozitten
gecmis ve hedef basarisiz olmustur. Tablo 5’de, verilen
disk P kompozitin kalinlig1 7,03 mm’dir ve bu kalinlik 9
mm merminin gecmesi icin 9 tabaka dokuma elyafa
ragmen yeterli olamamistir. Kalinliginda o6nemli bir
parametre oldugu ve bu olciiye dikkat edilmesi geregi
aciktir. Sekil 10b’de, ok ile isaretlenmis noktaya mermi
isabet etmis fakat oldugu yerden ileriye gidemeyerek
geriye sekmistir. Q kompozit kalinlig1 11,92 mm’dir ve bu
kalinlik ve buradaki 9 kat dokuma elyaf ile olusan yap1
merminin gegmesine izin vermeyerek basarili olmustur.
Sekil 11a’da, R kompozitin durumu goriilmektedir.
Sekilde ok ile isaretlenmis noktaya mermi isabet ettigi
halde yap1 merminin ge¢mesine engel olmus ve basarili
olmustur. Sekil 11b’de, ilk atislar sonrasi (Sekil 2b’de
gorillen dizilimle aym) kompozitler verilmistir.
Kompozitlerin iizerinde oklarla isaretlenmis noktalarda,
kompozite isabet ettigi halde, gegmesine engel olunmus
(saplanmis) mermiler gorilmektedir. P numunesi harig¢
geri kalan tiim hedef kompozitler Tablo 5'de goriildiigii
gibi 9 mm merminin gecmesine engel olarak basarili
olmustur.

Sekil 11. Atislar sonrasi numuneler a)R silindirik
kompozit b)Tiim silindirik kompozitler.
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Sekil 12’de ”6n” ve “arka” olarak verilenler, atislar
sonrast mermi c¢ekirdeklerinin sirasiyla én ve arka
yizeyinden goriiniisleri olup, Sekil lizerinde b’den fye
kadar harf sembolleriyle tanimlanmistir. Bu mermi
cekirdekleri, Sekil 11b’de basarili olmus kompozitlerin
uizerinde oklarla isaretlenmis olan mermi ¢ekirdekleridir.
Sekil 12.6n.a ve Sekil 12.arka.a’da verilmis olan mermi
cekirdegi, hasara ugramamis, hedefi bulamayan veya
hedefi gecen mermilerden biri olup orijinal boyutlara en
yakin haldedir. Sekil 12.6n ve arka goriiniislerdeki b’den
f'ye kadar olan mermi ¢ekirdekleri incelendiginde, mermi
cekirdeklerinin tiimiine bir basma deneyi uygulanmis
gibi goriinmektedir.
mermi ¢ekirdekleriyle ilgili agirhk, cap ve uzunluk
olctimleri yapilmis ve bunlar Tablo 7’de verilmistir. Atis
sonrasl namludan ¢ikip deformasyona ugramamis mermi
cekirdeginin agirlik, c¢ap ve uzunluk parametreleri
referans olarak alinmistir. Deformasyona ugrayan mermi
cekirdeklerinde (agirlik, cap ve uzunlukta) degiskenlikler
olsa da en biiyiik 6l¢lim degerleri dikkate alinmistir.

Hedef kompozitleri gegememis

Tablo 7’de, b’den f'ye kadar olan mermi ¢ekirdekleri i¢in
agirhk degisimi, ¢capta biiylime ve uzunlukta kiiciilme
degerleri (oran olarak) verilmistir.

Agirliklar olarak hasara ugramamis mermi ¢ekirdegi 8,00
g iken, atis sonrasi tiim mermi ¢ekirdekleri bu degerin
altinda degerler alarak oran olarak sirasiyla en kiigiik ve
en biiyik degerler 1,08 ve 1,10 olmustur. Hesaplama
sonuclarina gére mermi c¢ekirdeginin “capta biliylime”
degerleri oran olarak sirasiyla en az ve en ¢ok olarak 1,64

d €]

ve 1,96 olmustur. Hesaplama sonuglarina gére mermi
cekirdeginin “uzunlukta kiigiilme” degerleri oran olarak
sirasiyla en az ve en ¢ok olarak 1,48 ve 2,35 olmustur.
Aus cekirdeginin hedef kompozite
temasinda, cekirdegi hedefi asamadiginda,
carpisma gercekleserek, olusan darbe etkisiyle hedef
kompozite itme kuvveti uygularken mermi c¢ekirdegi
form degisikligine ugramis ve deformasyon 6zellikle ¢cap
ve uzunlukta belirginlesmistir.

Calismada
hazirlanmasinin

sonrasl mermi

mermi

hedefler
korunma

oncelikle kare seklinde
sebebi, o0Ozellikle Kkisisel
kapsaminda bir giivenlik yeleginde hazirlanmis olan
kiiciik ceplere yerlestirilebilecek plakalar olarak
disiiniilmesindendir.  Uygulamada NIJ  Standart-
0101.06’da 6ngoriilen 5 m atiglara gére mesafenin 10 m

veya daha uzun mesafelere artmasi, atis1 uzman aticinin

yaplyor olmasina ragmen hedefe isabet
zorlasabilmektedir.  “Uluslararast  Aticlhik  Sporlari
Federasyonu (ISSF)”, “kurallar ve genel mevzuat”
yayininda  hedeflerle ilgili ac¢iklamasinda;  ISSF

sampiyonalarinda kullanilan hedefler; tiifek ve tabanca
yarigmalari i¢in elektronik puanlama hedefleri veya kagit
hedef, yivsiz tiifek yarismalari icin plaklar olarak
verilmistir. Tim hedefler,
puanlama halkas1 boyutlari

bu kurallarda verilen
veya diger ozelliklerle
uyumlu olmalidir seklinde agiklanmistir (ISSF 2017).
Silah tipleri ve atis mesafesine gore hedefler de degisiklik
gostermektedir.

AR

Sekil 12. Atislar sonrasi (a harig) basarili kompozit hedefleri gecemeyen mermi ¢ekirdeklerinin dn ve arka yiizeyleri.

Tablo 7. Atis sonrasi hedef kompozit malzemelerden gegememis mermi ¢ekirdeklerinin agirlik, cap ve uzunluk degisimi

Mermi Agirhik Agirhik Cap Capta Uzunluk Uzunlukta
sembolii (g) degisimi (mm) biylime (mm) kii¢clilme

a 8,00 1 9 1 15,72 1

b 7.40 1,08 15,64 1,74 6,77 2,32

c 7,35 1,09 14,80 1,64 8,04 1,95

d 7,25 1,10 17,35 1,93 10,61 1,48

e 7,35 1,09 17,65 1,96 8,09 1,94

f 7,30 1,10 16,54 1,84 6,68 2,35
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Calismanin devaminda dairesel geometrili hedefler
liretilmesinin nedeni ise genellikle hedeflerde var olan
bir halka formu ve kare numunelere gore daha biiylik
olctideki daire geometrisinin isabet alma kolayhgi da
etkili olmustur.

4. Sonug¢

Bu calismada, bu alana uygun o0zel gelistirilmis
malzemeler disinda, temininde zorluk olmayan, kolay
bulunabilir ve kompozit matris yapi olusturabilen
bilesenler kullanilarak, farkli katmanlara sahip dokuma
cam elyaf takviyeli, diisiik agirlikl, hedef kompozitler
iiretilebilmistir. Uretilmis kompozitlerden belirli bir
yapilya, 22 kalibre ve 9 mm mermi kullanarak atis
poligonunda yapildiginda,
seviyesinin I1A olarak tanimlanabilecegi belirlenmistir.

silahla atislar koruma
Calisma kapsaminda belirlenen 6nemli parametrelerden
birincisi, mermi hareket yoniindeki diizlemde plaka
hedef kompozitin kalinlik 6l¢iisii, ikincisi ise, yap1
icerisinde bulunan dokuma elyaf tabakalarinin sayisi
oldugu belirlenmistir.

Calisma kapsaminda, yapilan silahla atislarin sonuglarina
gore plaka hedef kompozitin kalinlik 6l¢iisiiniin 12
mm’den biliylik ve icyapida yerlestirilecek dokuma elyaf
tabaka sayisinin 9’dan biiyiik olmasi gerekmektedir. Elyaf
tabakalar agirlik olarak diisiik degerlerdedir ve matris
yapiyl olusturacak kullanimiyla
karsilastirlldiginda ihmal edilebilecek miktarlardadir.
Buna karsilik olusan malzemenin mermiye Kkarsi
dayanimi agisindan  biiytik  katki  saglamaktadir.
Dolayisiyla daha biiyiik kalibreli mermilere karsi koruma
istenen kompozitler (0°/45° gibi)
onemseyerek elyaf tabaka sayisi daha da arttirilmahidir.
Calismada hedef kompozitin basarili oldugu ve mermi
cekirdeginin geg¢mesine izin vermedigi durumlarda,

malzeme

icin  yerlesimi

mermi ¢ekirdeginin atis 6ncesi ve atis sonrasi agirliginda
azalma, ¢apinda biiyiime ve uzunlugunda kiiciilme tespit
edilmistir. Mermi c¢ekirdeginin atis dncesi ve sonrasi
ozellikleri degisiklikleri
azalmanin

oranlanarak durum

aciklanmistir.  Buna agirliktaki
degisimler ortalamasi 1,09 g olarak hesaplanmistir.
Agirliktaki  bu  degisimin  sebebi
¢ekirdeginin hedef kompozit ile temasinda olusan darbe
sonrasl yapisal kayiplar seklinde
degerlendirilmistir. Mermi cekirdeginin ¢apinda ise bir
biiyiime belirlenmistir. Captaki biiylimenin degisimler
ortalamasi 1,82 mm olarak hesaplanmistir. Mermi
¢ekirdeginin uzunlugunda ise bir kigiilme oldugu
belirlenmistir.  Uzunluktaki degisimler
ortalamasi ise 2,01 mm olarak hesaplanmistir. Mermi
¢ekirdeginin ¢apinin biiylimesi ve uzunlugunun kisalmis
olmasi merminin kiitlesi ve biiylikk hizi sebebiyle
kendisinden daha biiyiik bir kiitle ile esnek olmayan bir
garpisma yapisal olarak carptigi yiizeye
y1gilmasiyla gerceklestigi diisiintilmektedir.

Calismada belirlenmis olan sinir degerlerin tizerinde bir
kompozit plaka iretimi ile 22 kalibre ve 9 mm
mermilerin, hedefe dik geldikleri halde

gore;

olarak mermi

olmasi

kiiglilmenin

sonrasi,

engellenebilecekleri belirlenmistir. Hayati énemi olan
koruma istegi icin bu g¢alismada belirlenmis olan
degerlerin lizerinde degerler dikkate alinmasi yerinde
olacaktir. Ciinkii koruma sistemiyle ilgili Gretim teknigi,
kullanilan mermiler ve silahlar, ortam sartlar1 gibi
etkenler triiniin hedeflenen balistik ozellikleri adina
etkili olmaktadir. Tasarlanacak ve iiretimi yapilacak
koruma sistemlerinin, hedeflenen koruma seviyelerini
yakalayabilmesi i¢in, mutlaka saha deneylerinin % 100
basariyla yapilmasi ¢ok 6nemlidir.

Calismada {lretilen plaka hedef kompozitler, sadece
calisma kapsamindaki mermi kalibrelerine karsi bir
kisisel koruma amagch yelek olarak degerlendirilebilir.
Fakat saldir1 daha biiyiik kalibreli silahlarla yapilirsa, bu
durumda korumanin gecersiz kalacagl bir gergektir.
Tasarim sartlar1 6nemli oldugundan, ancak kesin bilinen
bir tehdide karsi koruma 6nlemi yeterli olabilir. Kisisel
korunma disinda bir ara¢ uygulamasi olarak, belirlenecek
kalibreler icin plaka hedef kompozitlerin koruyuculugu
calismalari yapilabilir.

Calismada doymamis polyester recine tek tip olarak
cokca kullanilan ve kolay bulunabilirlige gore se¢ilmistir.
Calisma kapsami farkli recine tipleriyle genisletilebilir.
Farkli yap1 olusturabilecek yap1 bilesenleri yaninda
takviye malzemeleri de degistirilebilir. Calismada silahla
atislarda tek bir mesafeye (10 m) ait denemeler
yapimistir. Atis mesafeleri degistirilerek, merminin daha
yakin veya daha uzak mesafelerden atilmasi sonucu,
plaka hedef kompozitler tizerindeki etkileri incelenebilir.

Katki Orani Beyani
Yazarin katki yiizdesi asagida verilmistir. Yazar makaleyi
incelemis ve onaylamistir.

E.A.
K 100
T 100
Y 100
VTI 100
VAY 100
KT 100
YZ 100
KI 100
GR 100
PY 100
FA 100

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alim1.

Catisma Beyani
Yazar bu ¢alismada higbir ¢ikar iliskisi olmadigini beyan
etmektedirler.

Destek ve Tesekkiir Beyam

Calismada, silahla tiim atislar Balikesir Poligon’da,
Uzman Atict Ayhan Bastiirk tarafindan yapilmis ve
calisma siliresince destegini esirgememistir, bunun ic¢in
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kendisine ve tiim gilerytzlii poligon c¢alisanlarina
tesekkiir ederim.
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1. Introduction

Proportional integral derivative (PID) control which
depends on a common feedback form is one of the earlier
control types (Ang et al., 2005). The first usage of the PID
controller was pneumatic devices and
electronics where the traces are found in the 1940s,
before arriving at today’s implementation of computer

solid-state

structures (Verma and Padhy, 2020). It is very popular in
control system theory and applications because of its
simple control structure, algorithm, good robustness, and
stability. However, the PID controller has disadvantages
in that it is not suitable for non-linear and long-time-
delay systems since the arrangement and investigation of
suitable P, [, and D parameters and their combination is a
cumbersome process. In the last few decades, by evolving
computer technology and control theories, it was
possible to incorporate the innovations of estimation
algorithms and neural networks into the area of control
problems (Guo et al., 2009; Hernandez-Alvarado et al,,
2016; Adar, 2021).

Adaptive algorithms, which can globally stabilize systems
having spike noises, bounded external disturbances, and
time-varying parameters with no limitation on signals in
the closed-loop system, still exist in many commercial
control systems (Huo and Xiong, 2019). Among them, the
adaptive PID controllers are the most popular (Bolton,
2015). An adaptive PID controller adapts to the process
conditions on-line by making necessary changes in the
values of Kp and Ki (Conker and Baltacioglu, 2020). This
type of controller benefits from several advantages, such
as the ability to ensure system stability, not excessively

relying on models, achieving a given system target
asymptotically, and improving itself in response to
changes in system dynamics.

Backpropagation neural network (BPN) is one of the
most well-known and common methods which is used to
minimize the error of possible objective functions
(Oztekin and Ozgan, 2012; Chen and Gu, 2020). Although
this approach seems suitable for control system
identification problems, however, it has some drawbacks
in real-time applications because of long training time
and slow performance issues (Orozco-Tupacyupanqui et
al,, 2016). Another well-known approach in literature for
minimizing the error is the LMS algorithm. This
algorithm is generally used in detection and estimation
theory (Antony Dhas and Chandrasekaran, 2019; Zayyani
and Javaheri, 2021). It is also possible to use this
algorithm for minimizing the error of the objective
function (Akhyar and Omatu, 1993; Guo et al, 2009;
Hernandez-Alvarado et al, 2016). One of the main
drawbacks of LMS is that it is sensitive to the input
function, and this leads very difficultly to determine the
learning rate that guarantees stability (Haykin, 2005).
Further normalization of input power solves this
problem (Haykin and Widrow, 2003). The adaptive
neural network PID controller and adaptive least mean
square PID controller, which are new kinds of controller
have been offered and developed in order to get rid of the
above-mentioned problems (Guo et al, 2009; Bai and
Zhang, 2018).

The integration of more than one algorithm has also
demonstrated promising results in many adaptive
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control problems, and further research is required in this
direction. Different types and combinations of hybrid
algorithms have been developed in many papers (Qiao et
al, 2017; Mahmoodabadi et al, 2018; Moayedi et al,
2019; Pandey et al,, 2021; Carvalho et al, 2021; Tamer et
al.,, 2021; Alkrwy et al,, 2021, El-Nagar et al., 2022) to find
gains of different controller types to enhance the system
transient response as well as to ensure the robustness
and stability of the system. Text detection and character
recognition are successfully achieved by weighted naive
Bayes classifier and deep neural network (DNN)-based
adaptive galactic swarm optimization (GSO) (Pandey et
al., 2021). A hybrid neuro particle-based optimization
(PSO) of the artificial network (ANN) is
investigated for slope stability calculation (Moayedi et al.,
2019). A control optimization system based on hybrid
intelligent technology is proposed to obtain the minimum
energy consumption
process (Qiao et al, 2017). Compared to the traditional
PID and data-driven adaptive optimal
(DDAOC) methods, the simulation results of the proposed
method show better performance. Another hybrid
controller based on the robust decoupled sliding mode
and adaptive feedback linearization is being studied
(Mahmoodabadi et al., 2018). A control algorithm based
on the weighting sum of the feedback linearization (FBL)
and decoupled sliding mode control (DSMC) methods is
proposed, as the main idea of this is to enhance efficiency
and robustness against uncertainties. The results show
that the dynamic responses obtained from the proposed
hybrid controller are much faster than those obtained
from the FBL, DSMC, and other approaches considered in
the literature. In (Alkrwy et al,, 2021), a new method for
adjustment of the PID parameters to improve the

neural

in the wastewater treatment

controller

tracking performance of DC motors also provides optimal
stability by creating a hybrid PID - Crow search algorithm
(CSA) predictive model for tuning parameters of the PID
controller of DC motors. The presented results proved
that the proposed hybrid system provides the best set of
transient responses (rise time, stability time, and
minimization in settling time and eliminating steady-

state error) specifications compared to four different CSA
releases based on various performance response
indicators. Moreover, it is compared with other tuning
methods such as PSO-based console, and Ziegler Nichols
tuning method. To handle a nonlinear system, a new
hybrid deep learning neural
(HDLNNC) is proposed based on a self-organizing map of
the Kohonen procedure and Hebbian learning (El-Nagar
et al,, 2022). It can be concluded that the robustness of
the proposed hybrid controller has better performance
and faster recovery ability from parameter variations
and disturbance signals as compared to multilayer feed-
forward neural network controllers. In (Carvalho et al.,
2021), the development of a Fuzzy-PID hybrid controller
to control a quadrotor Unmanned Aerial Vehicles’ (UAV)
height stability is discussed. The performances of
traditional PID and the proposed hybrid controller are
also given. From the results, both PID and Fuzzy-PID
controllers could perform the attitude control of the UAV.
However, the hybrid control strategy obtained some

network controller

advantages, such as self-adjustment through system
The PSO algorithm is implemented to
optimize and tune PI controller parameters of DC bus
voltage control of the shunt active power filter (Tamer et
al, 2021). The reference current is obtained using an

variations.

adaptive linear neuron. These networks are trained
online using the LMS algorithm. The proposed hybrid
control algorithm presents higher efficiency in terms of
harmonic current mitigation, power factor correction,
and DC-link voltage regulation. The comparison of hybrid
algorithms compared to their origin algorithms is
summarized in Table 1.

The aim of this paper is the presentation of a novel
hybrid scheme for the adaptive PID controller by
combining two traditional algorithms which are BPN and
LMS, to take advantage of both. These algorithms have
not been previously combined in the literature not only
for optimization but also for control problems. Generally,
the proposed hybrid algorithm improves the transient
response and has a much higher probability of
convergence than that of BPN and it is faster than LMS

Table 1. Performance of hybrid algorithms compared to their origin algorithms

Hybridized Methods

Performance comparisons

DNN-GSO (Pandey et al. 2021)
ANN-PSO (Moayedi et al. 2019)
PID-DDAOC (Qiao etal. 2017)
DMSC-FBL (Mahmoodabadi et al. 2018)

CSA-PID (Alkrwy et al. 2021)

HDLNNC (El-Nagar et al. 2022)
Fuzzy-PID (Carvalho et al. 2021)
PSO-LMS-PI (Tamer et al. 2021)

Improved precision, accuracy, and F1-score

Improved R2 and lower RMSE

Energy consumption decreased by 13.6%

Improved robustness and effectiveness

Improved the steady-state error, step response stability, overshoot, rising

time, and settling time

Fast learning, stable controller, reduced system uncertainties

Reduced overshoots and undershoots
Higher efficiency, improved power factor

It differs in a certain way from the aforementioned
studies by using simultaneous weight vector updates to
assign new PID gains. The performance metrics of the

proposed method are found superior to the origin
algorithms. The results also verify that this methodology
provides a better response in periodic incremental and
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decremental systems. However, it is difficult to guarantee
its effectiveness in the first step response of some
scenarios, because the hybrid algorithm essentially
depends on the success of origin algorithms.

To summarize, the main contributions of this paper are:

e A hybrid framework is proposed, consisting of BPN
and LMS algorithms, for improving the transient
response of a linear system.

e The performance of each algorithm and comparison
with the hybrid algorithm is identified.

o Different scenarios are tested to figure out the
sensitivity of the hybrid algorithm.

e A weighting coefficient is assigned to adjust the

level,

hybridization and the performances of

different hybridizations are compared.

2. Material and Methods

2.1. System Structure and PID Controller

The PID controller which combines the parallel
connection of P, I, and D types of the controller is an
essential element of a feedback control system. Even
though different combinations of these control types
existsuch as P, 1, D, P, PD, and PID controllers, pure [ and
D controller are not recommended. The PID controllers
are given relatively better results compared to the other
type of controllers for a linear system (Jaleel and Thanvy,
2013).

The structure which is shown in Figure 1 is a closed loop
of the discrete-time system. In this system, r(n) is input,
e(n) is error signal, u(n) is control input, y(n) is output,
and the plant is a controllable process. In our system, all
variables are in the discrete-time domain.

The equation (1) of the digital incremental PID controller
is given as follows (Guo et al., 2009):

) ? sln) PID Controllerlﬂbl Plant l__’V(”)

I

Figure 1. Structure of the discrete-time system.

umn)=un—-1)+ Kp(e(n) —e(n— 1))
+ K; e(n)
+ Kd(e(n) —2e(n—1)
+ e(n— 2))

1)

where K, is proportional, K; is integral, and Kq is the
derivative gains of the PID controller. These parameters
should be auto-adjusted. Three parameters describe the
whole system adjustment, in this work, it will be
mentioned how those should be adjusted in three
different approaches.

The implementation is applied to the linear system using
MATLAB. The linear model of the system was given in
equation 2:

y(n + 1) = 0.998y(n) + 0.232u(n) (2)

Where the system is a single input single output of a
temperature control process for a water bath. The details
of the plant and results of experiments on a physical
system can be found in (Akhyar and Omatu, 1993). The
experiments were carried out when the volume of a
water bath was 7 liters, the power of the electric heater
was 600 W, the references were 40 °C, and the sampling
time was 30 seconds. The control input was limited to
between 0 and 5 volts. They used a pure BPN-based
adaptive PID controller and reported successful results
for both simulation and implementation.

This work adds a parallel running LMS algorithm to the
previous version of the work (Akhyar and Omatu, 1993),
providing efficient improvements in weight updates. To
investigate the sensitivity of the hybrid algorithm, the
simulations are repeated for different initial PID gains,
learning rates, targets, and hybridization levels. It is
important to note that the initial settings of PID are
determined to make the system stable. The PID gains are
not limited, because it is difficult and time-consuming,
sometimes impossible to converge, for the proposed
learning algorithms.

2.2. Back Propagation Neural Network Algorithm

A Back-Propagation neural network (BPN) is a multilayer
feed-forward neural network algorithm. It is called a
multilayer network since, in addition to the input layer
and output layer, the model contains a hidden layer with
a definitive amount of processing elements heavily
connected to both layers. This hidden layer provides
adaptivity between input and output in a nonlinear
fashion. The feed-forward structure explains the learning
scheme which feeds the signal from the input to the
output layer through the hidden layer and provides a
possible output signal. The difference between the output
and the expected signal is fed backwardly through the
network in order to arrange the weight parameters using
the gradient descent algorithm (Dogo et al., 2018). In this
paper, the neural net consists of an input layer of 3 inputs
and 3 outputs at the output layer where the PID
parameters are obtained.

The algorithm of BPN is shown as follows: wy is the
hidden layer’s weight value, x;j (j=1,2,.... m) is the input of
the network. Equations 3 and 4 are described as the
hidden layer’s input and output relations.

netp,(n) = Z W;iX; (3)
j=1
Outop(n) = f(nety(n)) h=12,....m (4)

The activation function of the hidden layer and the
output layer is the sigmoid function. The equations of the
neural network were given in equations 5, 6, and 7 (Guo
etal, 2009):

f&) = (%)

1+e™™
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net,(n) = wiOuto, h=12,...m (6)
Outo,(n) = g(neto (n)) )

One of the BPN approaches for adapting the system
parameters in different control structures has been
described in (Akhyar and Omatu, 1993). In this approach,
the plant is controlled and adopted using a BPN
algorithm as it has been shown in Figure 2. Inputs of the
neural network are time-delay added PID controller
output, time-delay added plant output, and reference
input. Three inputs of the PID controller are BPN outputs
which are Ky, Ki, and Ka parameters, the other is a system
error. In order to calculate the system error, reference
input minus output is required.

Normalized input data is used in the BPN algorithm. The
numbers of reference nodes and neurons are 300 and 10,
respectively. The learning parameter (i) and momentum
parameter are set as a variable. A sigmoidal function is
used as an activation function for both the hidden layer
and the output layer.

2.3. Least Mean Square Algorithm

The least mean square (LMS) algorithm is an adaptive
algorithm based on the steepest descent method. It is a
search algorithm which uses for estimating the gradient

vector of the data. LMS algorithm has an iterative
procedure for updating the weight vector which leads to
It is
widely used in various applications of adaptive filtering,
detection, and estimation (Bai and Zhang, 2018; Spelta
and Martins, 2020; Karchi and Kulkarni, 2021).

LMS algorithm was given in equations 8, 9, and 10:

determining the minimum mean square error.

w(n + 1) = w(n) + Aw(n) 8)
Aw(n) = pe(n)x(n) 9
e(n) =dn) —y(n) (10)

where xx is an input vector, wy is weight vector
(k=0,1,..,N-1), e(n) is error signal, y(n) and d(n) are
output and desired signal, respectively (Hernandez-
Alvarado et al,, 2016, Huo and Xiong, 2019). Equations 8,
9, and 10 describe the process of the LMS algorithm. The
pn is the learning rate and Aw(n) is the updating
difference of the weight vector which is produced in
every cycle of the algorithm. The structure of PID based
on the LMS controller was given in Figure 3. Every new
weight vector multiplies with the PID parameters Kj, K;,
and Ka.

Time
Delay | BPN Ki

Reference Algoriihm

Input

PID % — Plant ="
Control

Momentum
Parameter

Figure 2. System schematic of BPN-based PID.

Xo Wo

Input

Kd d(n)

X1 % - ;

W1

y(n)
= Plant

e(n) = d(n)-y(n)

—— LMS Algorithm

Figure 3. Structure of adaptive LMS-based PID controller.
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2.4. Hybrid Algorithm

A hybrid algorithm is based on the parallel connection of
the LMS and BPN algorithms. Each algorithm runs
simultaneously and calculates its weight update value,
then each result is multiplied with PID parameters Kp, Ki,
and Kq at the same time. The structure of the hybrid
adaptive PID (HAPID) algorithm was given in Figure. 4.
The hybrid algorithm continues to run until the absolute
value error is reduced to 1E-4. The resulting closed-loop
system is necessarily stable for any randomly chosen
initial weights in the range of [0, 1] and arbitrary PID
gains within a specified range. However, with different
system scenarios, the closed-loop system again must be
stable, but the closed-loop performance is expected to
vary within this entire stability region. In the hybrid
update scheme, while the LMS weight update value is the
same for each PID controller gain, BPN produces
different update values for each PID controller gain.

The updating algorithm (equations 11-16) of the hybrid
scheme is given by:

n=20

K,(n) =P, K,(n) =i,Kz(n) =d for (11)
LMSypaate = we *w(n + 1) (12)
BPNypaatei = we * Outoy(i), i=1to3 (13)
K,(n+1) = Ky(n) * LMSypaate * BPNuypaates (14)
Ki(n+1) = Ki(n) * LMSypaate * BPNypaate,2 (15)
Ka(n +1) = Kq(n) * LMSypaate * BPNypdate,s (16)

where P, |, and D are initial values of PID gains, Kp, Kj, and
Ka are adaptively updated PID gains in every cycle, wc is
the weighting coefficient used to determine the
hybridization level of HAPID, LMSupdate and BPNupdate are
update vectors obtained because of LMS and BPN runs.

The others parameters described in previous sections.

3. Results and Discussion

The response of all algorithms was systematically
investigated using different parameters. Firstly, the
learning rate of all algorithms was changed. In this case,
the number of neurons, inputs,
parameters that affect the BPN-based PID algorithm was
kept constant. Thus, the learning rate effect was analyzed
for each scenario. Moreover, the effect of the different
initial system parameters for K, Ki, and Ka was observed
for the learning rate at 0.9. Furthermore, different inputs

and momentum

are also implemented in Scenario 4. In scenarios 1
through 4, the full effect (100%) of the LMS and BPN
algorithm is used. Other scenarios (between Scenarios 5
and 12) are created to test the first four scenarios with
different hybridization levels. Two different levels of
hybridization which are “50% BPN+50% LMS” and “25%
BPN+75% LMS” are implemented. The variables of all
scenarios are given in Table 2.

The algorithm needs to have a good initial PID parameter
set to start with in order to exhibit satisfactory
performance. Thus, the PID parameters used in Scenario
1 are initially determined by the Ziegler-Nichols tuning
method (Patel, 2020). In other words, the current values
of the Kp, K;, and Kq¢ gains are increased or decreased
utilizing the proposed algorithms. Initial
parameters are then changed to show the effectiveness of
the algorithm within stability limits.

All algorithms have improved responses when the
learning rate increases. In particular, the improvement of
the LMS-based PID and the HAPID algorithm responses is
more compared to BPN-based PID. Figure 5 shows the
overall system and step response of all proposed
algorithms for Scenario 1, respectively. The LMS-based
PID and HAPID algorithm responses have an under-

system

damped response. The BPN-based PID algorithm has a
deadbeat response. The rise of the LMS-based PID and
HAPID algorithms is almost the same and is less
compared to the BPN-based PID algorithm.

Ko
’ ‘ — j Wo <) i R
y S IK—d, d(n
o L BPN i . 7
i K
’ | —>| Algorithm __I wi [.—p:
i > X} I; ) +
X1 () y(n) T
= Plant ———{ —
—> LMS Wimvs -
:;‘ Algorithm l
JE— WN-1 .xA \ Ki
Xn-1 — Ke
e(n) = d(n)-y(n)

Figure 4. Structure of the HAPID algorithm.
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Table 2. The system parameters for performance analysis

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6
K, 1.4 1.4 1.4 1.4 1.4 1.4
K; 0.05 0.05 0.5 0.5 0.05 0.05
Ky 0.01 0.01 0.01 0.01 0.01 0.01
u 0.5 0.9 0.9 0.9 0.5 0.5
Inputs 1,2,3 1,2,3 1,2,3 2,4,3 1,2,3 1,2,3
Hybrid LMS %100 %100 %100 %100 %50 %75
Level BPN %100 %100 %100 %100 %50 %25
Scenario 7 Scenario 8 Scenario 9 Scenario 10 Scenario 11 Scenario 12
Ky 1.4 1.4 1.4 1.4 1.4 1.4
K; 0.05 0.05 0.5 0.5 0.5 0.5
Ky 0.01 0.01 0.01 0.01 0.01 0.01
u 0.9 0.9 0.9 0.9 0.9 0.9
Inputs 1,2,3 1,2,3 1,2,3 1,2,3 2,4,3 2,4,3
Hybrid LMS %50 %75 %50 %75 %50 %75
Level BPN %50 %25 %50 %25 %50 %25
3,5
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Figure 5. Overall system response of scenario 1 (inset: 2nd-step response).

The steady-state time of HAPID and BPN-based PID is
almost equal, however, HAPID is faster than BPN-based
PID. Considering the 2nd and 3rd-step responses, the BPN-
based PID has almost the same overshoot and steady-
state time. The LMS-based PID algorithm exhibits under-
damped responses with lower overshoot and longer
steady-state time than the BPN-based PID. The HAPID
has a deadbeat response and less steady-state time
compared to other algorithms.

Overall system response and 2nd-step response for
increased learning rate (Scenario 2) are shown in Figure
6. When the learning rate is increased, the step response
of HAPID turns from an under-damped response to a
dead-beat response and a faster algorithm compared to
others. The overshoot of LMS-based PID reduces but
steady-state time is longer compared to others. The
response of the BPN-based PID algorithm does not affect
by the change in the learning rate. Figure 7 shows the
overall system, 1st, and 3rd-step responses of Scenario 3.
In Scenario 3, we change the initial integral parameter of

the PID controller. Step and magnitudes of inputs are the
same as in Scenarios 1 and 2. An interesting result was
observed. The BPN based PID controller has a good 1st-
step response compared to others, however, when the
step number increases the LMS-based PID and HAPID
responses suppress the oscillations and get better
compared to the BPN-based PID. Particularly, the HAPID
algorithm has the best response to the 3rd-step.

Similarly, Figure 8 shows the overall system, 1st, and 3rd-
step response, respectively. Initial parameters, learning
rate, and the number of inputs in Scenario 4 are the same
as in Scenario 3. Initial input magnitudes are increased to
two and decreased step input is added, thus we can
observe the change in initial response and both increased
and decreased step inputs. The HAPID improves the 1st-
step response for increased initial input. Overall results
for Scenario 4 show that the HAPID has the best response
for all step responses, especially for a decreased step
input. All algorithms have under-damped response, but
the HAPID exhibits less overshoot and steady-state time.
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Apart from the individual performance of algorithms,
change in the hybridization level of algorithms with
different scenarios are shown in Figures 9-12. Results
obtained with Scenarios 1, 5, and 6 are compared in
Figure 9. The HAPID, which has a full effect on all step
inputs, gives better results in all aspects i.e. in terms of
undershoot, overshoot, and settling time. Although the
HAPID with full effect at the 1st-step input makes a little
overshoot, it has improved the response to the dead-beat
after the 2nd-step input. Other hybrid levels tended to
improve their response at each step input, respectively.
Scenario 5 exhibits a better result than Scenario 6. This
result supports that the LMS algorithm affects more than
the BPN algorithm for given system parameters.

Figure 10 shows the performance comparison of
Scenarios 2, 7, and 9. It is seen that the proposed HAPID
with full effect does not yield better performance in all
step inputs compared to the different hybridization
levels. In the first two-step inputs, Scenario 2 showed the
best response, while in the 3rd-step, Scenario 7 showed a
better performance than the others. Scenario 2 does not
show any improvement depending on the number of step
inputs, while the other two scenarios exhibit a noticeable
improvement. It is proof that performance can be
improved with different hybridization according to the
input signal.

Convergence characteristics for Scenarios 3,9, and 10 are
shown in Figure 11. It is noted in simulation results that
Scenario 3 performs better as compared to others, and
only Scenario 3 can reach the zero steady-state error in
the 1st-step response. As the effect of the algorithms
decreases, fluctuations in their response increase. When
the effect of the LMS and BPN algorithms is halved, the
controller's response slows down, and the amount of

controller performance worsens when the effect of the
BPN is increased and the LMS is decreased. The system
with the same parameter has been simulated in the case
of increased step amplitude and decremental input. The
corresponding responses of Scenarios 4, 11, and 12 are
given in Figure 12. In line with the results in Figure 11,
Scenario 4 gives a very good response to suppress
fluctuations.

The performance comparison of HAPID is discussed
below. However, hybridization based on LMS and BPN
papers is found rare. Therefore, five different efficient
and  well-known  optimization algorithms are
implemented to test the effectiveness of this proposed
algorithm. The results obtained by the proposed
approach and existing LMS, BPN, GSO, CSA, and PSO-
based adaptive algorithms are shown in Table 3. The
accuracy, precision, and F1-score of the proposed HAPID
are found superior to the other five conventional
optimization algorithms.

The trade-off between computational complexity and
accuracy is an important consideration for the LMS, BPN,
and HAPID algorithms. The LMS algorithm has a lower
computational complexity than the BPN algorithm. While
it may be less powerful than the BPN algorithm, it is
computationally efficient and suitable for applications
with a large number of data samples. In contrast, the BPN
algorithm is more computationally intensive than the
LMS algorithm, but it is more powerful and versatile. The
BPN algorithm can be used for various applications,
which require higher accuracy and more complex
decision-making. The HAPID algorithm, on the other
hand, comes with a computational burden, as it adds
more steps and parameters that increase the overall
complexity of the algorithm.
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Figure 9. Performance comparison between different hybridization levels for scenario 1, scenario 5, and scenario 6

(inset (a):3rd-step response).
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Table 3. Performance comparison of different optimization algorithms with HAPID

Accuracy (%) Precision (%) F1-score (%)
HAPID 97.2 93.6 94.0
LMS 85.2 86.1 86.7
BPN 90.3 91.3 86.9
GSO 95.1 92.2 89.2
CSA 94.0 92.4 91.7
PSO 88.3 87.1 84.4

The trade-off between computational complexity and
accuracy for LMS, BPN, and HAPID depends on the
specific application in question. For applications with a
small number of data samples, the LMS algorithm may be
more suitable due to its lower computational complexity.
In contrast, for applications requiring high accuracy and
complex decision-making, the BPN or HAPID algorithm
may be necessary, even though they come with higher
computational complexity. To summarize, balancing the
trade-off between computational complexity and
accuracy is critical when designing and evaluating LMS,
BPN, and HAPID. A thorough evaluation of the
algorithm's performance on benchmark datasets,
including assessments of its accuracy, precision, speed,
and scalability, can help determine whether the added
complexity is justified in practice.

4. Conclusion

In this study, a novel hybrid approach for adaptively
adjusting the Kp, Ki, and K4 parameters of the PID
controller using parallel hybridization of LMS and BPN
has been proposed for a linear system. Moreover, the
effect of the learning rate, initial input, and decreased
step has been investigated for overall system responses.
Compared to other well-known algorithms, the accuracy,
precision, and F1-score are efficiently improved by the
proposed approach. The hybrid approach has shown
better control performance for a high learning rate with
less time than origin algorithms. The response of the
hybrid approach is also better for a decreased step input.
More comparisons between the different hybridization
levels are also figured out. Overall, the HAPID is more
adaptable in improving the steady-state error, the
controller step response stability, overshoot, rising time,
and settling time. Better performance can be obtained by
defining a weighting decide the
contribution of algorithms for each step input. It can also
experiment with running algorithms sequentially, such as
first BPN then LMS, or by changing this order. One
another idea for increasing the performance is the
embedding of deep learning in such parallel
hybridization. Other implementations and modifications
of the BPN/LMS method are under investigation.
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1. Introduction
Fibonacci numbers are the most famous integer sequence
in mathematics. For n > 1, Fibonacci numbers have F, =
Fn—l + Fn—Z
conditions, Fy =0,F; = 1. Lucas numbers have same
Ly=Lyq+L,_, but
conditions are Ly =2,L; = 1. Binet-like formulas of
n_gn

recurrence relation with the initial

recurrence relation initial

. . o«
Fibonacci and Lucas numbers are F, =

a=p
1+2\/§ and B = 1—2\/§
the second order equation x> — x — 1 = 0 (Koshy, 2001).

For more details about Fibonacci and Lucas numbers, one

and L, =

a™ + B™, respectively. a = are roots of

can see following studies (Horadam, 1961; Wilcox, 1986;
Muskat, 1993; Yayenie, 2011; Bilgici, 2014).

Clifford (1871), extended real numbers to dual numbers
with a structure similar to that of complex numbers. For
any real numbers,a and a*, a dual number d can be
expressed as d = a + € a*, where, ¢ is the dual unit that
satisfies. € # 0,&2 = 0 The set of all dual numbers

Dz{d =a+ga*:a,a*eR,g¢0,gZ=0}

is a commutative ring with unity with respect to the
following binary operations: For any dual numbers

d,=a +ea ,d,=a,+ea, €D
d,+d,=a +a,+&(a +a,)
dd, =aa, +£(aa, +a a,).

But since has zero divisors, dual numbers ring is not a
field.

Unal et al. (2017), gave some properties of dual Fibonacci
and Lucas octonions. Tokeser et al. (2022), studied on
split dual Fibonacci and Lucas octonions, recently.
Sedenions, defined by Imaeda and Imaeda (2000) and
denoted by S, is a 16-dimensional algebra over real
numbers. Since sedenions have zero divisors, it is not a
algebra. Also,
commutative and non-associative algebra. Any sedenion s

division sedenions form a non-
is s= Zi1=50 a;e;, where, coefficients a; are reals and
{eg, ..., e15} is the basis elements of S. The multiplication
table of basis elements of sedenions is given by Cawagas
(2004) as follows (Table 1):

Bilgici et al. (2017), defined Fibonacci and Lucas

sedenions as

n+1=

15 15
FS,=> F.eandLs =YL
i=0 i=0

Binet’s formulas for Fibonacci and Lucas sedenions are
given in Equation 1;

Fs,= %% PP andqis, —aa + g5 (1)

n a—ﬂ

where, a* = Y15, ale; and §* = Y15, afle;. In the same
study, they gave some special identities such as Catalan,

Cassini, etc.
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Table 1. The multiplication table for basis of sedenions by setting i = e; (0 <i <15).

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 1 -0 3 -2 5 -4 -7 6 9 -8 -11 10 -13 12 15 -14
2 2 -3 -0 1 6 7 -4 -5 10 11 -8 -9 -14 -15 12 13
3 3 2 -1 -0 7 -6 5 -4 11 -10 9 -8 -15 14  -13 12
4 4 -5 -6 -7 -0 1 2 3 12 13 14 15 -8 -9 -10 -11
5 5 -7 -1 -0 -3 13 -12 15 -14 9 -8 11 -10
6 6 7 4 - -2 3 -0 -1 14 -15 -12 13 10 -11 -8 9
7 7 -6 5 4 -3 -2 1 -0 15 14 -13 -12 11 10 -9 -8
8 8 <9 -0 -11 -12 -13 -14 -15 -0 1 2 3 4 5 6 7
9 9 8 -11 10 -13 12 15 -14 -1 -0 -3 2 -5 4 -6
10 10 11 8 -9 -14 -15 12 13 -2 3 -0 -1 -6 -7 4 5
11 11 -10 9 8 -15 14 -13 12 -3 -2 -0 -7 6 -5 4
12 12 13 14 15 8 -9 -10 -11 -4 5 6 7 -0 -1 -2 -3
13 13 -12 15 -14 9 8 11 -10 -5 -4 7 -6 1 -0 3 -2
14 14 -15 -12 13 10 -11 8 9 -6 -7 -4 5 2 -3 -0 1
15 15 14 -13  -12 11 10 -9 8 -7 6 -5 -4 3 2 -1 -0

2. Material and Methods

In this part, we will define dual Fibonacci and Lucas
sedenions and give the Binet-like formulas.

Definition 1 For n > 1, n-th dual Fibonacci and dual
Lucas sedenions are

DFS, =FS, +&FS,,,,
DLS, =LS, +£LS, .

Instead of these recursive definitions we can use Binet-
like formulas.

Theorem 2 (Binet-like Formula) For n > 1, Binet
formulas of n-th dual Fibonacci and dual Lucas sedenions
are

DFs, =% %= B andDLS, = a"a'+ BB
a-p

where,

a'=(1+ ga)zilioaiei =(1+ea)a’

and

B=W+ep)> Bl =1+eh)p"

Proof Using the Equation (1), the proofis completed. m

DFS, . DFS, .. — DFS DFS

n+r+s

DLS,,,DLS,., —DLS,DLS

n+r+s

where, Fy, Fs, Ls, FSp and LSy are r-th, s-th Fibonacci, s-th
Lucas numbers, 0-th Fibonacci and Lucas sedenions,
respectively, and

K =94e, +94e,, +188e , +282¢, —188e,, +94e,, +893¢..

=(-1)"F,[F.LS, +(FS, - K)L, [l +¢)

=5(-1)"'F, [F.LS, + (FS, —K)L, ] L+ ¢)

3. Results and Discussion

In this section, we will give the Vajda’s identities for dual
Fibonacci and dual Lucas sedenions. First of all, let us
consider the following lemma that has useful results for
calculations.

Lemma 3 For « *and f§ * we have

() o' B =LS,—B(FS,—K),

(i) f'a" = LS, +/5(FS, —K),

(ii)) (&")? ==& + LS, +B(FS, - &),
(V) (8') =—& +LS, —/B(FS, - &),

where, FSp and LSy are O0-th Fibonacci and Lucas
sedenions, respectively, and, & =1505175, &,=673134
and K =94e, +94e,+188¢, +282¢, —188e,, +94e,, +893¢,
(Bilgici et al., 2017).

Theorem 4 (Vajda’s Identity) For any integers n, r, and,
s, followings are hold in Equations 2 and 3:

(2)
(3)

Proof We will prove the first equation. From the
definition of dual Fibonacci sedenions, we get
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DFS, . DFS, .. — DFS,DFS

n+r+s

= (an+r + gFSn+r+1)(FSn+s + gFSn+5+1)

- (FSn + EFSn+1)(FSn+r+s + gFSn+r+s+1)
= FSn+r an+s - an an+r+s + g(FSmr an+s+1 (4)
- FSn FSn+r+s+l + FSn+r+1FSn+s - an+1FSn+r+s)

Let us consider the real part of the Equation (4). From Equation (1)

FS,, FS,,. —FS,FS

n+r+s

_ an+ra* _ﬂn+rﬂ* an+sa* _ﬁmsﬁ* B ana* _ﬂnﬂ* an+r+sa* _ﬁﬂ+l’+$ﬂ*
a-p a-p a-p a-p
— 1 5 [_an+rﬂn+sa*ﬂ* _an+5ﬁn+rﬂ*a* +anﬂn+r+sa*ﬂ* +an+r+5ﬁnﬂ*a*]
(a—p)
e N o (5)
= s +BN)Ba B +(a" - pa’fa’]
(a-p)
(_1)n Fr s s
= s, +V5(FS, —K)) - B°(LS, = VB(FS, ~K))]
=(-D"F, {FS LS, + (FS, — K)LS}
Now we will calculate the dual part in two steps: In Equation (5), replacing s to s+1, we get
FSn+r FSn+s+1 - I:Sn FSn+r+s+1 = (_1)” Fr {Fs+1LSO + (FSO - K)Ls+1} (6)
and replacing n to n+1 and s to s-1, we find
an+r+lFSn+s - an+1':sn+r+s = (_1)n+1 Fr {Fs—lLSO + (FSO - K)Ls—l} . (7)
From Equations (6) and (7) and using the relations Fs = Fs+1 - Fs.1and Ls = Ls+1 - Ls- we have
FSn+r FSn+s+1 - FSn an+r+s+1 + an+r+lFSn+s - FSn+lFSn+r+s = (_l)n Fr {Fs LSO + (FSO - K)Ls} (8)

Finally, from Equations (4) and (8) we get

DFSyn1yDFSpys — DFSyDF Sy
= (~D"E[RLS, + (FSo — K)L,](1 + £)

In a similar way, the second part of the proof can be done
easily. m

Now, we will give following corollaries without proof as a
consequence of the Theorem 4.

Corollary 5 (Catalan-like Identity) For any integers n
and r, Catalan’s identities of dual Fibonacci and dual
Lucas sedenions are as follows:

DFS,, DFS, , —DFS,? = (-1)""*[ F,’LS, - (FS, - K)F,, |(1+¢)

DLS,.,DLS, , —DLS,? =5(-1)""[ F’LS, — (FS, — K)F,, |(1+¢)

n+r

Where Fi, Fzr, FSo and LSo are r-th, (2r)-th Fibonacci
numbers, 0-th Fibonacci sedenions,
respectively, and

K =94e, +94e, +188e,, +282¢, —188¢,, +94e,, +893¢,..

Proof In Equations (2) and (3), if we write -r instead of s
and use the identities F_, = (-=1)"*'E,, L_, = (—1)"*1L,
and F,, = F.L,, the proofis completed.m

and Lucas

Corollary 6 (Cassini-like Identity) Let n be any integer.
Then Cassini’s identities of dual Fibonacci and dual Lucas
sedenions are

DFS,.,DFS, , ~DFS,2 = (-1)"[2FS , + K] (L+¢)
DLS,,DLS, , —DLS,? =-5(-1)"[2FS , + K](L+¢)

n+l

where, FS: (-1)-th  Fibonacci sedenion and

K =94e, +94e, +188¢, +282¢,, —188¢,, + 94e , +893e,..

Proof In Equations (2) and (3), if we write s =-r=-1 and
use the relation LSy - FSo = 2FS.1; it is completed.m
Corollary 7 (d’Ocagne-like Identity) Let m and n are
any integer numbers. Then d’Ocagne identities of dual
Fibonacci and dual Lucas sedenions are as follows:

DFS, ,DFS, —DFS,DFS,, = (-1)"[F,, LS, + (FS, KL, , ] (L+&)
DLS,.,DLS, —DLS,DLS, ., = —5(-1)"[F, LS, + (FS, —K)L,, , ] (L+¢&)

where, Fm-n, Lm-n, LSo and FSo are (m-n)-th Fibonacci and
Lucas numbers, 0-th Fibonacci and Lucas sedenions,
respectively, and
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K =94e, +94e,, +188e,, + 282¢,, —188e,, + 9de,, +893e,.

Proof If we write s =m - n and r =1 in Equations (2) and
(3), we get the result. m

Some identities of DFS and DLS are given without proof
in the next theorem.

Theorem 8 Following identities for dual Fibonacci and
Lucas sedenions are valid.

DLS,,, DFS,,. —DLS,,.DFS,,, =2(-1)""LS,FS,_, (1+&),

DFS,,,, +(—1)"DFS,_, = DFS, L,,

DFS,DLS, — DLS,DFS,, = 2(-1)™L,F, ,,(1+¢&).

4. Conclusion

In this study, dual Fibonacci and dual Lucas sedenions
are defined. Then we calculated Vajda’s identities for DFS
and DLS. By using this identity some classical identities
are given for example, Catalan, Cassini and d’Ocagne etc.

Author Contributions

The percentage of the author contributions is present
below. The author reviewed and approved final version
of the manuscript.

Z.0.
C 100
D 100
S 100
DCP 100
DAI 100
L 100
w 100
CR 100
SR 100
PM 100
FA 100

C=Concept, D= design, S= supervision, DCP= data collection
and/or processing, DAl= data analysis and/or interpretation, L=
literature search, W= writing, CR= critical review, SR=
submission and revision, PM= project management, FA= funding
acquisition.

Conflict of Interest
The author declared that there is no conflict of interest.

References

Bilgici G. 2014. New generalizations of Fibonacci and Lucas
sequences. Appl Math Sci, 8(29): 1429-1437.

Bilgici G, Tokeser U, Unal Z. 2017. Fibonacci and Lucas
Sedenions. | Integer Seq, 20: 17.1.8.

Cawagas RE. 2004. On the structure and zero divisors of the
Cayley-Dickson sedenion algebra. Discuss Math Gen Algebra
Appl, 24: 251-265.

Clifford WK. 1871. Preliminary sketch of bi-quaternions. Proc
Lond Math Soc, 4(1): 381-395.

Horadam AF. 1961. A generalized Fibonacci sequence. The
American Math Monthly, 68(5): 455-459.

Imaeda K, Imaeda M, 2000. Sedenions: algebra and analysis.
Appl Math Comput, 115: 77-88.

Koshy T. 2001. Fibonacci and lucas numbers with applications.
Wiley-Interscience Publication, Quebec, Canada, pp: 77-78.

Muskat JB. 1993. Generalized Fibonacci and Lucas sequences
and rootfinding methods. Math Comput, 61(203): 365-372.

Tokeser U, Mert T, Diindar Y. 2022. Some properties and Vajda
theorems of split dual Fibonacci and split dual Lucas
octonions. AIMS Math, 7(5): 8645-8653.

Unal Z, Tokeser U, Bilgici G. 2017. Some properties of dual
Fibonacci and dual Lucas octonions. Adv Appl Clifford
Algebras, 27: 1907-1916.

Wilcox HJ. 1986. Fibonacci sequences of period n in groups.
Fibonacci Quart, 24(4): 356-361.

Yayenie O. 2011. A note on generalized Fibonacci sequences.
Appl Math Comput, 217(12): 5603-5611.

BS] Eng Sci / Zafer UNAL

101



Black Sea Journal of Engineering and Science
doi: 10.34248/bsengineering.1246273

Arastirma Makalesi (Research Article)

Open Access Journal

(Volume 6 - Issue 2: 102-110 / April 2023)

BILECIK MERKEZ BOLGESINDEKi MERMER OCAKLARININ
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Ozet: Bilecik ili Tirkiye'nin en 6nemli dogaltas alanlarindan birisidir. Son yillarda, Bilecik ¢evresinde yeni mermer ocaklarinin
acilmasiyla birlikte bolgede dogaltas tiretimi giderek artmistir. Sakarya kitasinin batisinda bulunan ¢alisma alaninda bir¢ok mermer
ocagl bulunmaktadir. Bu kitaya ait birimler, mavisist metamorfizmasi ge¢irmistir. Metamorfik birimlerin {izerine uyumsuzlukla érten
Geg Jura-Erken Kretase yasl birimler, transgresyona ugramistir. Mermer ocaklarinin yer aldig1 Geg Jura-Erken Kreatese yaslh birimler,
Bilecik Formasyonu'ndan olusmaktadir. Bu birimlerde; beyaz-pembe, kahverengi-gri ve bej renkli mermerler bulunmaktadir. Arazi
kullanimi/arazi degisimi (LULC) smiflamasi kullanilarak uzaktan algilama yontemi ile bélgedeki mermer ocaklarinin 5 er yillik (2006,
2011, 2016 ve 2021) arazi degisimi gosterilmistir. Landsat 5 TM ve Landsat 8 OLI multispektral uydu gériintiileri makine 6grenme
yontemlerinden Destek Vektor Makineleri (DVM) metoduyla siniflandirilmistir. LULC dogrulugunu ispat etmek i¢in dogruluk matrisi ve
Kappa indisi olusturulmustur. Tematik haritalarin dogrulugu sirasiyla %95,75, %92,00, %93,60, %95,20, Kappa katsayisi degerleri de;
0,92, 0,86, 0,89, 0,91 olarak belirlenmistir. Mermer ocak sayisinin artmasi, kati atik miktarindaki artisi beraberinde getirmektedir. Bu
durum, kat1 atik depolama sahalarinin yetersiz kalmasi nedeniyle gelecekte kenti olumsuz olarak etkileyebilecektir.
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Determination of Land Change and Land Cover Change of Marble Quarries in Bilecik Central Region by Support

Vector Machine Method
Abstract: Bilecik province is one of Tiirkiye's most important natural stone areas. In recent years, with the opening of new marble
quarries around Bilecik, natural stone production has gradually increased in the region. There are many marble quarries in the study
area located in the west of the Sakarya continent. The units belonging to this continent have undergone blueschist metamorphism. The
Late Jurassic-Early Cretaceous units have undergone a transgression, which unconformably overlies the metamorphic units. Late
Jurassic-Early Creates aged units with marble quarries consisting of the Bilecik Formation. There are white-pink, brown-grey, and beige-
colored marbles in these units. Using the land use/land change (LULC) classification, the land change of the marble quarries in the region
for every 5 years (2006, 2011, 2016, and 2021) has been shown by the remote sensing method. Landsat 5 TM and Landsat 8 OLI
multispectral satellite images were classified by the Support Vector Machines (SVM) method, one of the machine learning methods. To
prove the accuracy of LULC, an accuracy matrix, and Kappa index were created. The accuracy of the thematic maps was 95.75%, 92.00%,
93.60%, 95.20% and Kappa index values were 0.92, 0.86, 0.89, and 0.91, respectively. As a result of the increase in marble quarries, it
brings an increase in the amount of solid waste. This situation can be will negatively affect the city in the future with the inadequacy of
solid waste storage areas.
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plani, ¢cevre, mermer ocaklari ve kisiler arasinda bir denge

1. Giris

Bilecik ¢evresindeki mermer ocaklarinin, Google Earth
gorilintiilerinde ge¢mis yillara nazaran giinlimiizde artan
bir  sekilde faaliyetlerini  stirdirdigi
goriilmektedir. Bilecik'te mermer endiistrisinin bilingsiz
bir gsekilde gelismesiyle birlikte, arazileri,
endiistriyel alanlar, bitki ortiisii ve yerlesim alanlar1 da
zarar gormektedir. Kent gelisiminin diizenli bir sekilde
olabilmesi icin arazi kullaniminda zamansal degisimler

uretim

tarim

belirlenmeli, siirdiiriilebilir kent anlayisinda kentlesme

kurulmasi gerekmektedir. Bu nedenle uzaktan algilama,
sehirdeki kontrollii planlama i¢in gerekli olan verilerin
elde edilmesi bakimindan kullanish bir yontemdir.
Tiirkiye mermer iiretiminin yaklasik %10’u Bilecik ilinden
yapilmaktadir (Kacir, 2017). Bilecik'te mermercilik
faaliyetleri, cok eski donemlerden beri devam etmektedir.
Antik donemden bugiine Bilecik ve c¢evresinde, tas
ocaklarinin yaygin oldugu, 6zellikle Osmanli Dénemi’'nde
basta Istanbul olmak iizere, bircok il'e de mermer
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gonderildigi bilinmektedir. 1950°li yillardan gliniimiize
dek mevcut sahalardaki tiretim miktarinin artmasiyla
mermercilik sektérii olduk¢a gelismistir (Uncu ve
Karakoca, 2021). Bursa Eskisehir Bilecik Kalkinma Ajansi
(BEBKA) tarafindan "2014-2023" arasinda
hazirlanan raporda Bilecik bej mermerinin uluslararasi
piyasada en ¢ok taninan mermer cesitleri arasinda yer
aldigini belirtmistir (BEBKA, 2014). Bilecik ilinin mermer
endistrisinin diinya ¢apinda yer edinmesinin nedeni,
jeolojik yapisidir. Bolgedeki Bilecik Formasyonu'nda
bulunan kiregtaslari, endiistriyel
yoniinden elverigli bir yapiya sahiptir. Mermer ocak
iretimin de jeolojik yap1 farkliligindan dolayi, 3 farkh
ticari isimle, 10 farkhh seleksiyonda dogaltas tretimi
gerceklesmektedir. Ocaktan ¢ikarilan dogaltas ve isimleri
Cappucino, Golden Tobacco, Golden Primrose olarak
adlandirilmistir (Yurdakul, 2020). Bilecik (Golpazari)
giineydogusunda mermer ocaklari faaliyetlerinin artarak
devam ettigi, Sakarya nehri beslenme alanlarinin
korunmasi adina, nehir boyunca bir bariyer konulmasi
gerektigi belirtilmistir (Giines ve Uyguggil, 2022). Son
yillarda uzaktan algilama ve cografi bilgi teknolojileri,
arazi kullanimi ve arazi ortiistindeki degisikleri izlemek
icin 6nemli bir fayda saglamistir. Gelisen kentlesmeyle
birlikte, kentlerin izlenmesi, siirdiiriilebilir kalkinma

yillari

hammadde olma

baglaminda olduk¢a zorlasmaktadir (Masser, 2001).

Ozellikle uzaktan algilama teknolojisi, arazi tahmininde
kiiresel 6lgekte giivenilir bilgi saglamaktadir (Lillesand ve
Kiefer, 1999). Bu teknolojiler, nispeten hizli ve uygun
maliyetli olmasi nedeniyle arazi ortiisiindeki degisimleri
ve arazi kullanimini (LULC) tespit etmek i¢in 6nemli ve
etkili bir aractir (Yang ve Lo, 2002; Lo ve Choi, 2004; Xian
ve Crane, 2005; Xiao ve ark., 2006; Jensen, 2007; Kaiser,
2009; Ikiel ve ark., 2012; Curebal ve ark., 2014; Corner ve
ark.,, 2014; Rawat ve Kumar, 2015; Hassan ve ark., 2015;
Wu ve ark, 2016; Atay ve Kut, 2020). Arazi ortiisi
degisimi ve arazi kullanimi, modern bilimde farkh
anlamlari olan terimlerdir. Arazi kullanimy, insan ile ilgili
faaliyetleri ifade ederken arazi ortiisii, arazi tizerindeki
dogal ortiiyti ifade etmektedir (Burley, 1961; Lo, 1986). Bu
calismanin amaci, makine 6grenme yontemlerinden olan
Destek Vektor Makineleri (DVM) algoritmasi kullanarak,
2006-2021 yillar arasindaki Landsat 5 TM ve Landsat 8
OLI multispektral uydu goriintiileri ile birlikte Bilecik
ilinin merkez bolgesindeki mermer alanlarindaki arazi
kullanimi ve arazi 6rtii degisimini tespit etmektir (Sekil 1).

Boylece, uydu goriintiilerinden elde edilen zamansal ve
mekansal degisimlerle ge¢mis 15 yildaki siire¢ zarfinda
gorsel ve istatiksel degisimlerle birlikte, bolgede giin
gectikce artis gosteren mermer ocaklarindaki degisim
anlasilmaya ¢alisiimistir.

LEJAND
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BILECIK

: Calssma Alam
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Sekil 1. Calisma alaninin lokasyon haritasi. a) Bilecik ilinin Tirkiye’deki konumu, b) Bilecik ilindeki ilgeler, ¢) Mermer
ocaklarinin 2021 tarihli Landsat 8 uydu goriintiisiiniin yalanci renk kombinasyonu.
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2. Bolgesel Jeoloji
Bilecik ve cevresinde, Paleozoyik zamandan gliniimiize
kadar cesitli yastaki kayaclar yiizlek vermektedir. Bu
kayag tiirleri ile birlikte volfram (W), antimuan (Sb),
manganez (Mn), molibden (Mo), bakir (Cu), altin (Au) gibi
metalik maden yataklari, kaolen, kil, manyezit, feldispat ve
mermer gibi  endiistriyel hammadde yataklar
bulunmaktadir (MTA, 2010). Bolgedeki en yash litoloji
toplulugu Sakarya kitasinin temel birimlerini olusturan,
Karakaya karmasigindan meydana gelmektedir (Tiysiiz
ve Yigitbas, 1994) (Sekil 2). Bu birim Metelav, Metatiif
ardalanmasinmi icermektedir. Permiyen yash kiregtasi
bloklarindan olusmakla birlikte mavisist veya yesilsist
metamorfizmasindan etkilenmistir (Akyazi ve ark., 2001).
Calisma alaninin giineyinde goriilen Karbonifer yash
granitler, tipik ayrisim sekilleri ile sahada kolay ayirtedilir
(Demirkol, 1977). Bat1 bolgesinde Triyas yash bazaltik
birimler ytlizeylenirken, bu birimlerin {izerine Jura yastaki
gelmektedir. Jura yash

ilk triinleri olup,

birimler, Jura
cakiltas1 ve

kayaglar
transgresyonunun

Aciklamalar
Kuvaterner Aldvyon
4 Kumiagi
Eosen m Cakiltas
Eosen ?T: Cakiltas
Kretase - Kiregtas!
Kretass - Kiregtag:

Kretase Seyl

Miyosen |

Kretase

Jura ﬁ Kiregtas!
Triyas - Bazalt

Permiyen - Kiregtag:

Karboniter - Granit

Paleozoyk {r,';{ Mermer

kumtasindan olusmaktadir 1983).
Bolgedeki Jura- Kretase yash kayaglar, Bilecik Kiregtasi
olarak adlandirilmaktadir. Gittik¢e derinlesen bir ortamda

(Gortir ve ark,

¢cokelen bu kayaclar alt diizeyleri beyaz, pembe tabakal
kirectaglarindan olusurken, ist diizeyi ise siitli
kahverengi, sert dokulu yer yer marn ara katkil
kirectasindan olusmaktadir (Akyaz ve ark., 2001). Bilecik
kirectasina tedrici olarak gecis yapan ince neritik
kirectasi, yesilden gri renge kadar degisen seyl ve kumtasi
ardalanmasindan olusmustur (Eroskay, 1965). Bilecik
Kirectasinin {izerine uyumsuz olarak gelen birimler,
krem-sar1 renkli, orta kalin tabakaly, orta sert dokulu bol
fosilli kirectaslarindan olusmustur (Akyaz ve ark., 2001).
Kretase yash ofiyolitik birimler ise c¢alisma alaninin
giineybat1 bolgesinde ylizeylenmektedir. Eosen’de filis
karakterindeki ¢okel birimler git gide siglasarak Miyosen
zamaninda kapanan deniz, yerini kara ortamina
birakmigtir (Akyazi ve ark., 2001). ilk olarak capraz
tabakali kumtaslar1 gibi orti kayaglar ¢okelmistir.
Bolgedeki en geng¢ birimler ise, agisal uyumsuz olarak

gelen Kuvaterner yash aliivyondan olusmaktadir (Sekil 2).

Ofiyolt @ Mermer Ocag
w— Drunaj

0 Torkiye ligaler

Paleczoyik - Mermer

Sekil 2. Bilecik merkezinin jeolojisi (Yanilmaz, 1980; Erendil ve Kuscu, 1985)
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3. Materyal ve Yontem

Gorlntii  siniflama yodntemleri, bir goriintiideki tiim
piksellerin arazi veya temaya gore otomatik olarak
siniflandirilmasidir. Spektral yansima degerlerinin benzer
bilesimini paylasan pikseller, yiizey 6zelliklerin temsilcisi
olan 6zel smiflarla birlikte gruplanir (Lillesand ve ark,
2015). Gorinti smiflandirma yontemi, kontrolli ve
kontrolsiiz olmak iizere iki sekilde gerceklesmektedir.
Kontrolli simiflandirma yontemi, uydu goriintiilerinin
siniflandirmasinda  egitim alanlarinin  siiflandirma
sonuglarinin dogrulugu ve giivenirligi bakimindan, en ¢ok
tercih edilen yontemdir (Kavzoglu ve Colkesen, 2010).
Destek  vektor (DVM), regresyon ve
siniflandirma analizlerinde kullanilan makine 6grenme
yontemlerinden biridir. Bu yéntem, son yillarda uzaktan
algilama slireclerinde  bir¢cok

makineleri

alanindaki siniflama
arastirmaci tarafindan kullanilmistir (Mondal ve ark,
2012; Awad ve Khanna, 2015; Kumar ve ark., 2015; Thanh
ve Kappas, 2017; Aliyazicioglu ve ark., 2021). Ozellikle,
yerbilimleri ve ¢cevre bilimlerinde zamansal ve mekansal
modelleme islemleri icinde kullanilmaktadir (Kavzoglu ve
Colkesen, 2010). DVM, regresyon ve siniflandirma
sorunlarini ¢6zmek i¢in kontrolli siniflama ydntemi
olarak kullanilmaktadir. Bu yontem, veriyi daha yiiksek
bir boyuta déniistiirmek icin hiper diizlem kullanilr.
Diizlem, iki sinifi birbirinden ayirma prensibine dayanir
(Cortes ve Vapnik, 1995; Vapnik, 2000). Dogrusal olmayan
veri kiimesinde, dogrusal bir hiper diizlem cizilemez
(Demirci, 2019). DVM, diger siniflama yontemlerine gore
bazi avantajlar saglar. Kompleks verilerle, iyi

siiflandirilmis  sonu¢  vermektedir. Daha  once
ongoriilmemis verilerin yanlis siniflama olasiligini en aza
indirmek i¢cin risk minimizasyon ilkesi kullanilir (Vapnik,
1998).

Bu c¢alismada, Landsat 5 TM ve Landsat 8 OLI
miiltispektral uydu gorintiileri ve Google Earth uydu
goriintiisiiyle, Bilecik merkez bolgesindeki
ocaklarindaki degisim analiz edilmistir. Bu analizlerde,
bolgedeki arazi degisimini ortaya koymak icin 5 yillik

periyotlarla arasindaki uydu goériintiileri kullanilmistir.

mermer

yillarina ait Landsat 8 OLI uydu goériintiileri kullanilmigtir
(Tablo 1). Landsat uydu goriintiileri, Amerikan Jeoloji
(USGS)  http://earthexplorer.usgs.gov/
adresinden temin edilmistir. Landsat goriintiileri, 30 m
¢ozliniirlikte ve Google Earth goriintiileri ise 0.50 m
¢ozlinirliktedir. Uydu fotograflari, WGS 1984 UTM 36
Zon koordinat sistemine gore sayisallastirilmistir. Uydu
gorintiilerinin indirilirken % 10’dan az bulutlu olmasina
dikkat edilmistir. LULC siniflamasi ile birlikte su, tarim,
bitki 6rtiisii ve mermer ocaklar1 tanimlanmistir (Tablo 2).
Uydu goriintiileri calisma alanina gore kesildikten sonra,
Landsat uydu goriintilerinde gorinti analizini
yapabilmek icin ArcGIS 10.6 ve QGIS 3.26.3 programlari
kullanilmistir. QGIS eklentilerinden biri olan Semi
Automatic Classification Plugin yardimiyla Landsat 5 TM
ve Landsat 8 OLI
radyometrik ve atmosferik diizeltme goriintii 6nisleme
yapimistir. Landsat 5 TM ve Landsat 8 OLI 30m*30m
¢ozlinirligiinde pixel bazli analizler gerceklestirilmistir.
Bant oranlamasiyla spektral imzalar toplandiktan sonra,
O6grenme yontemlerinden biri olan DVM
algoritmasi kullanilarak her yil i¢in kontrollii siniflama
yapimistir (Sekil 3).

Kontrollii siniflama yapildiktan sonra LULC siflari,
poligon’a doniistiirtilmistiir. LULC siniflama isleminde,

Kurumu’nun

multispektral uydu goriintisd,

makine

Landsat 5 ve Landsat 8 miiltispektral uydu goérintiileri
dogrulugunu kontrol etmek i¢in 250 tane rastgele nokta
yerlestirilmistir. Siniflandirma dogrulugunu ifade etmek
icin karmasa matrisi veya olasilik tablosu olarak da
adlandirilan hata matrisi hesaplanmaktadir. Yer
dogrulamasi ve kendi kendine yapilmis siniflandirmanin
iliskili sonuglar: arasinda hata matrisleri karsilastirilir. Bu
yer dogrulamasi, piksel noktalarinda arazide temsil edilen
glincel arazi Ortiisi hakkinda bilgi saglamaktadir
(Lillesand ve ark., 2015). Elde edilen matrise gore her y1l
icin kullanica dogrulugu (K.D) “Esitlik 1”, dretici
dogrulugu (U.D) “Esitlik 2”, genel dogruluk (G.D) “Esitlik
3” ve Kappa katsayis1 (K.K) “Esitlik 4” hesaplanarak
dogruluk analizi hesaplanmistir (Jenness ve Wynne, 2005;
Lillesand ve ark., 2015). 2006 ile 2021 yillar1 arasinda

2006 ile 2011 yillarina ait Landsat 5 TM ve 2016 ile 2021 Bilecik  (Merkez) bdlgesinin arazi degisimi tespit
edilmistir.

Tablo 1. Uydu tanimlamasi
Uydu/Sensor Tarih Mekansal Coziiniirliik Projeksiyon
Landsat 8 OLI 2021-07-13 30m WGS 84 UTM 36N
Landsat 8 OLI 2016-07-15 30m WGS 84 UTM 36N
Landsat 5 TM 2011-07-18 30m WGS 84 UTM 36N
Landsat 5 TM 2006-06-02 30m WGS 84 UTM 36N

Tablo 2. LU/LC tanimlamasi

No Sinif Tanimlama

1 Su Dere, GOl, Baraj

2 Tarim Ekilebilir Arazi, Uziim Baglari, Meyve Bahgeleri
3 Bitki Dogal Bitki Ortiisii

4 Mermer Ocaklari Mermer Kayalari

5 Bina Apartman, Sanayi Sitesi, Park, Yol
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Landsat 5 TM

Landsat 6 OLI
Caligma Alaninin Kesdmes:
Gortintd Onig Gant O Soiflandimma (DVM)  — EQitim Verer
Dojruluk Dedeciendrmes:
Degighkin Tesom

Sekil 3. Arazi kullanimi arazi siniflandirmasi (LU/LC) akis semasi.

KD =i a i siitunundaki gézlemlerin toplami
. n= matrise eklenmis gézlemlerin toplam sayisi
. nj;
U.D= ny (2) 4.Bulgular ve Tartisma
Bu calisma, Bilecik (Merkez) bolgesindeki 2006-2021
Z{(:lnii arasindaki LU/LC arastirllmistir. Her yil ic¢in uydu
G.D= 0 &) gorintiileri, 5 simifa ayrilmistir. Bu siniflar; Mermer
Ocaklari, Bitki, Bina, Su ve Tarim seklindedir (Sekil 4).
KK = nYK ng - nin; @ Do.grl'lluk degerlendirmesi, LU/.LC ' l'laritalarl ) elde
' n? — Y& n;n; edildikten ~ sonra  test  edilmistir. Dogruluk
degerlendirmesi sirasinda 250 rastgele nokta atilmistir.
Denklemlerde verilen degerler asagida agiklanmistir; Bu noktalar ile refere edilen noktalar karsilastirilmistir.
k - hata matrisindeki sira sayisi Dogruluk degerlendirmesi yapmak icin, Uretici dogrulugu,
n;;=1 satir sayisi ve i siitunundaki gézlemlerin sayisi Kullanici dogrulugu, Kappa katsayisi ve Hata matrisi her
nj;=j satir sayisi ve j siitunundaki gozlemlerin sayis yil icin hesaplanmustir (Tablo 3).

n; = 1 satirindaki gézlemlerin toplami

2006 '

— )

Teem

Sekil 4. Bilecik Merkez bolgesindeki mermer ocaklarinin LU/LC degisimi (2006-2021).
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Tablo 3. LU/LC smiflarinin dogruluk analizi

LU/LC Siniflar1 2006 2011 2016 2021

K.D. U.D. K.D. U.D. K.D. U.D. K.D. U.D.
Mermer Ocag1 100 100 66,66 100 100 92,85 80 100
Bitki 99,01 93 98,95 87,96 98,27 90,47 99,11 94,91
Bina 70 100 55,55 100 100 87,50 100 100
Su 70 100 53,57 100 29,41 100 50 100
Tarim 96,87 96,87 99,12 94,16 97,93 97,93 98,11 94,54
G.D. (%) 95,75 92,00 93,60 95,20
KK 0,92 0,86 0,89 0,91

Elde edilen sonuglara gore, 2006, 2011, 2016 ve 2021
yillart icin haritalardaki dogruluk oranlar1 sirasiyla
%95,75, %92,00, %93,60 ve %95,20’dir. Kappa katsayisi
degerleri de, 0,92, 0,86, 0,89 ve 0,91’dir.

Her LULC sinifinin kapladig: alan Tablo 4’ de verilmistir.
Mermer ocaklari 2006 yihinda 6,68 km? alan
kaplamaktadir. 2006-2021 yillan1 arasindaki 15 yillik
periyotta mermer ocaklar1 20,52 km? alan artis
gostermektedir. Mermer ocaklarinin artisi ayni zamanda
tarim  arazilerinin 75,3 km?2 alan azalmasiyla
iliskilendirilmistir. Sulak alanlar, o6zellikle 2006-2011
yillar1 arasinda énemli bir artis gosterirken, diger LU/LC
siniflarinda ise 6énemli bir degisim gézlenmemistir. 2006-
2021 yillan arasinda LU/LC alanlarinin ytizdelik dilime

Tablo 4. LU/LC siiflarinin alanlari

vuruldugunda (Sekil 5), mermer ocaklari %2 artis
gosterirken, bitki alanlar1 % 4 artis ve su alanlari ise % 3
artis gostermektedir. Tarim alanlari, % 11 azalmistir. Bina
alanlari ise, yilizde olarak degisim gostermemektedir.
2006-2021 yillar1 arasindaki degisim haritasinda, KB
yoniinde degisim dikkat ¢ekmektedir. Ayrica, haritanin
KD, B ve D bélgelerinde degisim gosterdigi sdylenebilir.
Mermer ocaklarinin artmasi, tarim alanlarinin azalmasina
neden olmaktadir (Sekil 6). Google Earth goriintiilerinde
gorildiigl tizere, yakin gelecekte Sorgun Deresi ile Karasu
Kanyonu, etkileriyle
karsilasabilecektir (Sekil 7). Mermer alanlarinin hizla
artmasi gelecekte sehirlesme ile ilgili 6nemli bir sorun
olusturabilecektir.

mermer atiklarinin  olumsuz

LU/LC 2006 2011 2016 2021
Bina 25,53 21,29 14,99 20,93
Bitki 323,388 341,661 359,935 357,75
MermerOcagi 6,68 15,18 22,25 27,20
Su 30,79 85,21 68,34 55,80
Tarim 407,609 330,66 328,479 332,309

2006 YIU LL/LC  Bina
%

Mermer

5¢ Oced
% 1%

2016 YILI LU/LC &mna
%3

|

Mermes
Ocafl
»

2011 YILI LU/LC oina
"

"

2021 YILI LU/LC "_’:‘

|

-

Marmer
Qcadr

)

Mermer
Ocad
%

K

Sekil 5.2006-2021 yili arasindaki LU/LC siiflarinin degisim yiizdesi.
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2006-2021
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Sekil 7. Sorgun Nehri ve Karasu Kanyonu’'nun Google Earth goriintiisii.

5. Sonug

Bu calismada, Bilecik merkez bolgesinde yer alan mermer
ocaklarinin, 2006-2021 yillar1 arasinda LULC degisimi
arastirilmistir. Uydu goriintileri, her yil i¢in DVM
algoritmasi ile siniflandirilmistir. Mermer ocaklarinin
degisimi haritalar ve grafikler yardimiyla ortaya
cikarilmistir. Bilecik merkez bolgesinde 15 yillik ddnemde
ocaklart %2 artis gostermistir.
isletmelerinin artmasiyla birlikte, ocaklardan ¢ikan kati
atiklar genellikle mermer ¢amuru ve kiritk mermer
seklinde olmaktadir. Dogadan ¢ikarilan mermerlerin
cevreye tahribati higbir ekolojik dengeyi

mermer Mermer

Zaman

bozmamasina ragmen, GED On Arastirmasi’na gore tabi
metal icermeyen maddeler sinifinda yer almaktadir. Bu
durum, gelecekte kat1 atik depolama sahalarinin yetersiz
kalmasi ile kenti olumsuz anlamda etkileyebilecektir.
Siirdiiriilebilir kent anlayisinda, mermer ocaklarinin
cevreye zarar vermemesi i¢in yerel yonetimler tarafinca
kati atik depolama sahasi planlamasi yapilmaldir.
Boylelikle, ¢cikan kati atiklarin sanayide agrega yapiminda
degerlendirilmesi durumunda iilke ekonomisine katki
saglamakla birlikte ¢evre Kkirliligini azaltici bir sonug
dogurabilecektir.
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Katki Orani1 Beyam
Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

C.A. K.U.
K 50 50
T 50 50
Y 50 50
VTI 50 50
VAY 50 50
KT 50 50
YZ 50 50
KI 50 50
GR 50 50
PY 50 50
FA 50 50

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= kritik inceleme, GR= goénderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyani
Yazarlar bu ¢alismada higbir ¢ikar iliskisi olmadigini
beyan etmektedirler.
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Abstract: The effects of different blade coating materials on force demands were examined in the present study. The force demands
when cutting grape branches with St-52 steel, polytetrafluoroethylene (PTFE)-coated and Soft Teflon (STP)-coated lopper blades were
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branches were the testing material. The differences between the force demands of blades were significant (P<0.01). The PTFE-coated
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1. Introduction

Vineyards in Tirkiye constitute 1.06 % (400997 ha) of
the total utilized agricultural land (TUIK, 2022). Only in
the 2020 production season, over 200 000 tons of raisins
were exported from Tiirkiye to the whole world (EIB,
2021). Viticulture is an agricultural activity that requires
labor-intensive throughout the entire production season
(Dougherty, 2012). Moreover, the fact that it is a
production activity with it been going on for many years
makes the workforce constantly in need. Although
Tirkiye has such a large production potential, even the
existing mechanization facilities cannot be utilized
sufficiently. The use of hand-held pruning shears for
trimming trees and plants is an important work of
landscape management. In countries such as Italy and the
United States (especially the California region), while the
use of mechanics in this area is increasing day by day
(Poni et al,, 2016), many manufacturers are still using
human labor for production and in this context, manual
pruning is still prevalent in Tiirkiye.

Pruning is mainly a time-consuming cutting process and
the most important task in the annual cycle of vineyard
management (Zabadal et al., 2002). Especially, winter
pruning of grapevines is a time-consuming operation, as
it requires ~60 to 120 workers hr/ha depending on vine
vigor, trellis type and design, equipment, and skilled
labor (an increasingly short commodity in many
viticultural areas worldwide) (Gatti et al, 2011). As a
result, the force required for pruning works to be carried
out in such labor-intensive work is also important for the

employees.

The shear force required to cut vegetative materials
depends on the physico-mechanical properties of the
material and on the structure of the blade used. It
required performing proper cutting operation changes
depending on various factors. The most important of
these factors are; the shear stress properties of the
material, the structure and the usage of the blade. In
addition, the shear force is significantly influenced by
factors such as the amount of dry matter, material
diameter and also cutting speed of the material (Beyhan,
1996). The value of the force P (N), which creates the
sharp edge press of the invention, is expressed by the
equation 1 given below so that a proper cutting operation
can be carried out;

P > Rc+Rcr+T1+T2 (D
here;

Rc : Cutting resistance of the material (N),

Rcr : Crushing resistance of the material (N),

T1, T2 : The friction resistance between the edges of

the blade and cutting material (N) (Kanafojski and
Karwowski, 1976).

The resistance of the material against cuts is determined
by Rc =IAcc equality and this equality refers to the useful
force required to provide an appropriate cut. Here is [;
length of the blade edge (mm), A; thickness of the blade
edge (sharpness) (mm), and oc (N/mm?2) is the shear
stress of the material. The shear stress value can only be
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determined by experiments for each shoot. The other
components inequality (Rcr, T1, T2) are variable
resistances depending on the material thickness, the
blade parameters and the way the blade is used and are
determined by the actual cutting tests (Kanafojski and
Karwowski, 1976; Beyhan, 1996).

Therefore, the frictional resistance between the material
to be cut and the blade must be reduced to reduce the
cutting force. It should also be noted that shear energy,
which depends on the shear force in pruning operations,
is one of the main parameters in the design of the
equipment to be used for this purpose (Alizadeh et al,,
2011). When the previous studies on this subject are
examined in detail, it is seen that there is one of the main
criteria in the coefficients of blade materials besides
main design parameters such as whole hand tool, grasp
surfaces, handles, locking mechanism, force transmission
mechanism, returning mechanism, blade and guide.
Accordingly, reducing the frictional resistance between
the cut material and the blade will reduce the required
shear force and as a result shear energy. When the
construction materials of cutting tools are examined in
agricultural activities such as pruning, it is generally seen
that high-carbon steels are used. Therefore, the friction
coefficients of the materials to be used are important. For
example, Paivinen and Heinimaa (2003), reported that
the friction coefficients of steel and teflon versus dry
wood are 0.5 and 0.1, respectively. For these reasons, it is
important to consider applications that reduce the
coefficient of friction between the pruning blades and the
material to be cut. One of these applications is the coating
of the blade surface with Teflon (PTFE). The polymer
polytetrafluoroethylene (PTFE) has been used widely as
a lubricating coating in engineering applications due to
its chemical inertness, very low friction, and high thermal
stability (Lu et al.,, 2006).

These factors are particularly important in the ergonomic
design of pruning shears. Hence, if the pruning process is
examined in terms of ergonomics, it will be seen that
hand pruning shears increase discomfort such as
musculoskeletal disorders of hand and wrist disorders
(Ozdemir et al, 2015). Therefore, an interdisciplinary
approach is necessary for hand tool evaluation, not only
as regards the methodological set-up, but also as regards
the actual evaluation process (Kardborn, 1998). Related
to this issue, Parish conducted a study in 1998 on the
determination of the forces required by hand-operated
pruning shears and stated that the shears with different
designs showed differences in terms of their shear force
requirements. Similarly, Aytan (2012) demonstrated that
by changing the coating materials of pruning shears it is
possible to decrease the requirement of cutting force.
Also, numerous studies have been assigned to the effects
of hand-operated instruments on muscle and skeletal
structure. Hagberg and Wegman (1987) determined that
material handling and force/torque working with the aid
of human-powered hand tools explain roughly 45% of all
industrial overexertion injuries in the USA.

By implementing ergonomics and usability issues in
product design, the user’s well-being can be improved by
decreasing e.g, the risk of musculoskeletal disorders
(Paivinen and Heinimaa, 2003). Thus, reducing the shear
force required by hand pruning shears; it will help to
reduce the inconveniences that may arise while
increasing job success and working comfort. When the
studies on this subject are examined, it is seen that the
majority of the studies are based on the effect of blade
angle and cutting speed (Johnson et al., 2012; Mathanker
et al, 2015) and also the determination of the shear
forces and shear energy needed by the selected
agricultural materials (Prasada and Gupta, 1975;
Ghahraei et al,, 2011; Hoseinzadeh and Shirneshan, 2012;
Ozdemir, et al., 2016; Selvi and Kabas, 2016).

Currently, we have no reported data on the effect of blade
material effects on force demand when pruning grapes.
The aim of this study is to determine the force
requirements of the blades used in pruning processes,
which require
accordance with this purpose, this study also was to
investigate how different coating materials on hand tool
blades affect force demands during simulated cutting.
The force demands in cutting grape branches with St-52
steel, PTFE and STP-coated hand tool blades were
measured with a materials testing system (LLOYD). One
type of lopper blade with two different coatings and a St-
52 steel blade were compared in terms of mean and max
forces.

intensive labor in viticulture. In

2. Materials and Methods

2.1. Sample Preparation and Material Testing System
This study was carried out in the Department of
Agricultural Machinery and Technologies, Faculty of
Agriculture, Ondokuz Mayis University, Samsun, Tiirkiye.
The grape variety, namely Narince, was selected in 2013
from Tokat province for cutting tests in the experiment.
For doing the cutting test, samples of grape branches
were obtained from a farmer’s vineyard in Tokat
province (40° 16' 57 N; 36° 24" 20 E. The experiment
tests were performed during the grape pruning season.
To determine the average moisture contents of the grape
branches on the date of the test, the specimens were
weighed and dried at 105°C for 24 h in the oven. The
experiments were conducted at moisture contents of
50.33 w.b. The weights were determined by means of a
digital electronic balance having an accuracy of 0.001 g
(Selvi and Kabas, 2016).

The force required to cut grape brunches with different
coated blades was measured by a Lloyd Instrument
Universal Testing Machines (Lloyd Instrument LRX Plus,
Lloyd Instruments Ltd, An AMATEK Company). The
device has three main parts: moving head, driving unit
and data acquisition system (load cell, notebook and
connections and NEXYGEN Plus software). The device
was equipped with a load cell of 500 N and the
measurement accuracy of the load cell was 0.5%. The
load cell was fixed to the moving head (Figure 1).

BSJ] Eng Sci / Kemal Cagatay SELVI

112



Black Sea ]o\urnal of Engineering and Science

2.2. Lopper Blades

In this study, there were nine similar blades with the
same measurements, three of which had a PTFE
(Polytetrafluoroethylene) coated surface, three an STP
(soft teflon) coated surface, and finally, three a St-52
steel. The properties and pictures of the materials used in
the construction of blades are given in Table 1 and Figure
2, respectively. St-52 is one of the materials generally
used as the basic material for the blades on the market.
All blades were new and from the same manufacturer.
Teflon coated blade is coated to 20-25 pm thickness.
With the lopper blades, ten measurements with each
blade were made for groups between 6-9 mm and 9-12
mm branch diameters, totaling 60 measurements with all
blade types.

Figure 1. Lloyd Instrument universal testing machine.

Table 1. The properties of the PTFE, STP coated and ST52 steel lopper blade.

Unit St-52 (ave) PTFE - STP (ave.)
Tensile Strength MPa 630 13-333
Tensile Elongation % 20 150-550
Modulus of Elasticity N/mm? 199 575
Hardness Brinell MPa 180 29-40

cutting process. It is also example of force-time graphs
for three different blades were given in figure 4.

2.3. Statistical Analysis

In this study, descriptive statistical methods such as
average and standard error of mean were used.
Kolmogorov Smirnov test showed that the data has
normally distributed (P=0.742) and Levene test showed
that variances were homogeneous (P=0.074), in this case,
one-way ANOVA was used to analyze the data (Onder,
2018). The power of the test was found 1.000, which
showed that the sample size was adequate. To compare
the means Duncan multiple comparison tests were used
(Geng and Soysal, 2018).

Figure 2. The pictures of the materials used in the
construction of blades. ! g!

To minimize the effects of quality differences of natural
grape branches, the measurements were organized so
that each cutting branch from the same vineyard was
used for all lopper blades. With the lopper blades fresh
grape branches were cut between 6-9 mm and 9-12 mm
diameters (Figure 3). The branch-cutting diameters were
measured before the test using a caliper. Testing was
completed as rapidly as possible in order to reduce the
effects of drying. The lopper blades were pressed down
on branches with a constant velocity of 200 mmmin-1. All

tests were done at normal room temperature. Each

variety’s required measurements were performed on the Figure 3. The testing system for the lopper blades (left
same day with applied perpendicular force (90°) to the view).
material reference plane.

The cutting force was automatically calculated by Lloyd
Instrument universal testing machine. A computer data

acquisition system recorded all the force during the
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Figure 4. Variation of cutting force with time.

3. Results

The results were analyzed as the average force (N)
needed for the branch of grape cutting and as the
maximum values obtained during the measurements. The
average and maximum shear force and energy and the
standard deviation values are given in Table 2 and Table
3 respectively.

The PTFE-coated blade resulted in a 30.69% and 25.63%

L] 1 Al

[

Time (sec)

lower average force and a 25.6% and 23.8% lower
maximum force compared to the STP-coated blade and
ST52 steel-surfaced blades for 6-9 mm diameter sample
group respectively. When the other diameter group is
examined for the same materials, the PTFE-coated blade
resulted in a 17.76% and 13.82% lower average force
respectively. The differences between the force demands
of blades were significant (P<0.05).

Table 2. The average and maximum force results of the lopper blades for different samples diameter groups for data

corrected with humidity

Blade Diameter of PTFE-coated blade STP-coated blade St-52

velocity sample N) N) N)

(mm/min) groups (mm) Average Max.  Min. Average Max. Min. Average Max. Min.
6-9 133.7+3.6d 155.6 121.6 179.8+58c 2044 160.1 1919+3.8c 208.0 172.1

200
9-12 233.7+17.7>

3054 2035 271.2+5.]1a

297.6 2495 284.2+11.72 359.0 2413

(N) (ncus=blade= 10), 2b Different letters show statistical difference at 0.05 statistical significance.

Table 3. The average and maximum energy results of the lopper blades for different samples diameter groups for data

corrected with humidity

Blade Diameter of sample PTFE-coated blade STP-coated blade St-52
velocity groups (mm) 0)) 0) 1))
(mm/min) Average Max. Average Max. Average Max.
200 6-9 0.66+0.050b 0.87 0.92+0.06P 1.36 0.99+0.06P 1.19
9-12 1.85+0.10a 2.37 1.88+0.14a 2.27 1.97%0.08a 2.17

ab Different letters show statistical difference at 0.05 statistical significance.

4. Discussion

This study is more of a comparative study in line with the
needs in practice rather than the acquisition of
constituting a database. Therefore, it can be deliberated
over whether or not the method used in this study was
suitable for usability evaluation.

In general, the materials testing system is used and
accepted methods e.g, for force measurements and
comparison in materials science. In this experience
regulation, the system’s ability to measure forces was

used. In fact, it has been envisaged that, if the required
strength of the blades coated with some different
materials can be reduced, there is less force needed for
the actual use of hand tools. Thus, in the evaluation of
different coated materials the St-52 steel blades were
chosen as reference blades as they are commonly used in
these types of blades and it was possible to obtain
similarly shaped PTFE-coated blades. PTFE or STP (Soft
politetrafloroetilen) coating is used widely as a surface
material in different industrial areas and also in
agricultural machinery recently. Thus, it is interesting to
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note that the work on the advantages of the use of
materials suitable for coating, such as Teflon, in the
design of such devices is extremely limited. The
repeatability of the tests was improved by using several
repetitions. Also, the compared blades were of the same
shape. The results correspond to the relative differences
between the products studied. The results do not
represent the actual force demand values when the tool
is used in a real setting.

It should not be forgotten that such a work could be
developed using much more blades and much more
repetition in the same way.

Many different researchers have stated that the manual
pruning work method may place severe pressure on the
workers' tendons, related bones and nerves of the hand,
wrist, and elbow (Lakshmi and Kumari, 2015). In
particular, repetitive work (such as pruning) in a work-
intensive area such as viticulture affects the production
process significantly. Because pruning directly affects the
yield of the product, it can cause distraction due to the
negative situations that may occur in the hands of the
employees who will perform the pruning work in this
regard. Thus, the yield quality may decrease and affect
the efficiency negatively. For this reason, some limited
values for human health have been reported for manual
repetitive work, such as in the field of viticulture.
According to the EN-1005-3 standard, it is desirable that
the force to be applied by the hand is not above 300 N
and that it is possible to be within the 150-200 N band if
possible.

According to the results, it seems that PTFE coating
lowers the force demands if compared with St-52 steel
blades. Statistically significant differences in the force
demands of PTFE-coated and other blades were found.
Similar results from Paivinen and Heinimaa’s study
support these results. On the other hand, there was no
statistically significant difference in force between St 52
steel blades and STP-coated blades. This can be explained
by the fact that the STP exhibits low friction coefficients
(0.05-0.10) to the PTFE but exhibit easy wear
characteristics (Lu et al,, 2006).

Also, blade optimization has an important role in tool
usability (Niemela and Paivinen, 2001). It should be also
noted that it is possible that the cutting velocity has an
influence on the results. For example, Aytan’s
emphasized master thesis work the importance of
reducing the cutting force by increasing the cutting speed
in the coated and uncoated blades used during the
pruning of the apple branches. In this study, the aim was
to investigate the effect of the coating material on the
cutting force during simulated cutting rather than the
effect of the blade speed and cutting angle on the cutting
force, and a relatively low-speed value was chosen as the
constant value.

As also mentioned in the introduction, it can be said that
it is possible that reduced force demands could also have
a positive effect on the prevention of musculoskeletal
disorders, at least in long-lasting work tasks. It may also

be advisable to conduct studies on coating rates for
subsequent similar work.

5. Conclusion

It was found that the force demands of cutting hand tool
blades can be reduced by using PTFE coating instead of
St-52 steel blade. This situation can prevent the
carelessness that may occur due to fatigue over time. In
addition, pruning operations with lower forces can be
completed in less time and can support the protection of
human health during pruning with an important place
among the factors affecting the yield. Also, more useful
products such as pruning blade material can be
introduced to the consumer market.
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Ozet: Artan niifus yogunlugunun ve kiiresel 1sinmadan kaynaklanan iklim degisikliklerinin tarimsal iiretimin miktar1 ve kalitesi
iizerinde onemli etkileri bulunmaktadir. Bu nedenle diinya, gida kithg: gibi ciddi problemlerle karsi karsiyadir. Dolayisiyla tarim,
tilkelerin ekonomik ve sosyal kalkinma programlarinda bulunan hayati bir faaliyettir. Sert kabuklu meyveler kategorisinde diinyada
bademden sonra iiretimi en fazla yapilan iiriin findiktir. Uretimi Tiirkiye, Italya, ispanya, ABD gibi iilkelerde yogunlasmis olan findigin
diinyadaki talebinin yaklasik %70'ini Tiirkiye karsilamaktadir. Bu nedenle, findik iiretiminde verime etki eden parametrelerin tespit
edilmesi ve bu parametrelere bagh olarak verimin tahmin edilmesi ¢ok biiyiik 6nem arz etmektedir. Bu ¢alismada, Sakarya, Diizce,
Samsun, Giresun, Trabzon illerindeki ve bu illerin findik iiretimi yapilan ilgelerindeki, findik tretimine etki eden parametreler
incelenerek bir sonraki adimda elde edilecek verim tahmini yapilmistir. Tahmin islemi i¢in gereken dzniteliklerin eldesi i¢in ham veri
setine bazi 6n isleme adimlar1 uygulanmis, temel bilesenler analizi (Principal Component Analysis, PCA) ile o6znitelik sayisi
azaltilmustir. On islemeden gecen bu veriler girdi olarak, XGBoost algoritmasi, Yalin Uzun-Kisa Siireli Bellek (Long Short-Term Memory,
LSTM) modeli, Yigilmis LSTM modeli, Konvoliisyonel Sinir Ag1 (Convolutional Neural Network, CNN) modeli ve CNN-LSTM hibrit
modeline verilerek tahmin islemi gerc¢eklestirilmistir. Son olarak bu yontemlerin her biri i¢in Ortalama Hatalarin Karekokii (Root Mean
Square Error, RMSE) ile tahmin hatasi elde edilmis ve yontem kiyaslamalari i¢gin kullanilmistir. Bu sonuglara gore, en diisiik RMSE=1,32
degeriyle en iyi performans CNN-LSTM hibrit modeli ile elde edilmistir.

Anahtar kelimeler: Findik verim tahmini, CNN, LSTM, XGBoost algoritmasi, Temel bilesenler analizi

Learning Based Yield Forecasting for Hazelnut Production

Abstract: Increasing population density and climate changes resulting from global warming have significant effects on the amount and
quality of agricultural production. Therefore, the world is facing severe problems, such as food shortages. Therefore, agriculture is a
vital activity in countries' economic and social development programs. In the category of hard-shelled fruits, hazelnut is the most
produced product in the world after almonds. Turkey meets approximately 70% of the world's demand for hazelnut, which is
concentrated in countries such as Turkey, Italy, Spain, and the USA. For this reason, it is essential to determine the parameters affecting
the yield in hazelnut production and to estimate the yield depending on these parameters. In this study, the parameters affecting the
hazelnut production in the provinces of Sakarya, Diizce, Samsun, Giresun, Trabzon and the districts of these provinces where hazelnut
production is made were examined, and the yield estimation to be obtained in the next step was made. In order to get the features
required for the forecasting process, some pre-processing steps were applied to the raw data set, and the number of features was
reduced by Principal Components Analysis (PCA). These pre-processed data were given as input to the XGBoost algorithm, Lean (Long
Short-Term Memory, LSTM) model, Stacked LSTM model, (Convolutional Neural Network, CNN) model and CNN-LSTM hybrid model,
and estimation was carried out. Finally, (Root Mean Square Error, RMSE) estimation error was obtained for each method and used for
comparison. According to these results, the best performance with the lowest RMSE=1.32 value was obtained with the CNN-LSTM
hybrid model.
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1. Giris
Bilisim teknolojileri ve haberlesme gibi alanlardaki
ilerlemeler, cevremizdeki verilerin toplanip, saklanmasi
ve sonrasinda da bu verilerin islenebilmesi konularinda
oniimiize degerli bir firsat sunmaktadir. Son zamanlarda
yapay Ogrenme
glinlimiiz problemlerine yaklasimimizi

tekniklerinde yasanan gelismeler,
degistirmeye
baslamigtir. Ayrica, gelismekte olan bulut teknolojileri

kompleks problemlere karsi her gecen giin daha basit ve

erisilebilir ¢oziimler sunmaktadir. Bu cercevede farkl
rekolte tahmin uygulamalarinda da yapay O6grenme
yontemleri bir siiredir kullanilmaktadir (Cioffi ve ark.,
2020).

Tahmin, temel olarak var olan bilgiler lizerinden ¢ikarim
yapma islemidir. Bu tahmin, bir nicel kavram i¢in
yapiliyorsa genellikle kestirim adini alir. Kestirimde,
bagimsiz degiskenlerin yani gozlenmis veya Olgiilmis
degerlerin olusturdugu veri kiimesine dayanarak belirli
bir bagimli degisken kestirilmeye ¢alisilir. Bu dogrultuda,
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tarim drilinlerinin rekolte tahmini i¢in kullanilan
yontemlerin sinirlamalar1 da, tahmin yodntemlerinde
kullanilan, 6lgiilebilen ve gozlenebilen bagimsiz
degiskenlerin ortaya koyacagl sinirlar c¢ergevesinde
sekillenmektedir (Liu ve ark., 2001; Kent, 2020) .

Tarim lriinlerinin rekoltelerinin tahmini, tilkelerin dogru
ve etkili tarim politikalar1 belirlemelerinde 6nemli rol
oynar. Boylece, ireticilerin elindeki kisith kaynaklarin
dogru kullanilmasi saglanarak kazang optimize edilmis
olur (Marko ve ark., 2016; Liliane ve Charles, 2020).
Bunun yani sira, tedarik zincirinin saglikli bir sekilde insa
edilebilmesi, ilgilenilen {riintin ihracat ve ithalatinin
belirlenip planlanmasi da bu tahminlerden yararlanilarak
yapilmaktadir. Sert kabuklu meyveler kategorisinde
bademden sonra iiretimi en yogun yapilan triin findiktir.
Findik kiiltiir cesitlerinin yetistiriciligi Tirkiye, italya,
ispanya ve ABD gibi iilkelerde yogunlasmistir. Ulkemiz
600 bin tonu gecen lretim miktariyla diinya findik
talebinin %70’ini karsilamaktadir. Tiirkiye'nin pazardaki
bu payr dogru rekolte tahminlemelerinin 6nemini
artirmaktadir (Romero ve ark, 2013; Ustin ve
Karaosmanoglu, 2017).

Findik bitkisi, Corylus cinsinin Betulaceae familyasi
icindeki ¢ok yillik bitkilerden birisidir. Findigin ¢ikis
noktalar1 Orta Asya, Kafkasya ve Anadolu’dur.
Anadolu’da findik iiretiminin yapildig1 bolge ise Orta ve
Dogu Karadeniz bélgeleridir. Diinyanin en kaliteli findik
cesitleri Anadolu’da iretilmektedir (Koksal, 2002).
Findik, iiman ve nemli bolgelerde oldukca iyi bir gelisim
gostermekte ve bol iiriin vermektedir. Karadeniz bélgesi,
bu sayede diinyanin en uygun findik yetistirme
bolgelerinden biridir. 13 °C ile 16 °C ortalama sicaklik
araligy, findik icin en uygun yetisme sicaklik araligidir.
Findik i¢in hava sicakligt -8 °C - 10 °C sicaklik
degerlerinin altina inmemeli ve 36 °C - 37 °C 'nin de
listiine ¢ikmamalidir. Ayrica, yillik yagis toplaminin 700
mm’'nin altinda olmamasi ve yagisin yil boyunca dengeli
bir sekilde dagilim gostermesi gerekmektedir. Haziran ve
aylarindaki bagill nemin %601in altina
diismemesi gereklidir (Tuncer ve ark., 2020). Findigin
olusumuna etki eden en dnemli faktérlerden biri de
riizgardir. Riizgar, findigin déllenmesini saglar. Bitkilerde
optimum riizgar hizi 3-5 m/sn’ dir. Riizgarin hizinin daha
fazla olmasi bitki gelisimine olumsuz yoénde etki
edebilmektedir (Asar ve ark., 2007). Findik olusumuna
etki eden bir bagka faktor, topragin pH degeridir. Findik,
6-6,5 pH degerlerinde ¢ok iyi derecede gelisim
gostermektedir (Ali, 2010). Bir diger 6nemli faktor ise
ylksekliktir. Findik yetistirmek icin en ideal olan
yiikseklik 700-800
ylikseklikleridir. 1500 metre civarlari findik yetistiriciligi
icin elverissiz yiiksekliklerdir (Zaman, 2004).

(Simsek ve ark. 2014) ¢alismasindaki Tiirkiye Fenoloji

Temmuz

deniz  seviyesinden metre

Atlasinda fenolojik dénemlerin ayristirilmasinin kiiltiir
bitkisi yetistiriciliginde biiyilk 6neme sahip oldugu
belirtilmis ve bu fenolojik donemler ¢iceklenme, meyve
olusumu ve olgunlasma-hasat doénemi olarak ii¢ ana

baslik altinda ele ainmistir. il bazinda minér farkhliklar
bulunmasina ragmen, findik bitkisi i¢in subat-mart-nisan
aylar1 ciceklenme, mayis-haziran aylar1 meyve olusumu,
temmuz-agustos aylari ise olgunlagsma ve hasat dénemi
seklinde ifade edilir. Yapilan arastirmalarda, mevsimsel
ortalama degerlerin ve ozellikle fenolojik donem
baslangi¢larinin rekolte {izerine o6nemli etkilerinin
oldugu gorilmistiir. Findik verimliligi, 6zellikle kis ve
ilkbahar donemlerinde diisiik sicakliklardan o©Onemli
olciide etkilenmektedir. Yani, fenolojik dénemler ile
sicaklik  iligkisinin  dogrudan etkiledigi

soylenebilir. Boylece, bagil nem, yagis ve ortalama

verimi

sicaklik gibi faktérler findigin kis ve ilkbahar gelisme
donemlerini c¢esitli yollarla etkileyerek findik veriminin
gozlemlenebilmesine olanak vermektedir (Beyhan ve
Odabas, 1996). Ornegin, irdem (2021) calismasinin
arastirma alaninda findik verimi ile aylik ortalama
sicakliklarin korelasyon ve regresyon degerleri Tablo
1’de verilmistir. Yillilk ortalama sicaklik ile verim
arasinda Diizce ve Giresun illerinde negatif bir iligki
bulunmaktadir. Diger ii¢ ilde ise ¢ok zayif bir pozitif iligki
gorilmektedir. Verim tahmininin, goriintii isleme tabanh
yapildig1 calismalar da mevcuttur ( Zhao ve ark., 2019;
Yadav ve ark., 2021).

Hasattan 6nce mahsul veriminin dogru ve zamaninda
Ancak
arastirmacilar i¢in verimi dogru bir sekilde tahmin
etmek, farkli nitelikteki bir¢ok faktérden dolayr her
zaman zor olmustur. Makine o&grenmesi alanindaki

tahmin edilmesi son derece o©nemlidir.

gelismeler, bu alanda umut verici bir gelecek vaad
etmektedir (Bali ve Singla, 2022). Bu nedenle, son
yillarda makine 6grenmesi temelli tahmin ¢alismalar1 6ne
cikmaktadir (Cedric ve ark., 2022; Fei ve ark, 2022;
Paudel ve ark, 2022; Desloires ve ark., 2023). Kim ve Lee
(2016) calismalarinda, dort makine 6grenme teknigi,
yani, destek vektor makinesi (SVM (Support Vector
Machine), RF (Random Forest), ERT (Extremely
Randomized Trees) and DL (Deep Learning)) kullanarak
ve uzaktan inceleyerek
Eyaletindeki
etmiglerdir. Sonuglar incelendiginde, o6zellikle derin
O6grenmenin verimi tahmin etme araci olarak diger
yontemlere gore daha sonuglar {rettigi
gorilmistir (Kim ve Lee, 2016). Villanueva ve Salenga
(2018) tarafindan yapilan c¢alismada, CNN yo6ntemi

algilama verilerini Iowa

misir mahsuliiniin  verimini tahmin

kararh

kullanilarak ac1 kavun veya aci kabak mahsuliiniin meyve
verme yetenedi incelenmisgtir. Iyi ve kéti olarak
siniflandirilan yaprak goriintiilerinin egitimi; Keras,
Tensor Flow ve Python araciligiyla yapilmistir. Sonug
olarak, tahmin icin modele sunulan fazla sayida goriint,
bir makinenin iyi ve kotl bir Ampalaya bitkisi arasindaki
farki 6grenmesini saglayabilmektedir (Villanueva ve
Salenga, 2018). Fei vd. (2022), insansiz hava araci (IHA)
kaynakli ¢oklu sensor verilerinin birlestirilmesi igin
(Machine
yontemlerinin kullanilmasinin, mahsul veriminin tahmin

makine 0grenmesi Learning, ML)

dogrulugunu artirabilecegini savunmuslardir.
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Tablo 1. Arastirma alaninda findik verimi ile ayhk ortalama sicakliklarin korelasyon ve regresyon degerleri (irdem,

2021)
fller Istatistik Eyliil Ekim Kasim AralikOcak Subat Mart Nisan Mayis Haz. Tem. Agus. Yillik
Unsurlar
Korelasyon -0,16 -0,28 -0,22 0,11 -0,26 -0,02 0,20 0,25 -0,130,04 0,31 0,13 0,09
Sakarya Anlamlhlik 0,41 0,16 0,27 0,58 0,19 094 032 0,21 051084 012 052 0,64
R2 0,03 0,08 0,05 0,01 0,07 0,00 0,04 006 002000 0,09 0,02 0,00
Korelasyon -0,46* -0,18 -0,36 0,08 0,05 -0,16 -0,04 0,22 -0,060,08 0,06 0,23 -0,10
Diizce  Anlamlihlk 0,02 0,36 0,07 0,67 0,79 043 085 028 076069 0,78 0,25 0,63
R2 0,21 0,03 0,13 0,00 0,00 0,03 0,00 0,05 0,00000 0,00 005 0,01
Korelasyon -0,01 -0,11 -0,16 0,14 -0,21 -0,08 0,18 0,36 -0,160,07 0,20 0,40* 0,02
Samsun Anlamhlik 0,95 0,59 042 048 0,29 0,71 038 006 043073 032 0,04 092
R2 0,00 0,01 0,03 0,02 0,04 0,00 003 013 0,03000 0,04 0,16 0,00
Korelasyon 0,05 0,07 -0,27 0,08 -0,18 -0,15 0,15 0,21 -0,14-0,18 0,16 0,11 -0,02
Ordu Anlamhihk 0,83 0,77 0,21 0,72 0,40 050 049 033 052042 046 0,60 0,92
R2 0,00 0,00 0,07 0,00 0,03 0,02 0,02 005 002003 003001 0,00
Korelasyon -0,24 -0,26 -0,35-0,01 -0,36 -0,34 -0,01 0,06 -0,28-0,30 0,06 -0,13 -0,32
Giresun Anlamhhik 0,22 0,18 0,07 096 0,07 0,08 096 075 0150,12 0,75 0,52 0,10
R2 0,06 0,07 0,13 0,00 0,13 0,12 0,00 0,00 0,080,09 0,00 0,02 0,10
Korelasyon 0,03 -0,27 -0,05 0,02 -0,13 0,10 0,38* 0,31 -0,07-0,09 0,18 0,12 0,16
Trabzon Anlamllik -0,16 -0,28 -0,22 0,11 -0,26 -0,02 0,20 0,25 -0,130,04 0,31 0,13 0,09
R2 0,00 0,08 0,00 0,00 0,02 0,01 014 0,09 000001 0,03 001 0,03

Bunun i¢in Kiibist, SVM, derin sinir ag1 (Deep Neural
Network, DNN), ridge regresyon (RR) ve rastgele orman
(Random Forest, RF) gibi bes ML algoritmasi, ¢oklu
sensor veri birlestirme ve bugdayda tahil verimi
tahmininde topluluk 06grenmesi icin kullanilmistir.
Sonuglar, diisik [HA tabanhi ¢oklu
verilerinin, veri fiizyonu ve yiiksek dogrulukta bir
topluluk 6grenme c¢ergevesi kullanilarak erken tahil
verimi tahmini icin kullanilabilecegini kanitlamistir (Fei
ve ark., 2022).

Yapilan c¢alismalar incelendiginde, c¢ogunlukla findik
irini disindaki triinlerin verilerinden yararlanildig:
goriilmektedir. Findik verisi 6zelinde yapilan érnek bir
calisma An ve ark. tarafindan 2020 yilinda yapilmistir.
Calismalarinda RCP8.5 (The
Concentration Pathway) kapsaminda, bdlgesel iklim
modeli RegCM4.4'ten 10 km yatay ¢oziniirlikli 1zgaral
iklim verilerine dayanarak, 2021-2050 doénemi igin
verim degisimini arastirmak amaciyla ¢oklu regresyon

irtifal sensor

Representative

analizi yapmislardir. Toplam 88 farkli lokasyon ve ii¢
fenolojik biliylime asamasi incelenmistir. Nemli-iliman
Karadeniz ve yari-nemli Marmara bolgelerinde findik
veriminin fenolojik, alt bélge ve mikro iklim kosullarina
bagh olarak onemli farkhiliklar gosterdigi
gozlemlenmistir (An ve ark. 2020). Fakat bu ¢alismada
DL temelli yaklasimlar kullanilmamstir.

Bu calismada ise, Sakarya, Diizce, Samsun, Giresun,
Trabzon illerindeki ve bu illerin findik iiretimi yapilan
ilcelerindeki, findik iiretimine etki eden parametreler
incelenerek bir sonraki adimda elde edilecek verim
tahmini ML ve DL modelleri iizerinde yapilmistir. Bu
¢alismanin geri kalani ise su sekilde organize edilmistir:

Bolim 2'de, bu c¢alismada kullanilan materyal
yontemlere deginilmistir. B6liim 3'te tasarlanan modeller
ile elde edilen tahmin sonuglarindan bulgular verilmistir.
Dordiincii boliimde ise, elde edilen sonuglar tartisiimis ve
yapilabilecek calismalar

ve

gelecekte muhtemel

Ozetlenmisgtir.

2. Materyal ve Yontem

2.1. Veri Seti

Bu ¢alismada kullanilan veri seti yapisi, Tiirkiye'deki
findik Gretimine en ¢ok katkida bulunan Sakarya, Diizce,
Samsun, Giresun, Trabzon gibi illerdeki ve bu illerin
yapilan ilgelerindeki yillik
verilerinden olusturulmustur. Bu veriler, Tirkiye
[statistik Kurumu (TUIK) goérevlileri tarafindan ilgili

findik iretimi rekolte

eden faktorlerin
gozlemlenmesi TUIK/Biruni
platformunda erisilebilir verilerdir. Model egitiminde
kullanilacak toplam 34 degisken
belirlenmistir. 5 ile ve ayr1 ayr ilgelerine ait iklimsel
veriler ise bolgesel olarak Amerikan Ulusal Havacilik ve
Uzay Dairesi (National Space
Administration, NASA) Power platformu aracilifiyla elde
edilmistir. iklimsel verilerin elde edilmesine ait érnek

yerlerde findik verimliligine etki
ile olusturulmus,

veri setinde

Aeronautics and

goriintii Sekil 1’de gosterilmistir.
NASA Power
klimatoloji verileri arasindan secilen 7 temel parametre

platformu {izerinden sunulan agro-

sunlardir:

1. Yagis (mm)

2. Diinya yiizeyinden 2 metre ylikseklikte giinliik
ortalama sicaklik (°C).
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3. Diinya yiizeyinden 2 metre yikseklikte giinliik
ortalama riizgar hizi (m/s).

4. Diinya yilizeyinden 2 metre ylikseklikte giinliik
ortalama bagil nem (%).

5. Diinya yiizeyinden 2 metre yiikseklikte giinliik
ortalama ¢ig/isba noktasi (°C).

6. Diinya yiizeyinde yatay bir yiizeye gelen toplam
glines 1siniminin  glinlik
(M]/m?/giin)

7. Diinya yiizey sicakliginin giinliik ortalamasi (°C).

ortalama  miktari.

Giinliik olarak toplanmis bu verilerin yillik araliklarla
ifade edilebilmesi amaciyla, ilgili yila ait butiin verilerin
mevsimsel ortalamalar1 alinmistir. Yagis degiskenine ait
mevsimsel ortalama degerleri degisken olarak veri
setinde yer almistir.

TUIK iizerinden elde edilen verilerde, meyve veren
yastaki aga¢ sayisi verisi ve meyve vermeyen yastaki agac
sayisi verisi bulunmaktadir. Bu c¢alisma cergevesinde,
sadece meyve veren yastaki aga¢ sayisi bir degisken
olarak kullanilmis ve verim hesaplanirken kg/agac yerine
kg/dekar birimi dikkate alimmistir. TUIK platformunda
kirilim se¢imine ait goriinti Sekil 2 ile verilmistir.

model kullanilmasi o6ngorildiigiinden veri setine bir
degisken olarak zaman damgasi da eklenmistir.
2.2.Veri On isleme
TUIK veri taban iizerinden elde edilen en eski tarihli veri
2004 yilina aittir. Veri 6nisleme asamasinda, veri setine
temel olarak biitiin ilgelere ait kaydedilen verilerde
tutarhlifn gozetmek adina, 2004-2020 yillar1 arasinda
eksik veri bulunan ilgeler dahil edilmemistir. Sakarya’nin
Adapazar ilgesine ait eksik veri 6rnegi bu duruma érnek
olarak Sekil 3 ile verilmistir. Burada 2004-2007
arasindaki verilerin islenmedigi goriilmektedir.
TUIK/Biruni  platformu elde
parametreler asagida siralanmistir:

1. Meyve veren yastaki agac sayisi

2. Toplu Meyveliklerin Alani (Dekar)

3. Uretim Miktar1 (Kg)

4. Verim (Kg/Dekar)
Burada iiretim miktar1 sadece verim hesaplamasinda
kullanilmis olup modelin girdisi olarak kullanilmamistir.
ilk veri 6n isleme asamasina ilk olarak verimin kg/dekar

lizerinden edilen

seklinde hesaplanmasiyla baslanmistir. Tespit edilen
aykir1 gozlem degerleri o ilceye ait ortalama degerlerle

Veri setinin genel yapisi, TUIK ve NASA Power tekrar diizenlenmistir ve baska bir 06n isleme
platformlarindan saglanan verilerle {icretsiz bir sekilde yapilmamistir.
olusturulmustur. Ayrica calismada LSTM tabanli bir
‘g POWER Data Access Viewer Prediction Of Worldwide Energy Resources u\,
7 ~=Yenimahalle
Piraziz.
™ pOWER Regional Data Access - X =)
1. Choose a User Community A
SSE-Renewable Energy <
2. Choose a Temporal Average i Toprakdegirmeni
@paily O Interannual O Climatology iy ayil Bulanicak:
Mahalleslgyiancak
Add a Rectangl: .
Ykt =il
- Clear
Bottom-left Lat  40.9126 (Oacimal Degrees;
settin
Bottom-left Lon  38.1772
Riziot Duacioglu
Upper-right Lat  40.9449 (Decimal Degrees: - o
Upper-right Lon  38.2910 (Decimal Degrees
4. Select Time Extent Yildiz
_StatDate _QUNIR01S  tuwoniooo Aligse
Atakoy Merkez
Sekil 1. Giresun Bulancak il¢esine ait iklimsel verilerin elde edilmesi.
Urin niteligi = e Urinler o Olgil DKM
peo] Lo DG
[Cfetepsi= €| €| P I7 (> » [41-50/64] [J<Hepsi=
[Toplu Meyveliklerin Alan [Tiv1.25.19.00.01) Maviyemis []KaMeyve Veren Agag
[“Meyve veren vasta Agag Sayis [Tio1.25.19.00.05) Bagirtien [w]adet sayisi
D‘de','ve Vermeyen Yagta AQag Sayis I:‘[U1.25 19.00.06] Dut _cn
[verim [lo1.25.31.00.00] Badem [v]pekar
[ JOretim Miktar: [fio1.25.32.00.00] Kestane
[+]01.25.33.00.00] Findik
|_|[U1.25 34.00.00] Sam Fish (Antep Fishdi) <
Sekil 2. TUIK platformu kirihm segilimi.
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2008 503320
2009 303320
2010 303320
2011 303320
2012 298000
2013 177500
2014 177500
2015 177550
2016 190000
2017 213750
2018 236250
2019 238600
Sakarya(Adapazan)-2065 2020 260000

7583 1856000 36587.5149 2447580113
7583 1213000 3999.0769 159.9630753
7580 910000 30001319 120.0527704
7580 607000 2001.1869 80.07915567
7450 745000 2500.0000 100
3550 516000 2907.0423 1453521127
3550 710000 4000.0000 200
3580 568000 3199.0988 160
4500 632000 3326.3158 140.4444444
4750 737000 34479532 156.1578947
5250 336000 1422 2222 64
5300 452000 1894.3839 85.28301887
6220 513000 1832.1429 8247588424

Sekil 3. Veri setine dahil edilmeyen ilge bazinda eksik veri 6rnegi.

2.3. Sentetik Veri Uretimi

Rekoltenin yillik olarak elde edilmesi nispeten kisith bir
veri seti olusturulmasina neden olmaktadir. Bu sorunun
¢6zumu  i¢in
basvurulmustur. Kisaca bu yontem, lineer polinomlar
yardimiyla bilinen veri noktalarindan yeni verilerin
iretilebilmesine olanak saglayan bir yontemdir (Box ve

lineer interpolasyon  ydntemine

ark., 2015). Lineer interpolasyon yontemi ile yeni veriler
olusturulmus ve bu sayede derin dgrenme modeli i¢in
yeterli seviyede 6rnek sayisina ulasilmistir. Daha sonra
bu islemin dogru bir sekilde  gergeklesip
gerceklesmedigini kontrol etmek amaciyla tanimsiz
degerler ve aranmistir.  Islem
sonucunda elde edilen final verisinin verim parametresi
dagilimi Sekil 4’te verilmistir.

yinelenen satirlar

2.4. Temel Bilesenler Analizi

Temel bilesenler analizi (Principal Component Analysis,
PCA), veri seti
maliyetini
varyansin
degiskenlerin
performansini

boyutunu sikistirarak hesaplama
diisiiren, bagimli degisken kiimesindeki
biiytk cogunlugunu aciklayabilecek
secilmesini  saglayan  ve
iyilestirerek daha

model
iyi tahminleme
sonuclarinin elde edilmesine yardimci olan bir yontem
olarak kullanilmaktadir. Temel bilesenlerdeki birim
degisimin varyans lizerindeki agiklayiciik dagilimi Sekil
5'te gorilmektedir. Bu analiz sonucunda en yiiksek
aciklayicihiga sahip bes degisken belirlenmis ve model
girdisinde bu bes temel bilesen etkili olmustur.
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Sekil 4. Verim parametresinin histogram grafigi.
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Sekil 5. Temel bilesenler analizi ac¢iklanan varyans grafigi.
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3. Bulgular ve Tartisma

Veri setinde bulunan 34 degisken, PCA ile 5 temel
bilesene indirilmis ve 0znitelik olarak kullanilmistir.
Zaman serisi olarak ge¢mis tarih uzunlugu 24 olarak
secilmistir. Elde edilen veri setinin %601 egitim, %20’si
validasyon ve geriye kalan %20’si de test asamasinda
kullanilmak tizere ayrilmistir.

3.1. Model Tasarimi

Bu c¢alisma dogrultusunda, birisi denek model olmak
lizere toplamda 5 yapay 6grenme modeli gelistirilmis ve
belirlenen metrikler iizerinden bu modellere ait
kiyaslamalar yapilmistir. Naive modelleme, XGBoost
yapisl ile gergeklestirilmis ve bu modelin denek model
olarak temel kiyaslamada kullanilmasi éngoriilmiistiir.
Bunun yam sira, gelistirilen modeller CNN veya LSTM
yapisini kullanmaktadir. Ayrica, bu iki agin hibrit sekilde
tasarimiyla elde edilen model de egitilmistir. Temel
kiyaslamada ise belirlenen metrik, tahminleyicinin
tahmin ettigi degerler ile ger¢ek degerleri arasindaki
uzakligin bulunmasinda siklikla kullanilan, hatanin
biiyikligini 6lcen kuadratik bir metrik olan kok
ortalama kare hata (Root Mean Square Error, RMSE)'dir.
Temelde tahmin hatalarinin (kalintilarin)
sapmasina isaret etmektedir. Bunun disinda basarim
artirimini saglamak ve hesaplama maliyetini azaltmak
adina Egitimi Erken Durdurma (Early Stopping) ydntemi
kullanilmistir. Buna ek olarak Dropout islemi de bu
dogrultuda kullanilan bir diger yontemdir.

3.2. Deneysel Sonuglar

3.2.1. XGBoost yapisi

Bu yontem, 2015 yilinda Chen ve arkadaslari tarafindan
yapilan arastirmadaki (Chen ve ark., 2015) gradient
boosting algoritmasinin optimize edilmis bir versiyonu
olarak ifade edilebilir. Cok hizli olmasi ve yiksek
dogruluklu tahminlemelere olanak saglamasi nedeniyle

standart

¢ogu tahminleme probleminde ilk basvurulan
yontemlerden birisi olarak kabul edilebilmektedir. Bu
dogrultuda model, maksimum derinlik 180 olacak sekilde
egitilmistir. Bir adim sonraki verim tahminine ait RMSE
degeri 8,882 kg/dekar olarak elde edilmistir. Bu RMSE
degeri, tahminlemede kullanilan modeller arasinda
iiretilen en ytiksek deger olarak karsimiza ¢ikmaktadir.
3.2.2. Yalin LSTM modeli

LSTM aglar1 1997'de Hochreiter ve Schmidhuber
tarafindan ortaya atilan bir tekrarlayan sinir ag1
(Recurrent Neural Network, RNN) olarak tasarlanmistir
(Hochreiter ve Schmidhuber, 1997). LSTM’ler, uzun
vadeli bagimhilik sorununa engel olmak amaciyla
gelistirilmistir. Geleneksel RNN sinir aglarinin egitilmesi
yasanan sorunlar LSTM’de
LSTM, hafiza gecisli

sliresince tamamen

mekanizmasinin

giderilmistir.

LSTM

kernel {6x400)
recurrent_kernel {100x400)
bias (400)

InputLayer

7x24x6

TanH

Sekil 6. Yalin LSTM yapist.

varligindan dolayr uzun vadeli bagimhiliklar1 6grenebilir
olmasiyla zaman serisi ya da sirali problemlerde yaygin
bir bigimde kullanilmaktadir (Ahmadi ve ark., 2019).

Bu calismada kullanilan LSTM modeli incelendiginde,
oncelikle giris 6zniteliklerinin LSTM katmanina verildigi
soylenebilir. Daha sonra bu verilere diizlestirme katmani
uygulanarak elde edilen veriler tam baglantili katmana
verilmistir. Asir1 6grenmeden kag¢inmak i¢in Dropout
katmani eklenmistir. Son olarak verim tahminini ifade
ifade eden tek skaler deger icin tek norona sahip ¢ikis
katmani eklenmistir. Model ayrintilar1 Sekil 6’daki blok
diyagram ile gosterilmistir. Ayrica egitim sirasinda elde
edilen hata ve kayip degerlerindeki degisime ait grafik
Sekil 7’de verilmistir. Bu grafikte, validasyon verisindeki
hatanin genel anlamda egitim verisine ait hatadan daha
disiik seyrettigi gorilmektedir. Modelde herhangi bir
asir1 6grenme goriilmemekle birlikte, Sekil 7’den egitim
verisi lzerindeki kayip diisiisiiniin validasyon verisi
uzerindeki kayip diisiisiiyle paralel oldugu
gorilmektedir. Elde edilen RMSE skoru 4,384 kg/dekar
olarak hesaplanmistir.

3.2.3. Yi1gilmis LSTM modeli

Yi1g1lmis LSTM modelinde model, yalin LSTM’den farkh
olarak LSTM modiillerinin pespese kullanilmasiyla
olusturulmustur. Model yapisi Sekil 8, hata ve kayip
grafikleri Sekil 9'da verilmistir. Grafikler incelendiginde,
Y181lmis LSTM modeli i¢in de herhangi bir asir1 6grenme
durumunun s6z konusu olmadigl goriilebilmektedir.
Modelin dgrenmesi i¢in veri seti biiytkligiiniin yeterli
oldugu gozlemlenmistir. RMSE degeri ise 2,11 kg/dekar
olarak sonug¢lanmistir. RMSE degerine bakildiginda,
LSTM’de modiil sayisinin artirilmasi ile hata degerinin bir
onceki modele gore yar1 yariya diistiigl sdylenebilir.
3.2.4. CNN modeli

CNN modelinde, LSTM modelinde kullanilan ge¢mis 24
zaman verisi girdi olarak kullanilmistir. Model ayrintilari
Sekil 10 ile gosterilmistir. Giris verileri tek boyutlu
konvoliisyon katmanina verilmistir. Daha sonra LSTM
modellerinde de bulunan sirasiyla diizlestirme, tam
baglantili katman ve ¢ikis katmani ile model hazir hale
getirilmistir. Egitim sirasinda erken durdurma islemi
yapildigindan tiim epochlar gergeklestirilmeden egitim
tamamlanmistir. Egitime ait RMSE ve kayip grafikleri
Sekil 11 ile verilmistir. CNN modeline ait parametre
degisimleri incelendiginde, zaman zaman dogrulama hata
skoru egitim skorunun iizerinde dalgalanmalar gosterse
bile, bu durumdan asir1 6grenme meydana geldigi sonucu
cikarilamayacaktir. CNN modeli egitiminden sonra test
verisi lizerinde elde edilen RMSE degeri 1,657 kg/dekar
seviyesine gerilemistir.

Dense

kernel (2400x200)
bias (200}

RelU

Dense

kernel (200x1)
bias (1)

Dropout
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EQitim ve Dogrulama icin RMSE

RMSE

Epoch

Sekil 7. Yalin LSTM modeli egitim grafikleri (a) RMSE, (b) Kay1p.
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Sekil 8. Yigilmis LSTM model yapasi.
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Sekil 9. Yigilmis LSTM modeli egitim grafikleri (a) RMSE, (b) Kay1p.
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Sekil 10. CNN model yapisi.

ConviD

kernel {2x6x48)
bias (48}

RelU

—— RMSE Egitim

RMSE Dogrulama

LSTM

kernel (250x600)

bias {600}
TanH

~— RMSE Egitim
RMSE Dogrulama

50 60

recurrent kernel (1502600}

0.012

0.010

0.008

Kayip

0.006

0.004

0.002

0.000

Flatten

Flatten

Egitim ve Dogrulama igin Kayip

— Egitim Kayip
Dogrulama Kayip

Dense
Dense

kernel (3600<150}

bias (150 Diopout

RelU

Egitim ve Dogrulama icin Kayip

kernel (150x1)
bias (1)

— Egitim Kayip
Dogrulama Kayip

Epoch

Dense

kernel {1152x48)
bias (48)

RelLU

Dense

kernel {48x1}
bias (1)

50 60

BS] Eng Sci / Dogan YILDIZ ve ark.

123



Black Sea Journal of Engineering and Science

Egitim ve Dogrulama igin RMSE

—— RMSE Egjitim
RMSE Dogrulama

RMSE

Sekil 11. CNN modeli egitim grafikleri (a) RMSE, (b) Kay1p.

3.2.5. CNN-LSTM hibrit model

Calismada kullanilan son model, CNN modelindeki
konvoliisyon katmani ve LSTM katmaninin sirasiyla
kullanilarak hibrit edilmesiyle olusturulan CNN-LSTM
modelidir. Bu modelde, giris verileri konvoliisyon
katmanina verilmistir ve bu katmani LSTM katman takip
etmistir. Bu noktadan sonraki katmanlar CNN modeli ile
benzerlik gostermektedir. Katmanlara ait parametre
degerleri deneysel olarak secilmistir. Model ayrintilari
Sekil 12’deki blok diyagram ile verilmistir. Ayrica, RMSE
degerinin degisim grafigi ve model egitimi sirasindaki

LSTM

RelU

TanH

Sekil 12. CNN-LSTM modeli yapisi.

Egitim ve Dogrulama igin RMSE
— RMSE Egitim
RMSE Dogrulama

RMSE

M
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Sekil 13. CNN - LSTM modeli egitim grafikleri (a) RMSE, (b)

ConviD
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InputLayer . recurrent_kernel {100x400)
bias (100} .
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0.0200 Dogrulama Kayip
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00125

Kayip

0.0100

0.0075

0.0050

0.0025

0.0000

20 30

Epoch

50 &0

kayip degeri grafigi sirasiyla Sekil 13 (a) ve Sekil Sekil 13
(b) ile verilmistir. Grafikler incelendiginde, dogrulama
hatasinin ¢ogu zaman egitim hatasi ile paralellik
gosterdigi goriilmiistiir. CNN-LSTM modeli ile RMSE
degeri, diger modellerle kiyaslandiginda en diisiik
seviyeye gerilemistir. Modelin test verisi iizerindeki
RMSE degeri 1,321 kg/dekardir.

Son olarak tim modeller hata
karsilastirmalar1 Tablo 2 ile gdsterilmistir. Sonuglar
incelendiginde en az hata degerine CNN-LSTM Hibrit

modeli ile ulasildig1 gériilmektedir.

ve degerleri
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Tablo 2. Kullanilan biitiin modellerin RMSE performansi

Model Ad RMSE degeri (kg/dekar)
XGBoost yapisi 8,882

Yalin LSTM model 4,384

Yigilmis LSTM model 2,11

CNN model 1,657
CNN-LSTM hibrit model 1,321

4. Sonug¢

Mahsiil verim tahmin ¢alismalarinin énemi giin gectikge
artmaktadir. Bu durum, ilgili alanda ¢alisan Kkisilerin
karar verme siirecini etkileyebilmektedir. Boylece, verim
artimi icin gerekli 6n hazirliklarin saglikhh bir sekilde
yapilmasi saglanabilmektedir. Literatiir incelendiginde,
son zamanlarda veri tahmini amaciyla ML y6ntemlerine
bir egilimin oldugu goriilmektedir. Fakat findik irini
ozelinde yapilmis DL tabanli ¢alismaya rastlanmamistir.
Bu calismada ise, findik verim tahmini i¢in ML modeli, DL
tabanli yaklasimlar ve bunlara ait hibrit modeller
onerilmistir. Modele giris olarak findik tiretimi yapilan 5
il ve ilgelerinden elde edilen 6znitelikler kullanilmistir.
Bu oznitelikler, TUIK ve NASA Power platformu
tarafindan elde edilen sicaklik, bagil nem, yagis, riizgar
hizi, meyve veren yastaki aga¢ sayisi, alan vb. gibi 34
farkli veriden olusmaktadir. Model egitimi i¢in 6ncelikle
PCA analizi uygulanarak 34 o6znitelik 5 0Oznitelige
indirgenmistir. XGBoost yapisi, Yalin LSTM modeli,
Yigilmis LSTM modeli, CNN modeli ve CNN-LSTM hibrit
modeli olmak tizere 5 farkli model kullanilmistir. Bu
modeller egitildikten sonra test verisi lizerinde yapilan
tahminler incelenmistir. Model performans karsilagtirma
test Ulzerindeki RMSE degerleri
yapilmistir.  Karsilastirma sonuglar1 incelendiginde,
sirasiyla en iyi ve en kotii RMSE degerlerinin CNN-LSTM
hibrit modeli ve XGBoost modeli ile elde edildigi
gorilmektedir.

islemi, lizerinden

Katki Oran1 Beyani
Yazar(lar)in katki yilizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistur.

D.Y. GY. S.D.
K 30 30 40
T 25 50 25
Y 100
VTI 20 40 40
VAY 40 40 20
KT 60 20 20
YZ 60 20 20
KI 40 30 30
GR 100
PY 50 50
FA

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyam
Yazarlar bu ¢alismada higbir ¢ikar iligkisi olmadigini
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CINKO-TRIFLAT KATALIZORU KULLANILARAK FARKLI
SUBSTITUYE iZOKUMARIN TUREVLERININ SENTEZI

Nesimi ULUDAG1*

1Tekirdag Namik Kemal University, Faculty of Arts and Sciences, Department of Chemistry, 59030, Tekirdag, Tiirkiye

Ozet: Genis bir dogal bilesik sinifi olusturan kumarinler, 19. yiizyilldan giiniimiize degin oldukga ilgi ¢ceken ve ¢ok sayida pratik
uygulamaya sahip olan organik bilesiklerdir. Kumarin bilesikleri, endiistride ve bir¢ok ticari ilacin yapisinda bulunan heterosiklik
bilesikler olup, bu ¢alismada izokumarinlerin sentezleri i¢in farkli bir yéntem izlenerek metil 2-(feniletil) benzoat (1a-g) ve but-3-en-2-
one (2)'nin ¢inko-triflat-katalizli tandem reaksiyonlar1 gerc¢eklestirilmistir. S6z konusu yontemde, yiliksek verimli ve ¢evre dostu bir
reaksiyon oksijensiz ortamda gerceklestirilmis ve yeni bir katalizér kullanilarak hedeflenen izokumarin tiirevleri tek basamakta
sentezlenmistir. Diger taraftan, elektron cekici ve elektron verici yan gruplarin reaksiyon olusumuna ve verimine olan etkileri de
aragtirilmistir. Ozet olarak bu calismada, paladyum(I1)-katalizli yiiksek oranda regioselektif but-3-en-2-one ile cascada reaksiyonu ile
gelistirilmistir.

Anahtar kelimeler: izokumarin, Antimikrobiyal, Lakton, inhibitér, Biyolojik 6zellik, Cascada

Synthesis of Different Substituted Isocoumarin Derivatives Using Zinc Triflate Catalyst

Abstract: Coumarins, which constitute a large class of natural compounds, are organic compounds that have attracted interest since
the 19th century and have numerous practical applications. Coumarin compounds are heterocyclic compounds found in industry and
in the structure of many commercial drugs. In this study, zinc-triflate-catalyzed tandem reactions of methyl 2-(phenylethyl) benzoate
with but-3-en-2-one were applied for the synthesis of isocoumarins by a different method. The reaction was carried out under oxygen-
free conditions using a convenient and environmentally benign reaction method in high yields and synthesized the targeted
isoquamarine derivatives in a single step with the help of a novel catalyst. In addition, the effect of electron-withdrawing-electron-
donating side groups on the formation and percentage yield of the reaction was investigated in this study. In summary, in this study,
cascada reaction with palladium (II)-catalyzed highly regioselective but-3-en-2-one was developed.
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1. Giris

Fonksiyonel izokumarinler, énemli tibbi 6zellikleri ve
genis bir biyolojik aktivite yelpazesi sergilemeleri
nedeniyle, son yillarda organik ve
arastirmalarda yaygin olarak  kullanilmaktadirlar
(Yoshikawa ve ark. 1994; Engelmeier ve ark., 2004).
Bilindigi gibi, izokumarin tiirevleri kanser, yangi ve
mikrop onleyici ve kan basincini distiriicii etkiler de
dahil olmak iizere ¢ok c¢esitli biyolojik aktiviteler
sergilemektedirler (Whyte ve ark., 1996). izokumarinler,
kanser, yangi ve mikrop Onleyici ve benzeri aktiviteler

farmasotik

dahil olmak tizere bir dizi farmakolojik 6zellik sergileyen
dogal olarak olusan aromatik laktonlarin énemli bir
smifim  olustururlar (Pal ve ark, 2011). Ornegin,
NM-3, miyolem
hiicrelerinin mitotik fazlarin1 ve apoptozunu etkileyerek

izokumarin tiirevi olan insan
kanser onleyici ozellikler gostermis (Kawano ve ark,
2007; Suman ve ark., 2018) ve antioksidan etkilerine
olan ilginin devam etmesini saglamistir. Bu yararh

izokumarin sentezlerine ragmen, farmakolojik calismalar

icin C-4 pozisyonunda 3-oksoetil format iceren bir
izokumarin iskeletinin ve alt yapisinin dogrudan ingasi
icin yeni bir sentetik stratejinin arastirilmasi ayrica
6nemli bir yere sahiptir. Bilinen biyolojik 6neme sahip
olan izokumarin 6rnekleri Sekil 1’de verilmistir.

Son yillarda gecis metali katalizli konjuge yapilara
katilma  reaksiyonu,  stokiyometrik = miktarlarda
organometalik reaktiflere ihtiyagc duymama avantaji
nedeniyle, giderek daha fazla ilgi cekmektedir. Bunlar
arasinda paladyum en ¢ok kullanilan gecis metallerinden
biridir ve ¢ok sayida 6rnek yaygin olarak rapor edilmistir
(Nishikata ve ark., 2003; Lin ve ark., 2010; Custar ve ark.,
2010). Patir ve ark. (2009) ve Uludag ve ark. (2018)
izokumarinlerin farmasétik 6zelliklerinin daha 6nce
arastirlmamis  olmasindan  esinlenerek  bu tip

katalizérlerin  yeni  bir sentezde kullanilmasini

gerceklestirmislerdir. Biyolojik olarak aktif bilesiklerin
sentezlenmelerinin bir devami olarak izokumarin
tirevleri (3- 9)’'ne ulasmak icin alternatif ve farkh bir

strateji gelistirmesi dngorilmiistiir.
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OH

o OH
o
0 MeO OH
o
OH
MeO
Hydagenol fusarentin A
Sekil 1 Biyolojik 6neme sahip olan bazi izokumarinler.
(0]
R R
% 0 Cinko triflat, KI
—_—
+ X
\)K DMF
COzMe 0
(0]
1a) R = C¢H; 2 3) R=H

lb) R =pMeC6H4

lc) R= pMeOC6H4
ld) R :pN02C6H4

le) R :pC1C6H4

1f)) R =pBrC¢H,

1g) R = p(CH3),NC¢H,4

Sekil 2. Reaksiyonun sentez plani.

Ayrica, bu yeni yontemde paladyum (II) klorir ve
potasyum  iyodiir
izokumarin tiirevlerinin

kullanilarak
basariyla

katalizoér  olarak
sentezi
gerceklestirilmistir. Bu nedenle calismamizda, metil 2-
(feniletil)benzoat ve tiirevleri (1la-g) ile but-3-en-2-one
(2) reaksiyona sokulmus ve Sekil 2'de sentez plani
verilen olusan yedi izokumarin tiirevi cascada reaksiyonu
ile gerceklestirilmistir.

izokumarinlerin  cesitli goz
bulundurarak, bu tiir bilesiklerin alkenlerin ¢inko
katalizasyonu ile baslatilan ve konjuge enonlarin ilavesi
ile gerceklestirilen but-3-en-2-one cinko-triflat katalizli
siklizasyonu yoluyla elde edilip edilemeyecegi bu
calismada incelenmistir. Cinko triflat'in bir Lewis asidi
gibi davranmasi1 ve ciftli baga nikloeofilik saldiriy1
baslatmasi ile halkalastigi saptanmistir. Konjuge yapilar
olan o-alkinilbenzoat ve enonlarin tandem siklizasyonu

aktivitelerini onilinde

yoluyla ¢inko-triflat kompleksleri tarafindan katalize
edilen izokumarinlerin sentezi i¢in literatiirde sadece
birka¢ 6rnek bulunmaktadir (Zhao ve ark, 2012). Bu
calismada ise farkli bir katalizér kullanimi ydntemi
onerilmistir. Bu sentezin plani iki asamali olup, birinci
asamada metil 2-(feniletil)benzoat (1a-g) ile but-3-en-2-
one (2) reaksiyona
kondenzasyonu ile izokuamarin tiirevlerinin sentezi,
ikinci asamada ise sentezlenen bilesiklerin saflastirilmasi
ve spektroskopik analizleri gerceklestirilmistir. Sekil 2’de

sokularak hedeflenen cascada

4) R = pMeCH,

5) R = pMeOCgH,

6) R = pNO,CgH,

7) R = pCICH,

8) R = pBICH,

9) R =p(CH3),NC¢H,4

verilen sentez planina goére farkl yan grup bilesikleri i¢cin
farkli bir sentez plan1 uygulanmistir. S6z konusu sentez
planinda, ¢cok cesitli siibstitiiye izokumarin tiirevlerini
elde etmek icin izokumarin halkasinin bdlge-segici
olusumu ile ¢inko-triflat kullanilarak hedeflenen kumarin
tiirevlerinin sentezi gerceklestirilmistir (Sekil 2). Yan
gruplar olarak elektron c¢ekici veya elektron verici
gruplarin  reaksiyon lizerindeki, bagh
bulundugu halkaya olan indiiktif ve rezonans etkileri

olusumu

incelenmistir. Diger taraftan, bu yontem benzer diger
izokumarin tiirevlerinin sentezleri icin uygulanabilecek
sekilde genisletilebilir.

2. Materyal ve Yontem

2.1. Materyal

1H NMR (400 MHz) ve 13C NMR (100 MHz) spektrumlari
Bruker DPX-400 MHz Yiiksek Performansh Dijital FT-

NMR spektrometresinde CDCl3 icinde uluslararasi
standart olarak tetrametilsilan (TMS) ile 25 °C'de
kaydedilmistir. Sentezlenen bilesiklerin FT-IR

spektrumlari i¢in A Matson 10 0 0 FT-IR spektrometre
cihaz ile KBr pellet teknigi uygulanmistir. Tiim reaktifler
analitik sinifta Aldrich Chemical
alinmistir. Reaksiyonda kullanilan ¢éziiciiler uluslararasi
standartlara gore saflastirilmistir. Reaksiyonun kontroli
TLC (ince Tabaka Kromotografisi)
dogrulanmistir. Deney prosediirii asagida agiklanmistir.

firmasindan satin

analizi ile
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2.1. Bilesiklerin (3-9) Hazirlanmasi
Prosediir

Metil 2-(feniletil)benzoat (1a-g) (0,5 g 2,23 mmol) ve
(2,3 mmol) but-3-en-2-one (2) (0,15 g), cinko-triflat
(0,28 g) ve potasyum iyodiir (0,34 g) karisiminin her biri
DMF (15 ml) i¢inde 4 saat boyunca azot atmosferi altinda
refluks edildi. Sogutulduktan sonra karisim buz/su
karisimina eklendi. Elde edilen karisim etil asetat ile
ekstrakte edildi. Organik katman konsantre edildi ve
kolon kromotografisi ile saflastirild1 (etil asetat). Elde
edilen c¢ozelti vakumda konsantre edildi ve ¢oziici
uzaklastirilip kurutuldu ve sirasiyla 3, 4, 5, 6, 7, 8 ve 9
hedef bilesiklerini elde etmek tizere (etanol/DMF)'den
kristallendirildi.

2.2. 4-(3-oxobutyl)-3-phenyl-1H-izochromen-1-one
®)

Uriin kati olarak elde edildi, ylizde verim: %79, en. 102-
104 °C; IR (KBr): v 3057, 2971, 2924, 1727, 1701, 1638,
1600, 1486, 765, 710 cm-1; 1H NMR (400 MHz, CDCl3): §
8,39 (d, J=8,0 Hz, 1H), 7,82-7,78 (m, 1H), 7,58-7,44 (m,
7H), 3,01-2,97 (m, 2H), 2,73-2,69 (m, 2H), 2,12 (s, 3H);
13C NMR (100 MHz, CDCls): 6§ 206,9, 162,1, 152,1, 137,2,
134,9, 133,0, 130,2, 129,6, 1289, 1285, 128,1, 1229,
121,2,112,4, 43,3, 29,8, 20,6.

C19H1603. Hesaplanan: C, %78,03; H, %5,50. Bulunan: C,
%78,21; H, %5,38.

2.3. 4-(3-oxobutyl)-3-(p-tolyl)-1H-izochromen-1-one
o

Uriin kat1 olarak elde edildi, yiizde verim: %81, en.119-
120 °C; IR (KBr): v 3031, 2991, 2918, 1714, 1711, 1621,
1511, 1104, 763, 698 cm-1; 1H NMR (400 MHz, CDCl3): §
8,6-8,34 (m, 1H), 7,84-7,75 (m, 1H), 7,59-7,51 (m, 2H),
7,43 (d, J=8,2 Hz, 2H), 7,23 (d, J=8,2 Hz, 2H), 3,11-2,93
(m, 2H), 2,77-2,63 (m, 2H), 2,44 (s, 3H), 2,21 (s, 3H); 13C
NMR (100 MHz, CDCl3): 6 208,0, 163,2, 153,2, 138,7,
136,3, 1359, 131,1, 128,1, 128,3, 126,9, 123,8, 1221,
111,1, 44,3, 24,9, 20,4, 20,1. MS (m/z, EI): 306 (M*), 278,
249,221,178,119,91, 71, 65, 43 (100).

C20H1803. Hesaplanan: C, %78,40; H, %5,88. Bulunan: C,
%78,37; H, %6,10.

2.4. 3-(4-metoksifenil)-4-(3-oksobiitil)-1H-
izokromen-1-on (5)

Uriin kat1 olarak elde edildi, yiizde verim: %83, en.123-
125 °C; ; IR (KBr): v 3053, 2964, 2928, 2817, 1713, 1610,
1601, 1526, 1211, 1134, 1109, 846, 771, 688 cm1; 1H
NMR (400 MHz, CDCls): 6 8,34-8,31 (m, 1H), 7,79-7,71
(m, 1H), 7,61-7,58 (m, 2H), 7,43 (d, J=8,4 Hz, 2H), 7,21 (d,
J=8,4 Hz, 2H), 3,14-2,93 (m, 2H), 2,71-2,64 (m, 2H), 2,40
(s, 3H), 2,11 (s, 3H); 13C NMR (100 MHz, CDCls): 6 208,0,
1623,4, 161,5, 153,1, 138,4, 135,9, 133,4, 131,1, 126,8,
124,4,123,8,122,1,112,9,110,9,57,3, 44,3, 26,9, 21,7;
C20H1804. Hesaplanan: C, %74,52; H, %5,63. Bulunan: C,
%74,47; H, %5,69.

2.5. 3-(4-nitrophenyl)-4-(3-oxobutyl)-1H-isochromen
-1-one (6)

Uriin kat1 olarak elde edildi, ylzde verim: %67, en. 195-
196 °C; IR (KBr): v 3101, 3068, 2941, 1750, 1703, 1561,
1524, 1344, 771, 693 cm-1; 1H NMR (400 MHz, CDCl3): §

icin Genel

8,40 (dd, j=8,3, 1,1 Hz, 1H), 8,2 (d, J=8,5 Hz, 2H), 7,81-
7,79 (m, 1H), 7,76 (s, 1H), 7,71 (s, 1H), 7,68-7,62 (m, 2H),
3,12 (t, J=8,2 Hz, 2H), 2,73 (t, J=8,2 Hz, 2H), 2,13 (s, 3H);
13C NMR (100 MHz, CDCI3): 6 207,3, 164,4, 143,4, 142,1,
137,1, 136,3, 134,2, 131,4, 129,1, 127,9, 124,8, 1223,
120,4,111,2,44,1,32,0, 22,4

C19H15NOs. Hesaplanan: C, %57,65; H, %4,48. Bulunan: C,
%57,58; H, %4,41.

2.6. 3-(4-Klorofenil)-4-(3-oksobiitil)-1H-izokromen-
1-on (7)

Uriin kat1 olarak elde edildi, ylzde verim: %74 en. 141-
143 °C; IR (KBr): v 3111, 2958, 1713, 1642, 1413, 1088,
771, 691 cm-1; 1H NMR (400 MHz, CDCI3): 6 8,44-8.34
(m, 1H), 7,81-7,73 (m, 1H), 7,61-7,58 (m, 2H), 7,49-7,41
(m, 4H), 2,78 (t, J=8,1 Hz, 2H), 2,73 (t, J=8,6 Hz, 2H), 2,17
(s, 3H); 13C NMR (100 MHz, CDClz): 6 205,7,163,9, 151,8,
136,9, 134,9, 134,0, 133,4, 131,3, 129,2, 127,8, 127,3,
124,0,122,2,113,8,41,1, 28,9, 22,5.

C19H15Cl03. Hesaplanan: C, %69,84; H, %4,63. Bulunan: C,
%69,78; H, %4,57.

2.7. 3-(4-bromophenyl)-4-(3-oxobutyl)-1H-
izochromen-1-one (8)

Uriin kat1 olarak elde edildi, ylizde verim: %73, en. 147-
149 °C; IR (KBr): v 3071, 2962, 2919, 1717, 1634, 1487,
1366, 1094, 771, 697 cm-1; 1H NMR (400 MHz, CDCl3): &
8,39 (d, /=8,0 Hz, 1H), 7,81 (t, J=8,0 Hz, 1H), 7,62-7,56 (m,
4H), 7,41-7,39 (m, 2H), 2,98 (t, /=8,0 Hz, 2H), 2,71 (t
J=8,4 Hz, 2H), 2,14 (d, J=1,2 Hz, 3H); 13C NMR (100 MHz,
CDCIz): 6 206,6, 161,8, 150,9, 136,9, 135,0, 131,9, 131,8,
130,5, 130,2, 128,3, 124,0, 123,0, 121,3, 112,8, 43,1, 29,9,
20,5.

C19H15BrOs. Hesaplanan: C, %61,47; H, %5,88. Bulunan:
C, %61,59; H, %5,78.

2.8. 3-(4-(dimetilamino)fenil)-4-(3-oksobiitil)-1H-
izokromen-1-on (9)

Uriin kat1 olarak elde edildi, yizde verim: %92; en. 152-
153 0C; Ry (Etil asetat): 0,65. IR (KBr): 3111 (C-H), 3069
(C-H), 2918(C-H) , 1710 (C=0), 1703 (C=0), 1561 (C=C),
1348 (C-N), 1115 (C-0), 763, 697 cm-1; 1H (400 MHz,
CDCI3): 6 8,28 (d, /=8,1 Hz, 1H, Har), 7,81 (t, J=8,4 Hz, 1H,
Har), 7,63-7,56 (m, 2H, Har), 7,41 (t, J = 8,45Hz, 2H, Ha:),
6,83 (d, /=84 Hz, 2H, Has), 4,117 (q, /=7,3 Hz, 2H,
OCH2CH3), 3,14 and 3,11 (2s, 6H, N(CH3)2), 2,83-2,75 (m,
2H, CH2CH2), 2,28-2,19 (m, 2H, CH2CHz2), 1,14 (t, /=7,2 Hz,
3H, OCH2CH3); 13C NMR (100 MHz, CDCl3): § 209,1, 165,2,
154,7, 152,1, 1419, 141,2, 138,4, 137,7, 134,6, 129,3,
128,4, 124,0, 123,7, 121,4, 114,2, 112,6, 64,4, 41,6, 39,1,
34,3,21,3,18,3.

C21H21NOs. Hesaplanan: C, %75,20; H, %6,31; N, %4,18.
Bulunan: C, %75,14; H, %6,39; N, %3,24.

3. Bulgular ve Tartisma

izokumarin bilesiklerinin bir¢cok dogal iiriinde ve ilag
endistrisinde yaygin olarak kullanilmalari nedeniyle,
yeni bir halkalasma sentezinin arastirilmasi bu alanda
literatlire katki olarak sunulmustur. Literatiirde bir¢ok
izokumarin sentezi bulunmaktadir (Larock ve ark., 1999;
Zeni ve ark., 2004; Ueura ve ark.,, 2007; Ueura ve ark.,,
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2007; Shimizu ve ark., 2009; Zhao ve ark, 2012;
Chinnagolla ve ark, 2012; Ackermann ve ark, 2012;
Kavala ve ark., 2012; Guo ve ark., 2013). Cinko-triflat
cascada reaksiyonlari, modern organik sentezde degerli
araglar olarak ortaya ¢ikmistir (Uludag, 2022). Bunun
nedeni; yiiksek verimlilikle tek basamakli sentez
isleminde basit baslangi¢c malzemeleriyle iyi tanimlanmig
karmasik sentetik hedeflerin olusturulmasina yardimci
olmalaridir. Bu amagla literatiire farkli bir bakis agisi
kazandirmak ic¢in, izokumarin sentezindeki halkalagsma
reaksiyonunun olusmasi i¢in KI varliginda cinko-triflat
tuzlarinin katalizi ile (la-g) ve but-3-en-2-one (2)
reaksiyonlar gercgeklestirilip incelenmistir.

Bu c¢alismadaki ilk asamada, reaksiyonun optimize
edilmesi icin ilk denememizi metil 2-(feniletil)benzoate
(1a) ile but-3-en-2-one (2) tepkimeye sokularak
belirlenmis kosullarda s6z konusu déniisiimiin kapsami
arastirllmistir.  Deneysel gosterildigi gibi,
optimum kosullar ¢esitli but-3-en-2-one (2) i¢in basariyla
uygulanmis ve Kkarsilik gelen iirtinler ile miikemmel

boliimde

verimlerde olusturulmustur. Elektron ¢eken ve elektron
veren gruplara karsi reaksiyona etkisi arastirildiginda,
test edilen (1la-g), but-3-en-2-one (2) ve cinko-triflat
katalizoérii varliginda miikemmel verimlerde elektron
verici gruplarin reaksiyonu sonucu olusan {riinleri
(4,5,789) elde etmek icin sorunsuz bir sekilde
halkalasma tepkimesi ile hedeflenen bilesiklerin
sentezlendigi, ancak -NOz grubunun halkada elektron
cekici 0Ozelliginden dolay1 elektron vericilere gore
biraz daha disik oldugu
gozlemlenmistir. Ornegin, halo-siibstitiiye benzoatlar
prosesten iyi bir sekilde gecmis ve sirasiyla %74 ve %73
verimle istenen triinler olan 7 ve 8'e déniistiirilmiistiir.
flging bir sekilde, baska bir aril siibstitiiye amin de iyi bir
(%93)
dontstirilmistir.
Daha sonra, izokumarin sentezi i¢in metkosi (5) ve metil
(4) grubu iceren bilesikler elde edilmistir. Alkil
siibstitiiye ve metoksi siibstitiiye bu déniisiim i¢in uygun

reaksiyon  verimin

verimle beklenen  izokumarin  {Uriiniine

substratlar olarak bulunmus ve yiiksek verimlilikle (%81
ve %83) istenilen iirtinlere dontstiirilmislerdir. Diger
izokumarin verimleri i¢cin de elde edilen sonuglar
deneysel boliimde verilmistir. Bu ¢alismada, literatiirde
mevcut olmayan farkli bir ydontem kullanilarak ilk kez
izokumarin sentezlenmis ve daha sonra da farkl yan
gruplar (3-9) iceren izokumarin tiirevlerinin sentezleri
gerceklestirilmistir. Bu doniisimiin dikkate deger
ozellikleri arasinda kolayca bulunabilen malzemelerin
kullanimi, aktive edilmemis alkenler ve iyi fonksiyonel
grup toleransi s6z konusudur. Bu protokoliin dogal iirtin
sentezinde yer alabilecegi ve tibbi kimyada potansiyel
uygulamalarinin olabilecegi distinilmektedir.
Sentezlenen bilesiklerin olustugu 1H NMR, 13C NMR, IR ve
element analizleri ile kanitlanmistir.

4. Sonug¢
Ozet olarak bu calismada, paladyum(Il)-Kkatalizli yiiksek
oranda regioselektif but-3-en-2-one ile cascada

reaksiyonu gelistirilmistir. Bu metot ile yeni izokumarin
tirevleri (3-9) yeni bir yontem kullanilarak ilk kez
sentezlenip incelenmistir. Bu reaksiyonun en bilyiik
avantajl, iyi bir bolge seciciligine sahip olmasi ve sadece
¢ tdyeli halka bilesik olan laktonlarin sentezini
olusturmasidir. Bununla baglantili olarak izokumarin ve
tlirevlerinin tibbi 6nemleri nedeniyle, bu tiir uygulamalar
gelecekteki arastirmalarda kullanilabileceklerdir.

Katki Orani Beyam
Yazarin katki yiizdesi asagida verilmistir. Yazar makaleyi
incelemis ve onaylamistir.

N.U.
K 100
T 100
Y 100
VTI 100
VAY 100
KT 100
YZ 100
KI 100
GR 100
PY 100
FA 100

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alim1.

Catisma Beyani
Yazar bu ¢alismada higbir ¢ikar iliskisi olmadigin1 beyan
etmektedirler.
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Ozet: Gestalt teorisi, énce bir konunun biitiinliigiiniin anlasildigini ve sonra bilesenlerinin tanindigini savunur. Buradan yola ¢ikarak
boyle bir alginin gorsel ilkeleri ve kurallar1 tanimlanabilir. Bu kavramda, tarihi bahgeleri Gestalt teorisiyle analiz etmenin miimkiin
olup olmadig1 sorusu ortaya ¢ikmaktadir. Gestalt teorisinin ortaya ¢ikisindan itibaren ve yillar gegmesine ragmen, bu teorinin her
zaman kullanildig1 ve peyzaj mimarligi alaninda kullanilabilecegini gostermektedir. Bu mantig1 kanitlamak i¢in 6nce Gestalt teorisi ile
Tag Mahal érnegi iizerinden iran geleneksel dért bahge sistemi incelenmistir. Bu dogrultuda Gestalt teorisinin kavramlarinin
yardimyla, iran'in dért bahge peyzaj mimarhiginda bazi yénleri yeniden degerlendirilmistir. Yontem olarak Gestalt ilkelerinden
yakinlik, stireklilik, kapatma, benzerlik ve iyi form kavramlari ele alinarak belirtilmis Ta¢ Mahal bahgesinde incelenmistir. Ayrica
Gestalt teorisinin icerdigi 6zellikler, algisal bir etken olarak iran bahge tasarimini nasil etkiledigi ortaya cikarilmistir. Ta¢ Mahal
kompleksi biitiinden pargaya dogru her tasarim asamasinda var olan ¢evresi ile bir biitiinliik saglamistir. Bu bakimdan sekil ve zemin
iliskisi siislemelerden, yer dosemelerine kadar ayni kavramdan tasarlanip yapilmistir. Sonug¢ olarak bu ¢alismada Gestalt teorisiyle
peyzaj mimari iliskisi ele alinarak, Ta¢ Mahal yapisi lizerine incelemeler yapilmis, Gestalt kurgusunun bu tarz alanlarin tasariminda
etken bir kavram oldugu tartisiimistir.

Anahtar kelimeler: Alg), Gestalt teorisi, Peyzaj mimarhg, iran bahgesi

Analysis of Four Garden System Structures in the Context of Gestalt Principles (The Case of Taj Mahal)
Abstract: Gestalt theory argues that first the integrity of a subject is understood and then its components are recognized. From this
point of view, the visual principles and rules of such a perception can be defined. In this concept, the question arises whether it is
possible to analyze historical gardens with Gestalt theory. It shows that since the emergence of Gestalt theory and years have passed,
this theory has always been used and can be used in the field of landscape architecture. In order to prove this logic, first of all, the
Iranian traditional four garden systems were examined through the Gestalt theory and the Taj Mahal example. In this direction, with
the help of the concepts of Gestalt theory, some aspects of Iran's four gardens landscape architecture were reevaluated. As a method,
the concepts of proximity, continuity, closure, similarity and good form, which are among the Gestalt principles, were discussed and
examined in the Taj Mahal garden. In addition, the features of the Gestalt theory and how it affects the Iranian garden design as a
perceptual factor have been revealed. In this respect, the relationship between shape and ground is designed and made from the same
concept, from decorations to floor coverings. In conclusion, in this study, the relationship between Gestalt theory and landscape
architecture has been examined, the structure of the Taj Mahal has been examined, and it has been discussed that Gestalt fiction is an
effective concept in the design of such areas.
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1. Giris

insan cevresinden bilgi edinme siirecinde algilardan
etkilenmektedir. Algilama, bilis ve gercekligin bulustugu
noktadir. Algt hakkinda genellikle iki
bahsedilebilir. ilk teori, duyusal deneyimin algilanmasi,

teoriden

duyusal verilerin nasil saklandig1 ve beyindeki korunan
algilama birimleri ile ilgilenir ve ikincisi, aktif ve iligkili
sistemler olarak duyulara dayanir. Gestalt ilkeleri 20.
ylzyilin ortalarinda ortaya ¢ikan bir kavramdir. Almanca
sekil ve form anlamina gelen Gestalt, algisal érgiitleme ve
alg biitiinliigi kavramlarini agiklamaktadir. Ayrica kalip,
govde ve yapi, sekil veya desen olarak Ingilizceye

cevrilmistir. Gestalt okulu, deneysel ydnteme dayanan ilk
Alman psikoloji akimidir. Gestalt terimiyle bicimlerin
gorsel alg1 etkisi ve insan davranislariyla ilgisini
tanimlamak miimkiindiir (Bregman, 1994). Geleneksel
yapilarin toplumlarin ihtiyaglari ve yoresel sorunlari goz
bulundurarak, genelde gevre
davramislar1 ile tasarimsal ¢oziimler iretilmistir
(ismailoglu ve Kulak Torun, 2022).

oniinde insan ve

Gestalt psikolojisi bir nesnenin sekil ile baglami ayrica
algisal siireglerin arasindaki karsilikli iligkiyi vurgular.
Baska degisle Gestalt, zihinsel
bilesenlere veya zihinsel igeriklere bdlerek incelemeyi

algt ve siiregleri
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amaglayan bir tepkidir (Akkurt, 2019). Parcadan biitiine
veya tlimevarim yonteminde, genel gorintii detayli
bilgiler aracilifiyla alinir ve tiim mesaj bir dizi bilesen
olarak kabul edilir. Gestalt teorisinde 6nce bir konunun
biitiinii anlasilir (tlimdengelim) ve sonra bilesenleri
tanimlanir. Dolayisiyla bu yodniiyle Gestalt tiimevarim
yonteminin tam karsi
(Bradley, 2021).

Gestalt algi slirecine dayali olarak mimari ¢alismalarin ve
cevresindeki peyzajin oranlari
Aslinda sekil ve zemin iligkisi ve morfolojik tasarim akimi
bu dogrultuda ortaya ¢ikmistir. Mimaride o6zellikle
1990°lardan itibaren ¢agdas peyzaj ve gevre tasarim
akimlarinda, Gestalt kurgusunun etkin olmasi ve yapay
ya da dogal ortamlarin insasinda bicimsel semalarin
tiretimindeki yeri bakimindan énemlidir (Giinay, 2007).
Bu yaklasimlarin mimaride etkin kullanimi, éniimtizdeki
yillarda mimari ufuklarim1 ve bunlarin dogal cevre ile
olan iligkilerine yonelik algilar1 temelden degistirebilir
(Kulak Torun ve Ismailoglu, 2022). Ayrica bu mantigla

noktasinda yer almaktadir

analiz edilmektedir.

eski yapilar ele alinarak bu teorinin bir i¢sel algi oldugu
ve insan oglunun mekan tasarim anlayisinda 6nemli
etken oldugu anlasilmaktadir.

Bu arastirmada eski kavramlardan Iran geleneksel dért
bahg¢e mantigiyla tasarlanan Ta¢ Mahal mezar- bahgesini
baz alinmis ve Gestalt ilkeleriyle iliskisi incelenmistir. Tag
Mahal diinya harikalar listesinde yer almis, hem mimari
ve hem peyzaj tasarimi ile 6nemli bir degere sahip yap1
tiridir. Ayrica konum ve islevinden dolay1 6nemli bir
degere sahiptir. Bu sebepten dolay1 arastirmada bu tarz
eski yapilarin Gestalt teorisiyle ele alinmis, gorsel alg1 ve
biitlinciil davranislarla degerlendirilmistir. Bu
dogrultuda Gestalt ilkeleri tanimlanmis ve Ta¢ Mahal
bahcesi ve yapilarinda baglantisi incelenmistir.

2. Gestalt Alg1 Kurami

Almanca’da Gestalt, diisiince veya organizasyon anlamina
gelir. Ingilizce’de, bicim, yapi, sekil veya kahp olarak
cevrilmis ve deney yoOntemine dayanan ilk Alman
psikoloji ekolidiir. Max Wertheimer, Kurt Koffka ve
Wolfgang Kohler 1910’larin basinda Gestalt ekoliiniin
onctileridir (Henle, 1978). Bu filozoflar her psikolojik
olguyu bdliinmez bir biitiin olarak goriirler ve psikolojik
deneyimlerin duyusal unsurlardan kaynaklanmasina
ragmen, unsurlarin biitiinden farkli olduguna inaniyorlar.
Gestalt psikolojisini anlamak, Gestalt ve alan arasinda

adlandirilabilecek  temel  kavramlar1  anlamaktan
gecmektedir (Koffka, 1999). Bu yaklasimin temel
vurgusu,  psikolojik  gerceklerin  ilgisiz  statik

parcaciklardan olusmadigl ve bu nedenle ¢alismalarin
biitiincil bir yaklasim gerektirdigidir. Algilama, zihindeki
anlamh kavramlarla sirayla birbirine baglanan 6gelerin
orgiitlenmemis bir kombinasyonu degildir. Aksine, alg1
bir yapidan (configuration) veya bir Gestalttan olusan
tutarli bir biitiin olarak goriilmektedir (Ko¢ ve Bulut,
2014).

Gestalt psikologlar, cizgilerin, yiizeylerin, hacimlerin
veya kiitlelerin algilanmasinda dogrudan ve aracisiz bir

disavurumcu kimlik deneyimi oldugu hipotezini ileri
stirerler. Bu psikologlara gore, deneyimler zihinsel
iliskinin sonucu degil, biyolojik siire¢lerin sonucudur.
Algilamanin, sirayla
birbirine bagh unsurlarin organize olmayan bir bilesimi

zihinde anlamh kavramlarla
olmadigina, daha ziyade bir yapidan veya bir Gestalttan
algisi ifade

nesnelerinin  yan  yana

tutarll  bir biitiin
Gestalt,
yerlestirilme sekilini temsil emektedir. Gestalt maddi,
psikolojik veya kurumsal 6zelliklere sahip bir biitiindiir.
Gestalt teorisi, beynin algisal siireglerini inceler ve
biitiinciil zihnin pratik ilkesinin paralel oldugunu ve
dogas1 geregi kendi kendine
belirtmektedir (Dondero, 2020).

Bir kiime veya yapinin algilanmasinda, tek tek bilesenler
degil, tiim yap1 etkilidir. Gestalt teorisinin ana fikri, genel
motiflerin kendi kurucu unsurlarina goére 0Oncelik
kazanmas1 ve bu unsurlarin kendisinide var olmayan
ozelliklere sahip olmasidir. Bu konu, biitiiniin pargalarin
toplamindan daha fazlasini ifade etmesi ile 6zetlenebilir

olusan oldugunu

etmektedirler.

organize oldugunu

(Mungan, 2020). Genel olarak, Gestalt okulu, algisal
deneyimlerin diger  psikoloji
okullarindan daha fazla 6nem vermistir (Schulz, 1980).
Bu okulun teorisyenleri, gorsel kaliplarin anlaminin
gorsel algilanmasi ve insan organizmasinin gérme ve

sanatsal  yoOniine

gorsellestirmede nasil calistign  lizerine yaptiklar
arastirmalardan degerli sonuglar ¢ikarmislardir. Gestalt
teorisi, ¢evre tasarimcilarinin 6zellikle 20. yiizyilda
mimarlarin fikirleri lizerine de en biiylik etkiye sahip
olmustur. Bu teorinin deneyimsel gézlemleri, ¢evrenin
tasariminda, ¢evreyi diizenlemenin ¢esitli ydntemlerinde
ve mimarinin estetik ve mekansal birligi gibi durumlarda
hala yaygin olarak kullanilmaktadir. Son zamanlarda
Gestalt teorisi, etkilesim ve ekolojiye dayali teoriler
tarafindan sorgulanmaktadir. Gestalt gorsel organizasyon
ilkeleri, alginin temeli olamasa da ¢evreyi diizenlemenin
bir yolu olarak diisiiniilebilmektedir (Lang, 1998). Gestalt
teorisinin temelleri, birbirini tamamlayan alt1 temel
ilkeye dayanmaktadir. Bu ilkeler asagidaki gibi
siiflandirilmistir:

Yakinlik ilkesi, bu ilke birbirine yakin bulunan nesnelerin
birbirleriyle iliskili, yani bir gruba ait veya daha biiylik
bir bitinin parcalar1 olarak algilanacag:
aciklamaktadir. Ancak kismen goériinen gruplar ve

fikrini

bireysel nesneler arasindaki mesafe farkina baghdir.
nesneler arasindaki mesafe ne kadar kisa olursa, grup o
kadar kararli olur. Benzerlik ilkesi, insan zihni benzer
pargalar arasindaki iliskiyi bir biitlin i¢cinde gérme ve
onlar1 bir grup olarak algilama egilimindedir. Parcalar
renk, sekil veya boyuta gore gruplandirilabilmektedir.
Tamamlama ilkesi (Kapatma), biitiin bir kompozisyonda
birbirine gercekten bagli olmayan nesne gruplari
arasinda gorsel bir baglanti veya siireklilik algisi ile
ortaya c¢ikmaktadir. Bu ilke, gorsel bilgilerin bir kismi
eksik olsa bile tam
oldugumuzda kendini gostermektedir. Siireklilik ilkesi,
ayni1 yolu izleyen birimler birbirleriyle goreli olarak
algilanmaktadir. Belirli bir diizen ve stireklilik gerektiren

olarak gorme egiliminde
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O6grenme yasantilari, algidaki bitiinlik kavrami ile
siireklilik ilkesi baglantili oldugu i¢in daha kalic bir
sekilde algilanmaktadir. Sekil-zemin iligkisi, bu ilke,
izleyicinin neyin goriildiiglinii bilmesi i¢in goéziin figiirleri
arka planlarindan ayirma egilimini tanimlamaktadir.
Insanlar herhangi bir kompozisyona baktiginda ortaya
cikan ilk seyler sekildir. Iyi Gestalt ilkesi (prignanz ya
ozlilik), zihninin nesneleri karmasikhigi ve
alisimamighgl ortadan kaldiracak sekilde en basit
bicimde algilama egiliminde oldugunu belirten iyi gestalt
yasasidir. Bu ilke, 6zliliik kavramini vurgular ve ayni
zamanda prdgnanz yasasi olarak da bilinmektedir.
Prignanz, Almanca’da 6zliliikk anlamina gelen ve kisalik,

insan

ozliliik ve diizenlilik fikirlerini ifade eden bir terimdir.

Literatiirde Gestalt teori ve peyzaj mimarligiile ilgili bazi
arastirmalar Bu kapsamda Yilmaz ve
digerleri (2019) tarafindan yapilan arastirmada estetik
deneyimi ve peyzaj estetigi ile ilgili tasarimcinin nasil
yonlendirilecegi tartisilmistir. Mekanin 6lgiisii, formlari,
dokusu ve renginin gorsel kaliteyi etkiledigi belirtilmistir.
sekilde Turgut (2012) tarafindan yapilan
arastirmada su elemanlari, bitkisel tasarimlar, otopark ve
téren alanlar1 incelenmistir. Arastirma
kentsel alan ¢alismalarinda kentin bir biitiin olarak ele
alinmas1 gerektigi, standart bir formun yakalanmasi
estetik

yapilmistir.

Benzer

sonucunda

gerektigi, kullanicilarin algillarina  uygun

Tablo 1. Gestalt teorisinin gorsel kavramlar: (Griitter, 1987)

tasarimlarin 6nemli oldugu belirlenmistir. Cinar ve
Atakan (2007) Zen Bahgeleri (Ryoan-Ji 6rnegi) ile ilgili
yaptig1 arastirmada, Zen Bahcelerinin en Onemli
6gelerinin kum, kaya ve cakil oldugu, bu maddelerin ise
Gestalt teoriye gore yerlestirildigi, kayalarin dag ve
gokyiizi gibi cesitli unsurlar yansittigl, en énemli 6zellik
olarak ise kisinin kendini bulmasina katki sagladigi
belirlenmistir. Gestalt teorinin temel ilkeleri dikkate
alindiginda, form, tek diizeylik ve zemin iliskisi,
sanatg¢ilar ve mimarlar icin li¢c temel kavram olarak kabul
edilmektedir. Gestalt psikologlari, ¢cevrenin bilesenlerini
nasil alacaklar1 konusunda faydah bilgilere sahip
olduklari i¢in, ¢cevresel tasarim teorilerinde alti hususun
kullanildig1 form algisin1 etkileyen faktorleri formiile
etmiglerdir. Konformasyon stireci, ¢izgilerin birlesimi,
ylizeylerin ve nesnelerin dinamik bir kombinasyonudur.
Oyle ki hareket, canlilik, siireklilik ve agirhlik ve diger
fiziksel deneyimler algisal
karsilastirilabilmektedir. Bu ise sanat ve mimaride
Gestalt teorisinin temeli sayillmakta ve ozellikle Kiibist

konularla

sanatin normatif teorilerinde ve modern hareketin
mimarlarinda goriilmektedir (Jackson ve Lockhart,
2006). Temel Gestalt ilkerini benzerlik, bagimlilik ve
sekil-zemin iliskisi ve genel denklem oranina gore
asagidaki (Tablo 1) gibi ayrilmaktadir (Griitter, 1987).

Kavram Aciklama
iyi Form Iyi form ilkesi, insanin psikolojik organizasyonunun egiliminden ve miikemmellestirilmis bicimden
(Pragnanz) tiretilmistir. Eksik formlar veya bir formun parcalari, bilinen eksiklikleri uyarlayarak veya bilinen
formlara yaklasarak bicimsel eksiklerini tamamlamaya egilimindedir.
Vakinlik Mekan organizasyounun en basit halidir. Birbirine yakin nesneler gorsel olarak gruplanma
egilimindedir. Farkli konumlarda ve birbirlerinden uzak olsalar da bir grup olarak algilanmaktadir.
Benzerlik Sekil 6geleri, boyut, doku, renk vb. bakimindan esit niteliklere sahipse birbirine benzer unsurlar olarak
algilanmaktadir.
Bagimlilik Gorsel birimlerin bir biitiin olarak olustugunu gostermektedir. Bagka bir deyisle, kapali bir ytizey, agik
ylizeyden daha belirgin bir form olarak algilanmaktadir.
insan gdziiniin bir nesneyi izlemeye basladiginda, baska bir nesneye karsilasana kadar bu yénii takip
Siireklilik etmeye devam edecegini belirtir. Géz belirli bir yonde hareket ettiginde, dikkat cekici bir sey
gozlemleyene kadar hareketi o yonde tutacaktir.
Beynin potansiyel bir kalibin pargasi oldugu diisiiniilen eksik detaylar1 saglamasini veya bir kez
Kapatma kapanma saglandiginda, bir kalip eslesmesi olusturmak icin gereksiz detaylarin ortadan kaldirilmasini

icermektedir.

3. Materyal ve Yontem

Gestalt yeni kavram olmasina ragmen, ilkelerini
geleneksel mimari tasarimlarinda gérmek mumkindiir.
bahce Gestalt mantigl
kullanilmis ve bu dogrultuda analizler yapilmistir (Doraj
ve ark, 2022). Gestalt ilkeleri farkli yodntemlerle

tasarimlarda kullanilmakta, 6zellikle gliniimiiz morfolojik

fran dort tasarimlarinda

akimin  olusumunda  etken  fakorlar  arasinda
sayllmaktadir. Bu bakimdan Gestalt ilkelerinin,
geleneksel tasarim mantiginda da kullanildigr ve

giinlimiizde bunlarin analiz edilebilmesi mumkiindiir.
Gestalt mantig1 dogrultusunda Ta¢ Mahal mezar- bahgesi,

fran dért bahge tasarim kavramim tamimlayan, kendine
ait tarz ve uslup olusturmasi bakimindan arastirmanin
konusu olarak belirlenmistir. iran bahcelerinde ana bina
genellikle bahgenin ortasinda veya ana eksenin ug
noktasinda insa edilmektedir. Bahg¢enin 6nemli bir
kisminda meyve agaglari, merkezi alanda havuz ve onun
dort hizasinda su eksenleri, simetri ve dikdértgen bahge
ve alanlar bulunmaktadir. Bahge ortasinda ve alan
boyuca devam eden eksen, bah¢enin ana unsuru olup,
mekani islevsel hale getiren ve manzaray: bicimlendiren
bir 6zellige sahiptir. Gorme bakimindan yatay ve diisey
farkliliklarin bulunmasi1 mekandaki objelerin yakinlhig: ve
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uzakhgina iliskin algilan sekillendirmektedir. iran
bahgelerinde diger 6nemli unsur olarak su eksenleri,
glizelligin  yaninda  islevsellik
onemlidir.bah¢e suyunun temin edildgi kaynaklar ve
pmnarlar bulunmaktadir. Suyun miktar1 ve paylasimi,

bakimindan da

bahgelerde suyun olmasi, mekanin bdliinerek su
kanallariyla birbirine baglanmasi
ozelligini olusturmaktadir. Ayrica bahcede
kullanim1 da mekanda dengenin saglanmasi bakimindan
onemlidir. Bu simetri en iyi sekilde ana eksenlerde goze
carpmaktadir. Bu kapsamda agaglar, cigekler, kanallar ve
alanlarin simetrik ozelliginden s6z etmek miimkiindiir.
Bahgelerin 6nemli 6zelliklerinden biri de dékdoérgen
geometridir. Bu 06zellik agaclarla, basit bitkisel
materyallerle ya da akslar ile gerceklestirilmektedir
(Pouya ve Demirel, 2016).

Arastirmada Oncelikle, Gestalt teriminin kavramsal
cercevesi olusturulmus ve bu baglamda belirlenmis
alanda analizler yapilmistir. Geleneksel Iran peyzaj
mimarlift ve bahge tasarimi alaninda arastirmalar

bahgelerin ortak
simetri

olduk¢a smirhdir (Turgu, 2012; Hossein Eskandani ve
ark., 2022). Bu nedenle arastirmada Gestalt teorisi ile Tag
Mahal mezar-bahgesinin analiz edilmesi amaglanmistir.
Arastirma stireci, Gestalt teorisinin temellerini, gorsel
ilkelerini ve kurallarin1 anlamay1 ve sonra mimari ve
peyzaj iliskilerini kategorize etmeyi icermektedir. Ayrica,

Ta¢ Mahal mezar- bahgesindeki mimari eserlerinin
oranlar1 Gestalt ilkelerine gore degerlendirilmistir (Sekil
1). Bu kapsamda Ta¢ Mahal anit bahgesi ve bu bahgede
yer alan wunsurlar iyi form, yakinlik, benzerlik,
tamamlama ve streklilik o6zellikleri bakimindan
incelenmistir.

4. Tac¢ Mahal
Ozellikleri

Tag¢ Mahal doért bahge kavramu ile tasarlanan bir anitsal
mezar ve ¢evresidir. Bu mekan Cihan Sahin emriyle vefat
eden esinin anisina insa edilmistir (Tablo 2). Dért bahge

Anit-Bahgesinin  Genel

sistemi genel olarak yeryiiziindeki cenneti temsil
etmektedir (Begley, 1979). Ta¢ Mahal sahas1 300*590
metre karelik bir alanda ve Jumna nehri yakininda
yapimistir (Sekil 2). Bu tesis toplam ii¢ béliimden
olusmaktadir.

Birinci bolim nehrin kenarinda dikdortgen sekilde,
binalarin ve mezarin yer aldigi alandir. ikinci béliim,
kendi igcinde su yollar1 ile dort alana béliinmiistiir, bu
ozellik Iran bahgelerinde dért bahce niteligini
tasimaktadir. Uciincii  béliim  dikdértgen seklinde
alanlardir. Bu boliim de tam ortada birbiriyle kesisen iki
yol araciligr ile dort esit alana boliinmektedir (Hossein
Eskandani, 2020).

Sekil 1. Arastirmanin siireci.

Sekil 2. Ta¢ Mahal’in konumu (Google Maps).

Gegtalt alg Kurallar ve
teorisi ilkeler - - —
Aragtirmanin Gestalt ilkelerini peyzaj mimarlig | | Grafik modellerinin | | Sonu
sorunsall oranlariyla eslestirme agiklanmasi §
Peyzaj ve Gestalt terimiyle
mimarlik incelenmesi

Tablo 2. Ta¢ Mahal’in genel bakis ve konumu (Hossein
Eskandani, 2020)

Bahge Ad1 Tag¢ Mahal Anit-Bahgesi
Konumu Agra/Hindistan
Kurulus y1li 1631-1653

Alan 17 Ha

Peyzaj Mimar Usta Ahmet Lahuri
Tasarim Uslubu Dort Bahge

5. Ta¢ Mahal Bahgesinin Gestalt ilkelerine

Gore Degerlendirmesi

Ta¢ Mahal bahgesindeki Gestalt, teorik temelleri ve
belirttikten sekil-zemin iliskisi,
yakinlik, benzerlik, iyi form, kapatma ve siireklilik ilkeleri
yapt tasariminda incelenmistir (Sekil 3). Bahcgelerin

kurallarim sonra,

tasariminda ilk kavram olarak sekil-zemin iligkisi
goziikmektedir. Bahgelerin boliimleri sekil ve tiim alan
zemin olarak algilanmaktadir. Yakinlik ve benzerlik,
birbirine yakin veya benzer formdaki parsellerin bir grup
olarak algilanmasina neden olur ve bagimhhk kural,
yollarin kesismesi ve bahgeleri kare ve dikdortgen
(tanidik sekiller) seklinde gérmenin yarattign kesikleri
gormezden gelerek kendini gésterir (Tablo 3).
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Tablo 3. Ta¢ Mahallin bahcesinde Gestalt ilkelerin analizi

Gestalt I1keleri

Plan Uzerine Gorsel Analiz

Gestalt [1keleri

=

n

Sekil-Zemin iliskisi N

3 P
.
|
%
|
e € ey
- !
g
v
et 1

P bt [ i

; — e P
|

Her algida bir sekil ve zemin vardir.
Arka plani olusturan zeminde figiir

anlamhdir.
3 Tam diizenli geometri bir bigcime
—d by
) .| sahibtir. Genel formu dikdortgen ve

karelerden olusmustur. Zemin
dosemeleri karakteri ile orantisal

Sekil 3. Ta¢ Mahal’in kompleksi

bir bicim olusturmustur.

(https://www.smithsonianmag.com/travel /eight-
secrets-taj-mahal-180962168/).

Ta¢ Mahalde her alan dértgen
seklinde ayr1 bir bahge sayilir. Alani
dort kareye bolen su yollar1 tam
ortada kesismektedir, kesisme
noktasi ikinci bélimiin ortasinda
bir havuz olusturmaktadir.

Tiim yesil alanlar dort ve dortiin
oranlarina bagl pargalardir.
Birbirine dik olan eksenler, dortli
parseller olusumuna sebep
olmustur.

Bu eksenler dort bahge formunu
olusturmustur.

Iyi Form
Yakimlk ilkesi
rinlnnian
I r
Benzerlik ilkesi J. ""MI—'! 1l|—“—ll

memnmt

Parseller ve béliimler, gorsel bir
benzerlik saglamistir.
Tam simetri bicimler ve bolgeler
goziikmektedir.

Planlarin Gestalt kurallarina gore algilanmasinda insan
zihni, yollarin parsellerden geg¢isinin yarattigi kesikleri
tam, kare veya dikdortgen seklinde algilar (Pragnanz
ilkesi). Ayrica siireklilik kuralina goére insan gozi,
motifler  degismedigi ve herhangi bir engel
olusturulmadigy siirece gorsel bir yapida ogeleri takip
etme egilimindedir. Bir patika {zerindeki agaclar
bahgede bir eksen gibi uzanmaktadirlar (Sekil 4).
Asagadaki sekillerde Gestalt ilkeleri Tag Mahal mezar-
bahcesinde analiz yapilmistir (Tablo 4).

Dogu ve bat1 girisleri (Sekil 5) yiikseltilmis bir platform
ve teras lzerine insa edilmistir ve ag gecidinden
yuriirken her iki yaninda kii¢iik odalarla ¢evrilmis ve iki
tarafi giizelce siislenmis kapilar ve yesil cizgisel bahceler
yapimistir (Tablo 5).
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Tablo 4. Ta¢ Mahall’'in ana eksen tizerinde Gestalt ilkelerin analizi

Gestalt I1keleri

Bina Uzerine Gorsel Analiz

Aciklama

Benzerlik ilkesi

Agaclar diizenli ve miintazam bir sekilde
dizilmistir. Dogal bir nesnenin miintezem
olmas1 mekanda hiiziir ve siikiin hissini
saglamistir.

Sekil 4. Ta¢ Mahal'in ana ekseni

(http://www.tajmahal.gov.in/).

Tamamlama ilkesi I

I"Ilr

Siireklilik ilkesi

T

Diizenli dikilmis agaclar bir ¢izgini
yaratmaktadir. Art arda dizilen agaglar
I alana derinlik hissini vererek
tamamlayic1 unsur olmustur.

Agaclari takip ederek bir gorsel hareket

ve yonlendirmeye isaret etmektedir. Bu

durum mekanda biitiinliiliik ve devami
saglamaktadir.

Tablo 5. Tag Mahal’in dogu ve bat1 giris ekseninde Gestalt ilkelerin analizi

Gestalt [lkeleri

Bina Uzerine Gorsel Analiz

Gestalt {lkeleri

Yakinhk
[lkesi

s

Sekil 5. Ta¢ Mahalde d

dog

Benzerlik ilkesi

Siireklilik ilkesi

Birbirine yakin unsurlarin orantisal modul
olusturdugu ve benzer fonksiyon iistlendigi
tespit edilmistir.

Ogeler birbirine yaklastikca detaylarin
arttig1 ve gruplamalarin olusumuna sebep
oldugu goziikkmektedir.

u girisi
(http://www.tajmahal.gov.in/).

vt |
ﬁH\ HH‘H—I> I

Tekrarlanan ve birbirine benezer revaklar
benzerlik kavramini olusturmaktadir.

Yolun iki tarafinda olan sutunlar birbirine
benezer ve ayn1 mesafede olduklari i¢in bir
giicli eksen olusturmaktadir. Cizgileri
goriintiilerken insan goziiniin en diizglin
yolu izleyecegini saglamaktadir.

Diinyanin en iinlii binalarindan birinin bulundugu Tac
Mahal kompleksinin girisinde, Rauza,
(Mozolenin Kapisi) veya bilinen Biiyiik Kapi, kirmizi
kumtasindan yapilmistir (Sekil 6). Binanin koselerinde,

Darvaza-i

her biri beyaz mermer bir kubbeye sahip dort sekizgen
kule yer almaktadir. Bina doért riizgar yoniine agiktir

dolayisiyla kapali bir bina degil, daha ¢ok bir gegittir
(Ozler, 2021). Girisi tabandan cerceveleyen, iki yiiksek
slitun olan giildastalar arasindaki minyatiir on bir kubbe
(kubbeler), girisin tizerindeki 6zelliklerdir (Tablo 6).
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Tablo 6. Ta¢ Mahal’in ana girisinde (btiytk kap1) Gestalt ilkelerinin analizi

Gestalt [lkeleri

Bina Uzerine Gorsel Analiz

Gestalt [lkeleri

Benzerlik ilkesi

\ Basaaas —

sekil 6. Tac

- LS
Mahalde biiyiik kap1

Benzer nesneler algisal biitiinliik
kazanir ve benzerliklerine gore
gruplandirilir. Bu benzer gruplar
genelde mikro ve makro olgulari
belirler ve tasarimlarda modular
¢alismay1 olusturur.

(https://brunocerous.wordpress.com/2016/05/15 /the-

taj-mahals-great-gate).

Beyin, belirsiz sekilleri olabildigince
basit bir sekilde algilabilmektedir.

fyi Form .
(Pragnanz)
erSi l
— — —
Yakinlik flkesi !

Birbirine yakin nesneler ayni grup
icinde algilanir.Cephe ve tasarim
karakterini olusturur ve olgusal bir
deger olarak binanin okunusuna sebep
olur.

Acik havada tas minareli Tag Mahal binasinin dis tugla
duvarilar1 (Sekil 7) siislii heykeller ile antik hindistan
tapinak kompleksinin bir pargasi olmakla birlikte, ritmik
motiflerle ziyade
kavramini 6n plana ¢ikarmaktadir (Tablo 7).

Ta¢ Mahal anit-mezar binasinin ($ekil 8) tiirbesi tizerinde
bulunan mermer kubbesi en dikkat cekici 6zelligidir.
Yiiksekligi yaklasik 35 metre olan bina temeliyle ayni
boyuttadir. Yaklasik 7 metre yiiksekliginde silindirik bir
tambur iizerine oturdugu i¢in yiiksekligi vurgulanmistir
(Tablo 8). Kaide duvarlarinin kenarlarindan uzanan uzun
dekoratif kuleler (giildastalar), kubbe yiiksekliginin
gorsel olarak vurgulanmasini saglamaktadir (Beksag,
2010).

Ta¢ Mahal’'in odak noktasi beyaz mermer mezardir ve
temel yap1 biiylik, ¢cok odali bir yapidir (Sekil 9). Tam
simetrik olan bu alan altin oranla tasarlanmis ve
duvardaki stislemeler ve motifler bu orantinin bir pargasi
olarak ortaya ¢ikmistir (Tablo 9). Ayrica kraliyet mezar

duvardan siireklilik ve hareket

taglari, ylizeyleri meyve, cicek ve asma desenlerini
olusturan yar1 degerli taslarla ayrintili olarak islenen
girift bir sekilde oyulmus sekizgen mermer perde ile
cevrelenmistir (Volwahsen, 1994).

Eyvanli simetrik bir bina, kemer seklinde bir kapi, biiyiik
bir kubbe ile yapilmistir. Mezar kare bir kaide tlizerinde

durmaktadir ve taban esasen, her iki tarafta yaklasik 55
metre olan siislemelerle zengin olan bir kiip yaratmistir
(Sekil 10). Uzun kenarlarda, biyiik bir pistag veya
tonozlu kemer, yukarida benzer bir kemer seklinde
balkon ile eyvani ¢evrelemistir. Bu ana kemerler, entegre
bir cephe Kkullanillarak binanin g¢atisinin {izerine
uzatilmistir (Tablo 10). Ana kemerin her iki yaninda,
ustte ve altta ek pistaqlar istiflenmis ve bu y181lmis pistaq
motifi, siislii kdse alanlarinda tekrarlanmistir. Kaidenin
her kosesinde, slislemeyle zengin koselere bakan dort
minare, tiirbeyi cercevelemistir (Sultanzade, 2011).

Ta¢ Mahal mescidinin tavanm tonozlarla kapahdir ve
buradaki en gilizel mimari unsurdur. Kirmizi desenli
tavan tim motiflerin bir araya geldigiyle bir sarkitin
parildadign ve ya bir tir gilinesi
yansimasidir ve biitin dengeyi, tepeye odaklanan
geometrik desenlerle gostermistir (Sekil 11). i¢ duvarlar
yaklasik 25 metre yiiksekligindedir ve giines motifiyle
slislenmis ve bir i¢ kubbe ile ortiilmistir (Pirnia, 2013;
Doraj ve ark. 2022). Ta¢ Mahal kubbelerinin dekoratif
taglandirma ve motifler1 mistik mitolojilere gore sonsiiz
yasam veya sonsuzlugu temsil eden elemanlardir.
Genelde bu bir
tekrarlanmasiyle fraktal geometri olgusunun benzeridir
(Tablo 11).

olusturdugunun

elemanlar  simetrik desenin
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Tablo 7. Ta¢ Mahal kompleksinin dis duvarlarinda Gestalt ilkelerin analizi

Gestalt [lkeleri Bina Uzerine Gorsel Analiz Gestalt [lkeleri

Tasarimda figiirlerin veya
nesnelerin baglantisini
vurgulamaktadir.

Yakinhk Ilkesi Birbirine yakin unsurlar duragan
bir mekanda stirekliligin
saglanmasina sebep olmustur.
Sekil 7. Ta¢ Mahallin dis duvarlari
(https://artsandculture.google.com/entity /taj-
mahal/mO018cb?hl=en).
. Birbirine yakin olan unsurlar
Benzerlik e ;
ilkesi birbirine benzemesede bir grupa

aitmis gibi goriilmektedir.

Ayni modulun devemi orantisal
fyi Form dortgenlerin yanyana gelmesini
(Pragnanz) saglamis ve biitlinciil bir form

sunmustur.

G0z, bu seklin iki ucundan merkeze
giden diiz ¢izgiyi, takip etme
egilimindedir. Aym ¢izgilerin
devam ile ritmik ve geometri

olusumuna sebep vermis ve bu
bigimler binanmn farkh yerlerinde
ayni sekilde goziikmektedir.

Siireklilik Ilkesi

Tablo 8. Ta¢ Mahal anit mezar binasinin Gestalt ilkelerine gore analizi

Gestalt I1keleri Bina Uzerine Gérsel Analiz Gestalt Ilkeleri

Nesneler hizalanmissa, bir grup olarak
algilandiklarini ve algisal bir biitiinle
biitiinlestigini belirtmektedir.

Siireklilik lkesi Stireklilik, yapinin biitiincil bir unsur

oldugunu ortaya cikarir ve egemen
elemanin bu biitiiniin bir pargas1 olmasini

Sekil 8. Tag Mahal anit-mezari saglamaktadir.
(http://www.tajmahal.gov.in/).
. Birbirine yakin olan nesnelerin bir grup
Yakmlik ilkesi olarak algilanmaktadir. Bu ilke, tasarimda
figlirlerin veya nesnelerin baglantiliigin
. . vurgulamak i¢in kullanmaktadir.

Ogeler, miimkiin oldugunca basit, dengeli,

birlesik, tutarli, diizenli anlamina gelen iyi

Gestalt olan bir kalibin pargalariyla birlikte
gruplandirilmistir.

fyi Form- A AA
o | |ninI |
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Tablo 9. Ta¢ Mahal mezar binasinda i¢ mekaninin Gestalt ilkelerine gore analizi
Gestalt {lkeleri

Bina Uzerine Gérsel Analiz

=

Gestalt Ilkeleri

ik Buradaki kavisli cerceve tiimii esit
| likl boyuttadir, k
Benzerlik = arali \ 1ve 'aynl oyutta .1r. anca
ilkesi i yerlesimlerinde herhangi bir sebep
- olmamasina ragmen bunlari genel
o — b = olarak sekillerine gore
; landirilmistir.
Sekil 9. Ta¢ Mahal mezar binasinin i¢ mekani gruplandiriimisir
(https://www.smithsonianmag.com/travel/eight-
secrets-taj-mahal-180962168/).
¢ mekandaki orantisal dolu ve bosluklar
genel anlamda dengeli bir dértgen
Iyi Form-
(Pragnanz)

olusturmustur.
D1s mekandaki tasarim kurgusunu

devamini i¢ mekana yansitmis ve genel

form karakterlerinin devamini
saglamistir.
Tablo 10. Ta¢ Mahal mezar binasinin kubbesinde Gestalt ilkelerin analizi
Gestalt Ilkeleri Bina Uzerine Gorsel Analiz Gestalt {lkeleri

Kapatma ilkesi, biitiinii hatirlatan bir
pargacig birbirine baglama egilimini
. t lamaktadir.
Kapatma Ilkesi . amm. aITla . ? r .
Tiim nesneleri birbirine baglayan
unsur mekanda siireklilik ve

biitiinligi saglamaktadir.

Sekil 10. Tag Mahal mezar binasinin kubbesi
(www.bizevdeyokuz.com/en/story-of-the-taj-
mahal/)

Cami binasinda olan kavisler bir grup
halinde ve cami binasinda olmayan
kavisler ise bagka bir grup olarak
okunmaktadir.
Birbirine yakin olan unsurlar birbirine
benzemese de bir gruba aitmis gibi
gorilmektedir.

Benzerlik ilkesi

Kubbede dogru diizenli ve hierarsi bir
fyi Form denge goziikmektedir. Isik alan
(Pragnanz) mekanlar ve sagar alanlar ayni oranla

tasarlanmistir.
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Tablo 11. Ta¢ Mahal mescidinin kiinbedinde Gestalta analizi

Gestalt [lkeleri Bina Uzerine Gorsel Analiz Gestalt Ilkeleri

Benzerlik ilkesi

* )

Y

Sekil 11. Tag Mahal mescidinin kubbesi

Birbirlerine yakinliklarindan bagimsiz
bir sekilde gorsel olarak
gruplandirilmistir. Benzerlik bir
tasarimda yan yana olmayabilecek
0geleri birbirine baglamak icin
kullanilabilmektir.

(https://www.smithsonianmag.com/travel/ei
ght-secrets-taj-mahal-180962168/)

vJg e

] &

Kapatma [lkesi

Arada bosluklar bulunan
tamamlanmamus figtirler, tam figiir
goriilmese bile tamamlanir ve bir biitiin
olarak algilanmaktadir. Bazi boliimleri
kaldirilmis olan bir dairenin sadece
anahatti olmasi sebep ile nesne bir tam
daire olarak tanimlanmaktadir.

6. Sonu¢

Gestalt teorisi c¢agdas donemin kavramlarindan biri
olmasina ragmen psikolojik ve algisal davranislara bagh
olmasi nedeniyle uzun zamandan beri insan hayatinin bir
pargasidir. Bu dogrultuda eski caglardan giiniimiize
yansimasini mimari yapilarda gérmek miimkiindiir. Bu
arastirmada Gestalt kavramimi ele alarak iran bahge
tasarimindaki etkileri degerlendirilmistir. ilk asamada
Gestalt teriminin kapsami ve analiz yapilan unsurlar,
cesitli diislinilirlerin arastirmalari sunucu kisitlanmis ve
onemli faktorler alti baghk altinda analiz edilmistir.
Sonug olarak elde edilen bulgular ve Gestalt teriminin
etkisi doért bahge tasarimi genelinde ve Ta¢ Mahal
ozelinde smiflandirilmistir.

Gestalt teorisi ve peyzaj mimarhig ile ilgili yapilan
arastirmalar incendiginde Yimaz ve digerleri (2019),
tarafindan yapilan arastirmada estetik deneyimi ve
peyzaj estetigi ile ilgili tasarimcinin
incelenmistir. Turgut (2012), tarafindan yapilan
arastirmada su elemanlari, bitkisel tasarimlar, otopark ve
toren alanlar1 incelenmis, kentsel alan ¢alismalarinda
kentin bir biitlin olarak ele alinmasi gerektigi,
belirtilmistir. Cinar ve Atakan (2007), Zen Bahceleri
(Ryoan-Ji 6rnegi) ile ilgili yaptiklar1 arastirmada, Zen
bahgelerinin en 6nemli 6gelerinin kum, kaya ve c¢akil
oldugu ve bu maddelerin ise Gestalt kavramina gore
yerlestirildigi belirlenmistir.
Arastirmada Ta¢ Mahal
bahgelerinin Gestalt ilkeleri bakimindan incelenmesi ile
asagidaki sonuglara ulasilmistir;

durumu

érnegi lizerinden Iran

o Gestalt teorisinin icerdigi 6zellikler, algisal bir etken
olarak dort bahge tasarimini etkilemis ve bu tip
bahgelerde Gestalt ilkelerin etkisi ortaya ¢cikmistir.

e DoOrt bahge tasarim mantifinda, genellikle
sistematik bir geometriden hareket ederek
benzerlik ve siireklilik ilkesine odaklanarak

tasarimlar gelistirildigi sdylenebilir.

Tam diizenli geometriye sahip Ta¢ Mahal, ister
mekansal veya peyzaj tasariminda iyi form ilkesini
bigimlerin veya bahgelerin
pargalanmasinda kullanmistir.

olusumunda

Ta¢ Mahal binasi biitiinden pargaya, tasarimin
asamalarinda var olan cevresi ile bir biitiinliik
icerisinde tasarlanmistir. Bu bakimdan sekil ve
zemin iliskisi siislemelerden, yer diisemesine kadar
ayni1 kavramdan tasarlanip yapilmistir.

Mimar, peyzaj ve binay: bir biitiin olarak ele almis,
diizen, ritim, simetri, tekrar, miikemmel diizen,
denge ve oran ilkelerini tasarimina yansitmistir. Bu
sebepten insanlarin algisal davraniglarini diisiinerek
hareket etmis ve
degerlendirmistir.
Ta¢ Mahal ic tasariminda Kkapatma,
siireklilik ve benzerlik ilkesini vurgulamakta iken

Gestaltin biitiin ilkelerini

binasinin

dis alanda benzerlik, stireklilik ve

ilkelerinden faydalanilmistir.

yakinlik

Eski binalar 6zellikle Iran bahgelerinde tasarim,
insanlarin davranis ve yasam tarzlarine bagh bu
yapilarda psikolojisi ve zihinsel algi mekanizmasi
kullanilmistir.

Giiniimiiz Gestalt ilkleri ile eski binalarin analizi ve
okunusu miimkiin kihnmistir.
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Katki Orani1 Beyam
Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

U.A. P.D.
K 50 50
T 30 70
Y 80 20
VTI 50 50
VAY 40 60
KT 70 30
YZ 60 40
KI 50 50
GR 60 40
PY 30 70
FA 50 50

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= kritik inceleme, GR= goénderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyani
Yazarlar bu ¢alismada higbir ¢ikar iligskisi olmadigini
beyan etmektedirler.
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Abstract: High-quality alumina raw materials allow corundum-based brick and monolithics to perform to the full potential of alumina
as a refractory material. Dense packing of the matrix to a submicron range and reduction of water demand of castables can be
facilitated by a new family of multimodal reactive alumina. Dispersing aluminas ensure uniform mixing of dispersion and setting
adjustment additives. In this study, fine reactive alumina powder production was investigated using Bayer gibbsite as a starting
material. Experimental studies consist of two steps; in the first step, the soda content was reduced by means of boric acid and distilled
water and then the powders obtained optimum conditions were ground in an attritor ball mill using distilled water for 8 hours. In the
second step, physical characteristics such as rheological behaviours, bulk density, open porosity and thermal shock resistance, bending
and compressive strength and fracture toughness in accordance with ASTM E399 standard were determined. Finally, Kic values of the
refractory samples which were prepared with the reactive alumina produced from Seydisehir gibbsite were higher than that of the
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1. Introduction

Castable refractories are classified as conventional
castables (CCs) (Ca0>2.5%), low cement castables (LCCs)
(2.5%>Ca0>1.0%), ultra-low cement castables (ULCCs)
(1.0%>Ca0>0.2%) and cement free castables (CFCs)
(Ca0<0.2%) according to their lime content by The
American Society for Testing Materials (ASTM). In recent
years, traditional high cement castable refractories have
been replaced by low cement and ultra-low cement
castable refractories. Nevertheless, several placement
issues that arose during application led to modifications
in the rheology of LCCs and ULCCs systems as well as the
development of self-flowing castable (SFC) materials.
After mixed, these can be applied without the necessity of
external energy (Lee et al. 2001). Meanwhile, in LCCs and
ULCCs refractory mixtures, besides a binder such as
calcium aluminate cement, refractory aggregates such as
tabular alumina, alumina spinel, fine-grained matrix
components such as calcined alumina, reactive alumina
or microsilica, and dispersing materials contribute to the
development of high performance (Buhr and Laurich
2000; Lee et al. 2001). Moreover, alumina is a significant
refractory material with exceptional high temperature
resistance, thermal shock resistance, and corrosion

resistance. It can be used as a furnace lining in a variety
of sectors, glass,
petrochemicals, iron and steel, and glass and ceramics
(Lee et al. 2001; Madono 1999). Alumina has various
polymorphs such as a, y, 6, x, and n, of which the most
thermodynamically stable phase is a-alumina, known as
corundum (Lee et al. 2013; Zhu et al. 2020). a-alumina is
frequently used in industrial ceramics, as well as in high
strength materials, sapphire crystal growth (Akselrod
and Bruni 2012), electronics and semiconductors (Fu et
al. 2012). Because of this versatility, a-alumina synthesis
is of great interest. Traditionally, a-alumina is obtained
by the Bayer process and its conversion is completed
between 1000-1400 °C (Chang et al. 2009; Xie et al.
2003). The hydrate (gibbsite) produced in the raw
material calcined by the Bayer process contains 0.5%
Naz0O, which is retained in the gibbsite structure. The
soda content, which reduce the green density, can be
removed by hydrate precipitation, water or acid leaching,
or reaction by adding volatile chemicals such as boric
acid. Also the use of alumina in this industry has been
severely constrained because of the detrimental impact
that these minute but significant levels of soda have on
the refractory materials made from it (Giirel and Altun
2009; Lee etal. 2013).

including  cement, ceramics,
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The performance of castable refractories depends not
only on their refractoriness, but also on their physical
properties such as density, porosity and durability.
Physical properties play a critical role in the desired
amount of water in castable mixes. 1% increase in water
content causes an increase in apparent porosity of dried
and fired refractory by 3% and severely reduces slag
strength (Buhr and Laurich 2000).

Additionally, in order to fully utilize the optimized
particle size distribution, achieve the lowest water
consumption, and provide the appropriate rheological
behaviour, all matrix components must be evenly
dispersed while mixing with water in low cement
castables. Phosphates, such as sodium-tripolyphosphate
(STPP), sodium-hexametaphosphate (SHMP), and
combinations of them, are conventional dispersion
agents. The most
dispersing additives are dispersing aluminas. They
combine enhanced dispersion activity with the ability to
direct castables' setting behaviour to satisfy specific
needs. It is advised that the castable have a total of 1% by
weight of dispersing aluminas. Dispersing aluminas have
a number of benefits over conventional phosphate-based
deflocculating systems, including: (i) Higher mechanical
strength and abrasion resistance due to a lower water

recent generation of effective

demand, (ii) Controlling working time has almost no
effect on the initiation of setting (iii) Castables have a
longer shelf life due to their resistance to aging (Schnabel
etal. 2014).

The aim of this study is to produce reactive alumina from
Seydisehir gibbsite, to use this reactive alumina in SFC
refractories, characterization and to compare it’s fracture
toughness with the refractory mixture containing
commercial reactive alumina obtained from a refractory
brick company. Thus, the usability of reactive alumina
obtained from domestic sources in castable refractory
products is evaluated in detail.

2. Materials and Methods

2.1. Production of Reactive Alumina

Gibbsite [AlI(OH)3], a commercially available powder used
in this work, was produced by the Seydisehir Aluminum
Company (Tiirkiye). The chemical composition of this
gibbsite is as listed in Table 1. Additionally, boric acid
(Etibor, 56.3% B203) was used to remove Naz0. Gibbsite,
1.5 % by weight boric acid and distilled water were
mixed until homogeneous, then dried at 100°C and
sieved through a 1mm sieve. It was then calcined for 1
hour at 1250 °C with a heating rate of 25 °C/min. The
calcined powders were ground for 8 hours in an attritor
mill with 3mm alumina balls. Reactive alumina was
obtained after milling, following another wash with
distilled water and drying. Shimadzu brand 6000 model
XRD device and scanning electron microscope (JEOL
6360 LV model, SEM) were used to characterize the
obtained powders.

2.2. Optimization of SFC Binder Matrix System

ADS-1 and FS10, which has retarding qualities, provided

by the Almatis and BASF firm respectively, were chosen
as dispersants. ADS-1 contains 80% Al203, 0.10% Na:zO,
0.80% B:03 and 1.80% CaO. FS 10 is a polymeric
dispersant for improved refractory used. Both
recommended for microsilica-free refractory materials
containing CAC. Additionally, ADW-1 (80% Al203, 0.10%
Naz0, 0.03% B203 and 1.80% Ca0), which has
accelerating properties from Almatis firm was added
after selecting the appropriate dispersant. During this
experiment, the self-flow values for each castable
composition were measured using the ASTM C 1446-99
standard. Accordingly, the secondary diameter was
measured after one minute after the composition was
cast into a conventional cone with an upper and lower
diameter of 100 mm and 70 mm, respectively. For
dispersant-free and added dispersants compositions, the
following equation 1 was used to measure the self-flow
value (SFV):

Self flow value (%) = (dzd;dl)xwo 1

where

d2= the secondary average diameter after removal of
cone

d1= the initial diameter (100mm)

Table 1. The chemical composition of Seydisehir gibbsite

Product Seydisehir Gibbsite*
Chemical composition (%) Typical
Al203 65.10
Naz0 0.325
Fe203 0.011
Si02 0.015
Particle size <40um

*Seydisehir Aluminum Company

2.3. Preparation of SFC Refractories Mix and Samples
The reactive alumina produced was added at a rate of 5
wt. % and 3wt. % dispersant to the high alumina, low
cement castable refractory mix not containing reactive
alumina, which was supplied from a commercial
company. The refractory batches were then shaped using
the slip casting technique in accordance with ASTM
C862-02, after being mechanically mixed for 8 minutes
with the addition of 5.5 weight percent water. The
samples waited 24 h at about 20 °C, demolded and then
air dried 24 hours at ambient temperature. The initial
heating velocity was 10 °C/hour up to 110°C followed by
180 °C/hour up to 1000°C and 300°C/hour to the
sintering temperature (1500°C). Soaking time was 5
hours. Two kinds (with reactive alumina produced and
commercial reactive alumina) of refractory castables
were then combined to create batches of SFC refractory
to test the fracture toughness (Kic). The samples were
formed in accordance with ASTM E399 requirements by
casting in molds that contain razor blades on half-
heights.
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2.4. Characterization of SFC Samples

Several tests were performed on the samples that were
obtained after drying and sintering. The samples were
boiled in water for 4 hours in accordance with ASTM
C20-00 before being kept in water for 12 hours to
calculate water absorption, apparent porosity, and bulk
density values using the Archimedes’ method. In
accordance with ASTM C133-97, cold modulus of rupture
(3-point bending strength) at room temperature and cold
compression strength tests with a loading speed of
12MPa/min were performed in a Shimadzu Universal
Tester on prismatic specimens of 25x25x152 mm with
and without water absorption test. Fracture toughness
was measured in accordance with the ASTM E399
standard using a Shimadzu Autograpth AG-IS model
100kN mechanical test instrument at a loading speed of
0.05mm/min, and the results were compared. The
fracture toughness was calculated based on the following
equation 2:

_RL
4

K ===
tvb 2)

Q

where Pq is the load applied to the notched bar, L is the
span, | is the depth of the notch, t is the thickness of the
specimen, b is the width of the specimen ([0.45.b <[ <
0.55.b]; [L=4.b]; [t=b/2]) and Y4 is the geometric function
of the ratio I/b for the three-point flexure and can be
expressed by the following equation 3 (ASTM E399):

2
Y, =3,494.1- 3,396.(lj+ 5,839.['—]
b b

3. Results and Discussion

3.1. Production of Reactive Alumina

Figure 1(a) shows the XRD pattern of the manufactured
reactive alumina. With the addition of 1.5 wt. % boric
acid, it is observed that about all of the Seydisehir
gibbsite is transformed to alpha alumina (a-Al203).
However, a trace of aluminum borate [Al20B403¢ (PDF
802301)] was discovered. Giirel et al., (Giirel and Altun
2009) reported that gibbsite was completely converted
to a-alumina at 1250 °C with the addition of 2 wt. % of
H3BOs3. However, the addition of 2 wt. % boric acid for
Naz0 removal may be high and it has been suggested that
it may cause more aluminum borate formation. SEM

(3)

image of the reactive alumina produced was given in Fig
1(b) In accordance with the image, the particle size of the
obtained powder is approximately minus 1pm.

3.2. Optimization of SFC Binder Matrix with Self Flow
Values of the Compositions

One of the most crucial factors in determining how well
self-flowing castables perform is self-flowing value. The
effect of dispersant addition on the self-flowing values of
the high alumina, low cement castable refractory mix
with reactive alumina produced is shown in Figure 2. It
can be seen the self-flow value increased in the

dispersant added batch. Dispersing aluminas exhibit
strong attraction forces due to their high specific surface
area. Previous findings indicate that the self-flowing
values of the self-flow castable composition are between
80 and 110% (Otroj et al. 2010; Silva et al. 2012). As seen
in Figure 2, among the values calculated according to
equation 1, the batch of dispersant-free (0%) showed
only 70% flow value. After adding 1% FS10 dispersant,
the flow was calculated as 90%. The best flow amount
was obtained from ADS1 dispersant as 110% with 1%
dispersant. After selecting ADS1 as the appropriate
dispersant, ADW1 dispersant was also added to
accelerate drying.

I °
a °

e Alpha Alumina
® AlyB,Os

Intensity

Figure 1. (a) XRD pattern (b) SEM micrograph of reactive
alumina.

—o— ADS1
1104 —m—FS10
100 4

=

< 90

(TN

w
804
704

0 1 2

Additive content (%)

Figure 2. Self flow values as a function of dispersant
content.
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3.3. Water Absorption Tests

Figure 3(a) and 3(b) show the heat treated and tested
samples. Figure 4(a) shows the of the
temperature-dependent water absorption test. As a
result, the sample sintered at 1000°C exhibited the
maximum water absorption rate.

results

Figure 3. Photograph of (a) dried samples at 110°C (b)
sintered samples at 1000°C and 1500°C.

The condensation behaviour of castable refractories as a
function of temperature is shown in Figure 4(b).
Hereunder, the bulk density of SFC refractory dried at
110 °C was 3.41g/cm3, and it decreased to 3.21g/cm3 in
the sample sintered at 1000°C. After the refractory
sample was sintered at 1500°C for 5 hours, the bulk
density was calculated as 3.25g/cm3, and a slight
increase was observed as a result. During the heat
treatment of SFC refractories, porosity develops due to
the internal evaporation of water, resulting in a drop in
bulk density and an increase in apparent porosity (19.46
%) compared to the sample dried at 110°C following
sintering at 1000°C. A high apparent porosity value in the
castable sample sintered at 1000°C suggests that the
pores formed by the evaporation of water were unable to
be removed. The decrease in apparent porosity with
increasing sintering temperature (1500°C) is attributed
to the metastable liquid in the castable transforming into
mullite and condensation (G6gtas et al. 2010). According
to a study involving alumina-based castable refractories,
the apparent porosity value at 110°C is approximately 12
%, which is in good agreement with the results we
obtained (Luz et al. 2018).

8

B8 110°C 24 h
- |=S1000°C 24 h, 1500°C 51 a

Water absorption (%)
S

T T T
110 1000 1500

Temperature (°C)
b
345
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3.40 '
(:E\ — L18 8
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3 L1782
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2 3304 e
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110 1000 1500
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Figure 4. The effect of drying and firing temperature on
the refractory’s (a) water absorbtion and (b) bulk
density.

3.4. Cold Modulus of Rupture (CMOR-3 Point Bending
Strength) and Cold Compressive Strength (CCS)

Figure 5(a) shows the cold modulus of rupture (3 point
bending strength) graph of the sintered samples. To
analyse the behaviour of the samples before and after
water absorption tests were applied and compared. The
results are shown on the graph. Consequently, the
highest flexural strength was obtained from the sample
sintered at 1500°C after water absorption test and is
approximately 16 MPa. The cold compressive strength of
the samples heat treated at various temperatures, before
and after water absorption tests, is shown in Figure 5(b).
Accordingly, the sample sintered at 1500 °C and
subjected to the water absorption test yielded the
greatest cold compressive strength value, which was
173.13 MPa. The results of the three-point bending
strength and cold compressive strength tests show that
the samples that were subjected to the water absorption
test had higher strength values. It was believed that the
hydration of a minor quantity of unreacted calcium
aluminate cement in the raw material contributed to the
higher bending and compression strengths of with water-
absorbed samples compared to without water-absorbed
samples. Cement's interaction with water initiates
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hydration, which is followed by an exothermic reaction.
Hydration is affected by the ratio of water to cement,
curing conditions, and presence of impurities. Stable
hydration products consisting of the first sintered
mineralogical phases and their crystal structures often
emerge within three to six months at room temperature
or within the first 24 hours if curing is conducted at a
higher temperature. When heated 21°C,
metastable hydrates transform into stable compounds
(Lee etal. 2001; Ma and Brown 1999).

above

18
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Figure 5. (a) 3 point bending and (b) compressive
strength test results of the reactive alumina-added
castable refractory mixture produced from Seydisehir
gibbsite before and after water-absorption tests.

3.5. Fracture Toughness (Kic)

Figure 6 shows a graph that compares the results of an
analysis of the fracture toughness of the reactive
alumina-added castable refractory mixture made from
Seydisehir gibbsite and the reactive alumina-added
castable refractory material produced by a commercial
company. As a result, the castable refractory sample
containing reactive alumina produced from Seydisehir
gibbsite had a higher fracture toughness value of 1.2
MPa.m1/2. The castable refractory sample containing
commercial commercial
company has a Kic value of 0.85 MPa.ml/2.Typically,
conventional castables have a Kic in the range of 0.2-1.5
MPa.m!/2 (Gogtas et al. 2014). The values obtained from

reactive alumina from a

both samples are within the range of values given for
conventional castables in comparison to the findings of
this study, but it is understood that the castable
refractory samples obtained by adding Seydisehir
reactive alumina are 1.5 times tougher than that of the
commercially available castable refractories.

12+ —
— 08-
o
% o
©
o
=
5
X 0.4
0,0

SFC refractory
mixture sample obtained
from a commercial company

SFC refractory sample with
reactive alumina obtained
from Seydisehir gibbsite

Figure 6. Fracture toughness comparison graph.

4. Conclusion

In this study, low sodium reactive alumina was produced
from domestic raw material, Seydisehir/Tiirkiye gibbsite.
This produced reactive alumina and various dispersants
were added to the high alumina and low cement castable
refractory mixture to optimize the binder matrix system.
110% self flow value was obtained by using 1% ADS1
dispersant. The samples shaped by casting according to
the test standards were heat treated at 110°C for 24
hours, at 3°C/min at 1000°C for 24 hours and at 5°C/min
at 1500°C for 5 hours. The samples obtained after heat
treatment were systematically examined by applying
water absorption, three-point bending strength and cold
compressive strength tests. Also, the fracture toughness
of the refractory mixture prepared with the reactive
alumina produced from Seydisehir
compared with the refractory mixture containing

Gibbsite was

commercial reactive alumina obtained from a refractory
brick company. The best results were obtained from
samples sintered at 1500°C. The apparent porosity, total
water absorption rate, bulk density of the samples are
16.88 %, 5.59 % and 3.25 % respectively. The bending
and compressive strengths of the samples are 16 MPa
and 173.13 MPa respectively. The refractory mixture
prepared with the reactive alumina produced from
Seydisehir Gibbsite gave 1.5 times higher fracture
toughness value than that of the refractory mixture
containing commercial reactive alumina obtained from a
refractory brick company. One of the parameters
affecting the bulk density is the packing density of the
aggregate mixture. The packing density of the aggregate
mixture used in the experiments should be measured and
an aggregate mixture that gives a higher packing density
than this should be prepared. The second parameter is
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the degree of the reactive alumina used in the binder
matrix. To increase this, sintering aid additives should be
tried. With this study, it has been shown that domestic
raw material resources can be used more efficiently and
shed light on new studies to contribute to the economy.
In future studies, the economic dimension should be
investigated by cooperating with the industry.
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