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The Uni-Stable-3D is a new method for 3D medical image enhancement which produces 3D
Images of high contrast from the scanned anisotropic scaling images.
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Figure Different settings of Uni-Stable-3D method

Aim of Article: Medical image enhancement based on 3D reconfiguring of anisotropic images
scans to produce images of high contrast which are suitable for segmentation using any
clustering algorithm.

Theory and Methodology: This is done by estimating some intermediate slices through
resizing the original DTI scans. Rescaling has been achieved at three different levels: rescaling
of eigenvalues of diffusion, rescaling the Scalar Indexes from the original eigenvalues, and
rescaling the cluster maps of the segmentation of the original Scalar Indexes. Four
interpolation methods have been employed at each level and four clustering algorithms have
been employed in the process.

Findings and Results: Univeral and stable 3D medical images with high contrats.

Conclusion : The Uni-Stable-3D images are almost universal as they combine a variety of
algorithms points-of-views into one 3D probability map. This reduces boundary-overlapping
among different tissues, and hence improves the uniqueness of the segmentation problem
solution.
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HIGHLIGHTS

= Novel technique for 3D medical image enhancement that is titled as: Uni-Stable-3D Images.

= The Uni-Stable-3D image is almost universal as it combines variety of algorithms points of views into one 3D
probability map

= Uni-Stable-3D Images reduces boundary-overlapping among different tissues
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usually accomplished in an anisotropic manner where
I. INTRODUCTION the planer resolution spacing and slice to slice spacing

Computer-aided diagnosis (CAD) is considered one  are (usually) different [3]. This makes the 2D based
of the major research subjects in medical imaging and ~ segmentation process of scans not able to provide the
diagnostic radiology [1, 2]. With CAD, radiologists use ~ accurate 3D bounds of the tissues, where this shows the
the computer output as a "second opinion" and make  hecessity for estimating some intermediate plans to
the final decisions. The ability to produce high contrast ~ solve that problem. The estimation of some
medical images has its importance in diagnosing,  intermediate plans requires 3D image resizing to be
evaluation and computer-based simulation of a certain  involved in the process.
tissue or organ.

In addition to the anisotropic spacing problem, the

Medical imaging such as CT-scan and MRI are  macroscale resolution of scanners [4, 5] causes


https://dergipark.org.tr/en/pub/jster
mailto:ihab.elaff@uskudar.edu.tr
https://dergipark.org.tr/en/pub/jster
https://dergipark.org.tr/en/pub/jster
mailto:ihab.elaff@uskudar.edu.tr

4

3 f\n JOURNAL OF SCIENCE, TECHNOLOGY AND ENGINEERING RESEARCH

(1Y] ,l‘) Bilim, Teknoloji ve Miihendislik Arastirmalari Dergisi, (2023) - 4(2): 78-89

V\J 3 ISSN : 2717-8404 https.//dergipark.org.tr/en/pub/jster

boundary-overlapping between neighbor tissues in
medical images [6 — 8]. With those 2 problems, the
estimation of an accurate 3D tissue’s boundary
becomes in demand.

When only 2D images of the original scans are
employed for processing tissue in 3D, it would act like
resizing this image using the nearest interpolation
method. However, by applying other interpolation
methods such as Linear, Cubic, Lanczos2 or Lanczos3
[9, 10], more accurate estimation for the intermediate
plans would be expected. Linear interpolation estimates
intermediate states over a tangent line between two
measured states, while Cubic uses Gaussian smoothing
curve and Lanczos methods depend on the Sinc
function.

The most important image segmentation techniques
are: threshold based methods, clustering based
methods, edge based methods, region based methods,
watershed based methods, Partial Differential Equation
(PDE) based methods and Artificial Neural Network
(ANN) based methods [11]. Clustering base methods
such as Otsu algorithm [12], K-Means algorithm [13],
Expectation Maximization (EM) algorithm [14], C-
Means algorithm, Fuzzy C-Means (FCM) algorithm
and Spatial constrained Fuzzy C-Means (SFCM)
algorithm [15], Markov Random Field (MRF)
algorithm and Iterated Conditional Modes (ICM)
algorithm [16] are widely used with medical images.

It was reported that there is no unique solution to the
segmentation problem, because of the effect of the used
imaging modality on the segmentation process;
different results are obtained by changing clustering
method and/or the selected numbers of clusters [5, 7, 8,
15, 16]. Many models have been represented for 3D
brain segmentation. Duy M. H. Nguyen et. al.
produces a 3D brain tissue segmentation using
Gaussian Mixture Models (GMMs), Convolution
Neural Networks (CNNs) and Deep Neural Networks
(DNNSs)[17]. Yuankai Huo et.al. proposed the Spatially
Localized Atlas Network Tiles (SLANT) method to
distribute multiple independent 3D Fully Convolutional
Networks (FCN) for high-resolution whole brain
segmentation[18]. Fareeen Ramzan et.al. employ a
network for the segmentation of multiple brain regions
has been proposed that is based on 3D convolutional
neural networks and utilizes residual learning and
dilated convolution operations to efficiently learn the
end-to-end mapping from MRI volumes to the voxel-

level brain segments[19]. Youyong Kong et.al. presents
a novel algorithm for brain tissue segmentation based
on supervoxel and graph filter. Firstly, an effective
supervoxel method is employed to generate effective
supervoxels for the 3D MRI image. Secondly,
supervoxels are classified into different types of tissues
based on filtering of graph signals [20]. Kamarujjaman
represents a novel 3D unsupervised spatial fuzzy-based
brain MRI volume segmentation technique in the
presence of intensity inhomogeneity and noise. Instead
of static masking, dynamic 3D masking has been
proposed to measure the correlation among neighbors
[21]. Results from stated methods targeting either high
resolution scans or depend on one segmentation
technique. According to our best knowledge, the
present 3D segmentation methods don’t consider the
lost information in the spacing between slices, which in
turn produce approximate results for volumetric shapes.

One solution in a former research [22] that has been
developed to produce Uni-Stable images where
segmentation results are relatively stable regardless of
the use of the clustering method. The maximum match
analysis of 5 brains for CSFUni and WMUni gives
values 0.29+0.002 and 0.39+0.003 respectively.
However, the Uni-Stable method, also, did not consider
the spacing between slices. This research represents an
improvement to the Uni-Stable method by re-producing
medical image slices in a way to cover spaces between
scanned slices using combinations of interpolation
methods and cluster maps. This will re-generate
volumetric 3D images which are universal and stable
for the segmentation process using any algorithm and
produce fewer overlapping errors.

I1. MATERIALS AND METHODS

A. Dataset

Datasets of this study have been obtained from John
Hopkins Medical Institute website. These datasets
consist of brains’ DTI volume data where each brain is
scanned in 50 slices with a resolution of 256 x 256
voxels per slice. In every slice, the voxel width and
height are 0.9375 mm and the spacing between each
successive slice is 2.5mm. Some scalar Indices (SI) for
those DTI images have been generated, namely: Mean
Diffusivity (MD), Fractional Anisotropy (FA), Rational
Anisotropy (RA), Matisuia Anisotropy (MA), Linear
Anisotropy (CI), Spherical Anisotropy (Cs) , Volume
Ratio (VR), Angular Anisotropy (AA), and Diffusion
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Volume (DV) [4, 5, 6, 23 - 27].

B. Uni-Stable-3D Images

The lack of solution unigueness in the medical image
segmentation problem is because of different medical
imaging types, the selected clustering algorithm, and
interpolation method of rescaling its order where each
setting has its own estimate. A new approach for 3D
brain image segmentation based on interpolating
anisotropic brain scans from Diffusion Tensor Imaging
modality. As axial brain scans are usually
accomplished in anisotropic spacing where the plane
resolution spacing and slice to slice spacing are usually
different, then 2D-based segmentation of brain tissues
cannot provide accurate 3D bounds of the tissues. This
is where 3D image interpolation should be involved in
the process. The main concerns of the accurate 3D
brain tissues are the suitable stage order of the
interpolation in the process, the suitable interpolation
methods and the suitable Scalar indexes for that job.

The Uni-Stable method [17] was originally
developed for generating high contrast 2D images
based on DTI scans, where the Uni-Stable method has
been proved to be universal where many segmentation
settings are considered, and their segmentation results
are relatively independent of the applied clustering
method, which makes it relatively stable. The process
starts by producing different SI from eigenvalues of the
DTI data, generating Cluster Maps (CM) from the
generated Sls and finally fusing the generated CMs into
one probability map, which is the Uni-Stable Image,
where this process makes sure that common points will
have more probability than less common points.

In the way to upgrade this method to a 3D version, a
resizing stage would be added to estimate some
intermediate slices between originally scanned ones,
which in turn will solve the anisotropic spacing
problem. The selected interpolation method of the
resize operation and its order in the process plays a
basic role that affects the Uni-Stable-3D image
generation as shown in Figure 1. The first setting
(Setting 1) is resizing the eigenvalues of the DTI
images before the other stages. The 2nd (Setting 2) is to
generate SI’s from the original eigenvalues and then
resize the Sl maps. The last one (Setting 3) is to
generate the CM’s from the original SIs and then resize
them before the fusion process. Four interpolation
methods are tested for 3D image resizing: Linear,
Cubic, Lanczos?2 and Lanczos3. For N Slis, which
contain clear features about the required tissues; M

clustering methods with P different Interpolation

methods generate N x M x P estimates of normalized
CMs. Normalized Uni-Stable-Image IMGUni is
generated by fusing these CMs together, where:

TN Moy 25:1 CMnmp

IMGuni. = Max (SN, SHy 3Py CMmp) T ()]
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Figure 1 Different settings of Uni-Stable-3D method
In this study, brain data has been resized from
256x256x50 to 256x256x200 using three different
settings to estimate some intermediate slices between
originally scanned ones.

C. CSF/non-CSF 3D Uni-Stable-Image generation

For generating CSF/non-CFS 3D-Uni-Stable-Images
(CSFUni), some ST’s are used, namely: MD, DV, Al,
A2, and A3. Those SI has been clustered using 4
different clustering algorithms, namely: Otsu, KM,
FCM and SFCM. Rescaling using four interpolation
methods has been tested in the process with the
different location. For each setting, 80 different cluster
maps are produced. Cluster maps are then fused into
one image as shown in Figure 2.

24 Measured) 24.5(Estimated) 25 (Measured)

Setting 1

Setting 2

Setting 3

Figure 2 CSF/non-CSF Uni-Stable-3D images using different
settings for 2 measured slices and one estimated slice in the
middle.

Table 1. Different Settings for CSF/non-CSF Uni-Stable-3D
Image Generation.

[ sFcm [ [

D. WM/non-WM 3D Uni-Stable-Image generation

For generating WM/non-WM 3D-Uni-Stable-Images
(WMUni), some SI’s are used, namely: FA, RA, AA,
MA, and CI. Those SI has been clustered using 4
different clustering algorithms, namely: Otsu, KM,
FCM and SFCM. Rescaling using four interpolation
methods has been tested in the process with the
different location. For setting 1, 40 different cluster
maps are produced because only two interpolation
methods re used and 80 different cluster maps are use
in other settings. More justification would be indicated
in the discussion and conclusion part about that.
Finally, cluster maps are then fused into one image as
shown in Figure 3.

24 (Measured) 24.5(Estimated) 25 (Measured)

Setting 2 Setting 1

Setting 3

Figure 3 WM/non-WM Uni-Stable-3D images using
different settings for 2 measured slices and one estimated
slice in the middle.

Table 2. Different Settings for WM/non-WM Uni-Stable-3D
Image Generation

Number Interpolati Scalar Number
Rescale Interpolation Clustering Scalar of Fused Rescale polati Clustering Ind of Fused
Level Methods Methods Indexes Cluster Level on Methods NAEXE | Cluster
M Methods S
aps Maps
. . Otsu, K- Otsu K- | FA
. Linear, Cubic ! MD . . ’ ’
. Eigenvalu ’ ' Means, ! . Eigenvalue Linear Means, RA,
Setting 1 es Rescale tgggg:g FCM, }]?V)’LM' 80 Setting 1 s Rescale Cubic FCM, AA, 40
SFCM 0 SFCM MA, Cl
Scalar Linear, Cubic, ,\oﬂt:;']sK" MD, Scalar tll?t?iir I\O/Itej:ﬁs K- E’z
Setting 2 Indexes Lanczos2, FCM ’ DV, A4, 80 Setting 2 Indexes Lanczbsz FCM ' A A’ 80
Rescale Lanczos3 SECM A2, A3 Rescale Lanczos3 SECM MA., CI
Cluster Linear, Cubic, Otsu, K- MD, Cluster Linear Otsu, K- | FA,
Setting 3 Maps Lanczos2, Means, DV, M\, 80 Setting 3 Maps Cubic, Means, RA, 80
Rescale Lanczos3 FCM, A2, A3 Rescale Lanczos2, FCM, AA,
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I1l. RESULTS

A. Reference Model

The usual Sls which are used in the brain image
segmentation are FA and MD. For normalized MD
images, a threshold with values around 0.3 can
efficiently separate CSF/non-CSF [28] and for
normalized FA images, a threshold with values
between 0.25 and 0.45 can separate WM/non-WM [29].
As the original scans reflect the solid facts about the
scans, so they should be taken as a comparison
reference. For size consistency, the nearest
interpolation is applied to resize the original FA and
MD.

B. Non-Uni-Stable 3D images Segmentation

For the regular process, FA and MD are resized using
linear interpolation or cubic interpolation after being
calculated from the original eigenvalues [30]. However,
more settings have been explored where FA and MD
are resized according to the following tables:

Table 3. Different Settings for MD rescaling.

Table 5 Average Mean and Average standard deviation of
5 human brains for maximum match Threshold value and
CSF to Brain ratio based on MD Images of different
settings

Threshold CSF to Brain Ratio
MD1.1 0.306+0.0118 18.75+1.07
MD1.2 0.306+0.0125 18.64+1.06
MD2.1 0.306+0.0118 18.75+1.07
MD2.2 0.306+0.0125 18.64+1.06

Table 6 Average Mean and Average standard deviation of
5 human brains for maximum match Threshold value and
WM to Brain ratio based on FA Images of different
settings

Threshold WM to Brain Ratio
FAl1l.1 0.371£0.0127 29.15+1.80
FA1.2 0.375+0.0142 28.57+£1.92
FA2.1 0.355+0.0203 32.71+8.58
FA2.2 0.368+0.0109 28.26+1.56

Interpolation
Rescale Level Methods
MD1.1 Eigenvalues Rescale Linear
MD1.2 Eigenvalues Rescale Cubic
MD2.1 Scalar Indexes Rescale Linear
MD?2.2 Scalar Indexes Rescale Cubic
Table 4. Different Settings for FA rescaling.
Interpolation
Rescale Level Methods
FAl.1 Eigenvalues Rescale Linear
FA1.2 Eigenvalues Rescale Cubic
FA2.1 Scalar Indexes Rescale Linear
FA2.2 Scalar Indexes Rescale Cubic

And the four mentioned clustering methods are also applied
on those images with maximum match as shown in Figure 4
and Figure 5. It is noticed that each clustering method has
different threshold point and this is the normal case where
non unique solution is obtained.

Referring to Maximum-Match analysis for 5 brains, the
average mean and the average standard deviation of the
clustering algorithm and regular threshold method and the
CSF to Brain and WM to Brain ratios are given in Tables 5
and Table 6

C. 3 Uni-Stable 3D images Segmentation

Maximum-Match analysis for 5 brains is repeated again
for 3D Universal images under the 3 settings (Figure 6,
Figure 7, Table 7 and Table 8). In both Figure 6 and
Figure 7: Otsu, K-Means and FCM curves are
overlapping. The SFCM is shifted a little bit downward
below them; however, all of them are aligned almost to
the same threshold point. This indicates that
segmentation results are almost independent from the
clustering algorithm.

Quantitatively, the average mean and average standard
deviation of 5 human brains for maximum match the
threshold value and CSF to brain ratio based on 3D
Universal images of both CSF/non-CSF and WM/non-
WM under the different three settings are demonstrated
in Table 7 and Table 8 respectively. The average mean
values are almost the same such as Table 5 and Table 6;
however, the average standard-deviation values are
much lower than in the MD and FA cases. This
indicates that segmentation of the Uni-Stable-3D
images is almost independent of the clustering method.
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Figure 4 Maximum match analysis for CSF using MD
Cluster Maps.
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Figure 5 Maximum-Match analysis for WM using FA
Cluster Maps.
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Figure 6 Maximum match analysis for CSF using CSFuyni
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Figure 7 Maximum match analysis for WM using WMupi
Cluster Maps
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Table 7 Average Mean and Average standard deviation of 5
human brains for maximum match Threshold value and
CSF to Brain ratio based on 3D Universal CSF/non-CSF

Images of different settings

Table 8 Average Mean and Average standard deviation of

5 human brains for maximum match Threshold value and

WM to Brain ratio based on 3D Universal WM/hon-WM
Images of different settings

Threshold CSF to Brain Ratio Threshold WM to Brain Ratio
AVG STD AVG STD AVG | STD AVG STD
Brainl 0.3325 0.0050 17.80% 0.4570 Brainl 0.39 0.0000 26.03% 0.3980
Brain2 02925 | 0.0050 17.82% | 05550 Brain2 | 0.39 | 0.0000 28.41% 0.4230
Brain3 0.3075 0.0050 18.99% 0.4440 Brain3 0.39 0.0100 29.34% 0.8500
CSFunit WMunit
Brain4 03025 | 0.0050 2159% | 04890 Braind | 0.41 | 0.0050 25.31% 0.2360
Brain5 03125 |  0.0050 16.01% 0.4200 Brain5 0.36 0.0000 26.34% 0.5250
Average | 0.310 + 0.0050 18.44% + 0.4730 Average | 0.3865+0.0030 27.085% + 0.4864
Brainl 0.3325 | 0.0050 17.83% 0.3450 Brainl 0.39 0.0000 25.47% 0.3030
Brain2 02925 | 0.0050 17.72% 0.4740 Brain2 0.38 0.0000 27.80% 0.3550
CSFuniz Brain3 0.3075 | 0.0050 19.09% 0.4140 WMuniz Brain3 0.38 0.0096 28.45% 0.7580
Brain4 0.3025 0.0050 21.64% 0.4260 Brain4 0.40 0.0000 24.81% 0.1660
Brain5 0.3125 | 0.0050 16.03% 0.3550 Brain5 0.36 0.0000 25.50% 0.3250
Average | 0.310 + 0.0050 18.46% + 0.4028 Average | 0.3825+0.0019 26.4065% + 0.3814
Brainl 0.3325 0.0050 17.12% 0.2830 Brainl 0.39 0.0050 26.14% 0.2620
Brain2 02925 | 00050 17.20% | 04300 Brain2 | 0.39 | 0.0058 27.57% 0.2810
Brain3 0.3025 | 0.0050 18.42% 0.3100 Brain3 0.36 0.0350 33.39% 4.3550
CSFunia . WMunis
Brain4 0.295 0.0058 21.13% 0.3790 Brain4 0.40 0.0050 24.69% 0.2650
Brain5 0.3025 0.0050 16.10% 0.2740 Brain5 0.36 0.0000 25.46% 0.2100
Average | 0.305 + 0.0052 17.99% + 0.3352 Average | 0.38 +0.0102 27.4505% + 1.0746

For CSF/non-CSF Uni-Stable-3D images, Setting 3
provides the lowest average standard deviations and
hence the most stable setup. For WM/non-WM Uni-
Stable-3D images, Setting 2 provides the most stable
setup.

IV. RESULT AND DISCUSSIONS

The Uni-Stable-3D is a new method for 3D medical
image enhancement which produces images of high
contrast from the scanned anisotropic images. It is
basically an upgraded version of the former Uni-Stable
method. This is done by estimating some intermediate
slices by resizing the original scans. Rescaling has been
achieved at three different levels: rescaling of
eigenvalues of diffusion, rescaling the Scalar Indexes
from the original eigenvalues, and rescaling the cluster
maps of the segmentation of the original Scalar
Indexes. Four different interpolation methods and four

different clustering algorithms have been employed in
the process.

The Uni-Stable-3D images are almost universal as they
combine a variety of algorithms point-of-view into one
3D probability map. This reduces boundary-
overlapping among different tissues, and hence
improves the uniqueness of the segmentation problem
solution.

The stability factor of the Uni-Stable-3D Images is
measured by maximum match analysis between the
cluster maps which are generated from Uni-Stable-3D
images using a variety of clustering methods with
respect to true fact references. For CSF/non-CSF, the
true fact reference is taken as the threshold of MD
scalar index’s histogram after being resized using the
nearest interpolation and again, for WM/non-WM, the
true fact reference is taken as the threshold of FA scalar
index’s histogram after being resized using nearest
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interpolation. The same is repeated again but using
cluster maps which are generated by applying some
clustering methods to MD and FA.

The resultant standard deviations of Uni-Stable-3D
images maximum match analysis in both threshold and
tissue to brain ratio (tables 7 and 8) are much lower
than MD and FA (tables 5 and 6). This reflects the
stability of the Uni-Stable-3D images and indicates that
they are almost clustering-algorithm-independent. The
same process was repeated for 5 brains and the results
were also the same.

Referring to the former research [22] that has been
developed to produce Uni-Stable images based on
multi-2D slices; for the same 5 brains, maximum match
analysis for CSFUni and WMUni, there are no
significant changes compared to Uni-Srable-3D method
in mean values and SD values are still relatively very
small in both cases (Table 9). Those minor differences
are due to the interpolation process used in the Uni-
Stable-3D with the advantage of covering the gaps
between 2 successive slices.

Table 9 Comparison between clustering results of Uni-Stable
method and Uni-Stable-3D method.

CSF/non-CSF WM/non-WM
CSFuni | 0.29+0.002 WMuni [ 0.39+0.003
CSFuniz | 0.310+0.0050 | WMuni 0.3865 £ 0.0030
CSFuniz | 0.310+0.0050 | WMuniz 0.3825+ 0.0019
CSFuniz | 0.305+0.0052 | WMunis 0.38 +0.0102

Cubic, Lanczos2 and Lanczos 3 produce some negative
values because of their kernel function, which can be
eliminated. However, Lanczos2 and Lanczos3
Interpolation methods might not be suitable to be used
in the level of resizing the eigenvalues because they
depend on Sinc function. As the Sinc function
oscillates, some small positive values could be
produced in the background zone. Because of the
rational nature of WM/non-WM scalar index
calculations, extra regions would be generated in the
background zone such as FA images (Figure 8).
However, for integration based scalar indexes which
are used to find CSF/non-CSF scalar indexes such as
MD, these small values have almost no effect (Figure
8).

Finally, it is concluded that the Uni-Stable-3D method
might be a straightforward solution for the

segmentation problem of medical images, where the
segmentation process can be achieved using only one
Uni-Stable-3D image and any clustering method.

MD

Linear

Lanczos?2 Cubic

Lanczos3

Figure 8 The Effect of some Interpolation methods for
eigenvalues on the generated scalar indexes.
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corrosion resistance of the coating is reduced. Due to

I. INTRODUCTION weak resistance of polymer coating against penetration

Several processes have been employed to protect Of electrolyte and thus penetration of corrosive solution

metallic substances from corrosion attack. Polymeric {0 the metal/coating interface, voids, defects and

coatings are widely used to control corrosion of metal ~ blistering can occur and corrosion resistance of the

structures, however, due to weak resistance of polymer ~ Coating is reduced [1]. The effectiveness of the coating

coating against penetration of electrolyte and thus IS typically dependent on the fundamental properties of

penetration of corrosive solution to the metal/coating ~ the sacrificial pigments, barrier effect, organic film,
interface, voids, defects and blistering can occur and
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presence of inhibitors and the interface interaction as
regards observance [2].

Epoxy resins, a common polymeric coating is
susceptible to damage by surface abrasion and wear and
also act as pathways accelerating the ingress of water,
oxygen and aggressive species onto the metallic
substrate, resulting in its localized corrosion [3]. These
can be enhanced by the incorporation of a second phase
that is miscible with the epoxy polymer, for instance,
inorganic filler particles at nanometer scale can be
dispersed within the epoxy resin matrix to form an epoxy
nano composite. The incorporation of nanoparticles into
epoxy resins offers environmentally benign solutions to
enhancing the integrity and durability of coatings, since
the fine particles dispersed in coatings can fill cavities
and cause crack bridging, crack deflection and crack
bowing. Nanoparticles can prevent disaggregation of
epoxy during curing, resulting in a more homogenous
coating. They tend to occupy small hole defects formed
from local shrinkage during curing of the epoxy resin
and act as a bridge to connect more molecules. This
results in a reduced total free volume as well as an
increase in the cross-linking density. In addition, epoxy
coatings containing nanoparticles offer significant
barrier properties for corrosion protection and reduce the
trend for the coating to blister or delaminate [3].
Nanoparticles are generally considered to be a number
of atoms or molecules bonded together with radius of
100 nm. Nanoparticles find relevance in corrosion
resistant, erosion-resistant and wear-resistant
environments [4].
Nanoparticles are being
matrices as fillers to improve the mechanical,
rheological, anticorrosive, and light-resistance
properties. Especially nano metal oxides such as TiO»,
Fe,03, ZnO, SiO,, Al,Os, CaCOs and zirconia have been
used as nano filler for corrosion protection on mild steel
for more than a decade. The anticorrosive property of
these coatings provides a barrier protection against the
penetration of aggressive environmental constituents
and prevents the cathodic reaction (2H,O + O, + 4e- —
40H-) occurring on the substrate/coating interface [4].
Nanoparticles can prevent disaggregation of epoxy
during curing, resulting in a more homogenous coating.
They tend to occupy small hole defects formed from
local shrinkage during curing of the epoxy resin and act
as a bridge to connect more molecules. This results in a
reduced total free volume as well as an increase in the
cross-linking density [2].

The use of biomaterials in general and agro-waste in
particular is a subject of great interest nowadays not only
from the technological and scientific points of view, but

incorporated into epoxy
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also socially, and economically, in terms of
employment, cost and environmental issues[5]. Bio-
wastes are produced from a large variety of sources and
agro-wastes are a class of these wastes. Agro-wastes are
gotten from animal and plant sources. These wastes
contribute to the problem of environmental pollution and
the growing cost of handling the problems of
environmental pollution is a world problem being
tackled by various organizations around the world. [6]
suggested that a wise alternative is to utilize these wastes
and extract useful substances from them and therefore
reduce the cost of disposing the wastes and also the
environmental damages imposed on our environment by
these wastes.

Palm kernel shells are waste products of oil palm and
previous researches have shown that palm kernel ash
contains hard silica. Bearing these in mind, this research
focuses on the development and evaluation of the
corrosion performance of epoxy-palm kernel shell ash
nanoparticle coating for mild steel. The nanoparticles
were produced using the sol-gel method and were
characterized using XRF (X-ray fluorescence), FT-IR
(Fourier transform infrared spectroscopy), XRD (X-ray
diffraction), and SEM (Scanning electron microscopy)
techniques. The composite coating was then produced
by mixing epoxy with the nanoparticles of Palm kernel
shell and then the mild steel was coated with it using a
spray gun.

1. METHOD

Mild steel (ASTM/SAE 1013 Steel plate/sheet) was
used, palm kernel shells (figure 1) were used and they
were obtained from Nigeria Institute for Oil Palm
Research in Edo State, Epoxy (LY 556) also called
Bisphenol-A-Diglycidyl-Ether ~ and  hardener  tri-
ethylene-tetramine  (TETA)  with  commercial
designation HY 951 was also used and they were
purchased from a chemical shop in Warri Delta State
Nigeria.

7 o W

Figure 1: Palm kernel shell
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Preparation of mild steel and Palm kernel shell ash

The palm kernel shell was cleaned and dried, they were
packed in graphite crucible and ashed in a Carbolite
electric resistance furnace at 1100°C for 4 hrs as reported
by [7] to obtained palm kernel shell ash (figure 2). A
high intensity planetary ball mill pm 400 machine was
used in pulverizing the palm kernel shell ash.

Mild steel with compositions shown in Table 1 was used
in this work. The mild steel was grit blasted at a pressure
of 3 kg/cm? using alumina grits having size of around 60
um size in order to achieve a good coating adherence.
The grit blasted sample was cleaned in an ultrasonic
cleaner and the weight of each cleaned specimen was
taken by using a precision electronic balance with + 0.1
mg accuracy. This procedure was adopted from [8]

Figure 2: Palm kernel shell particulate

Table 1: Chemical composition of the mild steel

Metal Elements Percentage

(%0)
1.C 0.130
2. Si 0.153
3. Mn 0.630
4.P 0.060
5.Cu 0.040
6. Al 0.030
7.8 0.010
8.Cr 0.010
9. Ni 0.020
10.Mo 0.01
11.W 0.088
12. Fe balance
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Production of the nanoparticles

The sol gel method was applied in producing the palm
kernel shell ash nanoparticles. 50 g of Sodium hydroxide
mixed in one dm?® of water was added to 100 g of Palm
kernel ash, put in an Erlenmeyer flask and stirred for
about 2 hours before the solution was filtered to remove
the residue which is carbon (Figure 3). The filtrate was
then allowed to cool at room temperature, then
hydrochloric acid of weight 0.5 mols was added and
stirred for hydrolysis — condensation reaction to occur
until pH of 7 was attained with a pH meter and ageing
was done at 65°C for 8 hours in an oven to obtain the gel.
The above procedure was adopted from [9].

Figure 3: The palm kernel shell ash filtrate

Characterization of the nanoparticles

The size of the nanoparticles as well as their form and
structure were observed with Transmission Electron
Microscope using Jeol, JSM2010, X-ray fluorescence
spectrometer was utilized for the composition analysis
of the produced nanoparticles, X-ray diffractometer ,
XPertPro PANalytical, LR 39487C was used to obtain
the X-ray diffraction patterns of Palm kernel ash
nanoparticles.

Production of the Composite Coating

The production of the composite coating was done with
accordance with ASTM D3878-20 (2020) Standard
Terminology for Composite Materials, ASTM
International, West Conshohocken, PA, 2020, these
procedures are applied standards on composites
containing high-modulus fibers. In the procedure the
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palm kernel shell ash nanoparticles were sonicated in
ethanol solvent using sonicator equipped with a titanium
probe having a diameter of 13 mm) for 15 minutes, the
uncured epoxy (LY556) of density 1.15 — 1.20 g/cm?®
and its corresponding hardener (HY 951) of density
0.98g/cm® were then combined by weight in a ratio of
2:1 and the nano particles were added in a percentage
weight of 1 to 5 because after the preliminary
experiments it was observed that addition of palm kernel
Shell beyond 5% made the mixture slurry too thick and
could not pass through the nozzle of the spraying
machine. Thereafter, the mixture was stirred up to 1200
rpm speed for 15 minutes before the steel was coated
with the mixture using spray gun and then kept at room
temperature to allow for full curing for seven (7) days.
(Figure 4).

1 '.\
Figure 4: Photograph of the coated samples

Characterization of the coated samples

The coating thickness was done in accordance with
ASTM E376 - 19 using a coating thickness gauge,
XPertPro PANalytical, LR 39487C was used to obtain
the X-ray diffraction patterns The microstructure of the
samples was conducted using Scanning electron
microscope model: TESCAN SEM, Siemens D-500
diffractometer model: Co-Kc radiation (Kc =1.79026 A)
was used to determine the various phases formed in the
samples.scanning electron microscope (TESCAN)

A universal testing machine (PC-2000 Testometric
testing machine) was utilized to test the adhesion
strength, the test was performed as per ASTM C-633,
Electrochemical tester Model: CHI604E was used to
perform the corrosion test, this investigation was carried
out in accordance with ASTM G19 Standard.

I11. RESULTS AND DISCUSSION

Transmission Electron Microscopy Analysis of the
Nanoparticles

The morphology of the Palm kernel shell ash
nanoparticles (PKSAnp) by transmission electron
microscope/  energy  dispersive  spectrometry

(TEM/EDS) is shown in Figures 5. The nanoparticles
were observed to be solid in nature, but irregular in
size. Spherical shape particles can also be seen. The
average particle size obtained was 71.67 nm.

0 2 4 6 8 10 2 % % 18 2
Full Scale 43824 cts Cursor: 0.000 ke

Figure 5: TEM/EDS of the Microstructure of the PKSAnp

It was observed that the micro-analysis of the EDS of the
PKSAnNp revealed the presence of Si, C, K, Ca, O and
Al. The high peak of silicon (Si) in Figure 5 was as a
result of the fact that the major constituent of Palm
kernel ash nanoparticles is silica. Also the presence of
high peak of oxygen (O) may confirm that the various
elements in the palm kernel ash are not pure. The high
carbon obtained is due to the effect of carbonization at
high temperature. This is similar to the work of [10].
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Weight gain, coating thickness and Adhesion of the
coated samples

Figure 6 displayed the percentage by weight gain of the
coating samples, while Figure 7 and give the coating
thickness of the coated samples. Figure 6 it was observed
that the weight increased as the wt% of PKSAnp was
increased, that is weight gained of: 1.92, 2.24, 2.56. 3.01,
3.21, 3.84% was obtained with epoxy/PKSANp coating.
Similar pattern was obtained for the coating thickness. A
99.6, 147.3, 154.3, 181.7, 194.0, 237.3um was obtained
with epoxy/PKSAnp coating. Increases in both weight
gain and coating thickness could be attributed to the fact
that PKSANp was able to cover the surface of the mild
steel.
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Figure 6: Percentage by weight gain of the sample

250 ~

200 ~
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Figure 7: Coating thickness of the sample
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Figure 8 shows that adhesion strength rises as the
percentage weight of Palm kernel shell ash nanoparticles
increased in the epoxy. Values of 5.32, 7.96, 10.248,
11.559, 12.355, 19.986MPa were obtained for the
epoxy- palm kernel shell ash nanoparticles at 0, 1, 2, 3,
4 and 5wt%. Improvement of 275.7% was obtained for
epoxy-5wt% Palm kernel shell ash nanoparticles, this
can be attributed to the good interfacial bond between
the mild steel and coating material used. This was
achieved by the stirring done during the mixing of the
composite coating and also the good surface preparation
before the coating of the mild steel.

25 -

20 A

0 1 2 3 4 5

Figure 8: Adhesion strength with percentage by weight
coating formulation

Corrosion Rate

Open-Circuit Potential Measurements

In the Open-Circuit Potential plot shown in Figure 9, the
mild steel without coating was observed to have the
lowest potential of all the samples. Disparity was
observed in the potential of the mild steel and coated
specimens, with that of the coated specimens tending
with respect to the positive axis and that of mild steel
tending with respect to the negative axis. Establishing
that the developed coating has the ability to protect the
specimens against corrosion attack. Also, as the
percentage by weight of Palm kernel shell ash
nanoparticles increased, the samples’ potential also
increased with 5wt% Palm kernel shell ash nanoparticles
having the highest potential, considering the fact that
Palm kernel shell ash nanoparticles was able to cover the
entire surface of the mild steel.
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Figure 9: Open circuit potential for epoxy- palm kernel shell
ash nanoparticles coating

Potentiodynamic polarisation studies

The investigation of the corrosion rate of the coating was
carried out in simulated sea water using Tafel polarization
curves. The Tafel polarization curves are shown in Figure
10 and the outcome obtained are shown in Table 2. From
Table 2, it was observed that corrosion current of the
samples coated was lesser than that of mild steel alone,
and the potential samples coated tending with respect to
the positive axis and that of mild steel tending with respect
to the negative axis of the graph. This established that the
developed coating can improve the corrosion protection of
the sample. From Figure 9, the observation showed that
the mean potential for mild steel moved towards a lesser
potential and elevated current density. With increase in
percentage weight of Palm kernel shell ash nanoparticles,
the corrosion potential as well as the corrosion resistance
of the samples also increased, this could be due to the
various microstructures obtained in the work.

— Substrate
— Epoxy-OPKSAnp
= Epoxy-5PKSAnp
—— Epoxy-2PKSAnp
5 — Epoxy-3PKSAnp
= Epoxy-4PKSAnp
7. — Epoxy-1PKSAnp

Current density (A/cm?)

06 05 04 03 02 01 00 01 02
Potential (V)

Figure 10: Tafel polarization curves for epoxy-palm
kernel shell ash nanoparticles composites coating

From Figures 11- 14 shows the potential, current
density, polarisation resistance and corrosion rate of the
samples, it can be seen that there is a comparable drift,
meaning the higher the polarisation and potential
resistance the lesser the corrosion rate and current
density. This trend was anticipated since the lesser the
potential the higher the predisposition for corrosion to
occur. For mild steel, the corrosion potential was -0.385
the values increased to -0.289, -0.16, -0.156, -0.143, -
0.136, -0.103Vv for epoxy-palm kernel shell ash
nanoparticles at 0, 1, 2, 3, 4, and 5wt% respectively.
Furthermore, the corrosion rate of the mild steel was
1150 mpy this decreased to 921, 213.1, 95.82, 78, 40.1,
15.87mpy for epoxy-palm kernel ash nanoparticles at 0,
1, 2, 3, 4, and 5wt% respectively. A Corrosion
protection efficiency of 98.62% was obtained for the
mild steel when coated with epoxy-5wt% Palm kernel
ash nanoparticles respectively.
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Figure 12: Variation of corrosion resistance with percentage

weight of coating materials
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Figure 13: Variation of corrosion current density with
percentage by weight of coating materials
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Figure 14: Variation of corrosion rate with percentage
weight of coating materials

In studying the corrosion surface of mild steel as well as
its composite coatings at Owt% and 5% wt palm kernel
shell ash nanoparticles formulation, scanning electron
microscope was used. It was seen that mild steel showed
higher tendency to pitting corrosion than the samples
that are coated (Figure 15).
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Figure 15: Scanning Electron Microscopy corrosion worn
surface of the uncoated mild steel

The corroded surface of the coated sample revealed that
the coating was not detached from the surface of the
mild steel as a result of corrosion attack. The coating
helped to cover the surface of the mild steel and made it
passive to corrosion attack. (Figures 16).

’J‘.ﬂ

SEMHV:200KV | WD: 1410mm VEGA3 TESCAN
SEM MAG: 2.00 kx Det: BSE 20 pm Performance in nanospace
Figure 16: Scanning Electron Microscopy corrosion worn
surface of the epoxy-5wt% Palm kernel ash nanoparticles
coated mild steel
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The method of the corrosion of materials in sea water
involves vigorous disbanding of mild steel in subsea water
as well as electron discharge [11]. This is shown in
equations 1 and 2

Fe + H,O +CI-

[FeCIOH]ads (1)

O]

[FeCIOH] +H* -==mmmmmmmmmmmmmmee- Fe?* +Cl- +H,0

There was a huge amount of pits enveloped by iron oxide
film showing that pit creation under these circumstances
occurred at some point in the exposure time while iron
oxide built up on the surface (Figure 14).

The sample of the composite coating contained hard
phases and made the degree of damage on the sample
surface low (Figure 16). These hard phases gave some
resistance to the corrosion attack. Therefore, this study
provides credibility to the controversy that the existence
of Palm kernel ash nanoparticles allows low corrosion of
materials [12]

IV. CONCLUSION

Palm kernel shell ash was successful developed as
nanoparticles using the sol-gel method and from the
transmission electron microscope analysis, they were seen
to be solid, irregular in size and sphere-shaped with
particle size of 71.67 nm. Characterization of the
nanoparticles as well as the coating of the mild steel was
also successfully done and the following conclusions were
obtained:

I. The weight of the coating as well as coat thickness
increased with the increase in weight percent of Palm
kernel shell ash nanoparticles up to 5%, after which there
was a decrease.

ii. From the scanning electron microscope analysis of the
microstructure of the coated samples with Palm kernel ash
nanoparticles, it was observed that dense, packed and
smaller grains than the uncoated samples were formed and
there were no external features of particles such as
contours, defects or damages seen on the images. This
could be attributed to the effectiveness of the stirring done
before the spraying which was able to disperse the
nanoparticles as well as the spraying method applied.

iii. Improvement of adhesion strength of 275.7% was
obtained for epoxy-5% weight Palm Kkernel ash
nanoparticles

iv. The coating helped to cover the surface of the mild
steel and made it passive to corrosion attack

v. A Corrosion protection efficiency of 98.62% was
obtained for the mild steel when coated with epoxy-5%
weight palm kernel ash nanoparticles.
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GRAPHICAL ABSTRACT

Energy production with
low  emission  values
through the use of
renewable resources
Being connected to the
grid, reducing battery
costs to zero and using
hybrid resources

Uninterrupted energy with

In this study, the technical and economic analysis of a hybrid system consisting of grid-
connected, renewable energy sources (solar and wind energy) was carried out using the
HOMER Pro program as a simulation to meet the energy needs of the electric vehicle charging
station at Batman University West Raman Campus. In the study, the HOMER Pro program
was introduced, the geographical location of Batman University was shown, and solar and
wind energy potentials were examined. The load profile for electric vehicles of our university
campus has been prepared and the optimum dimensioning of the photovoltaic and wind turbine
system has been made. A 100 kW hybrid system model has been designed. The photovoltaic
(PV) system size is determined as 90 kW and the wind turbine system size is 10 kW. The power

the use of renewable output results of the photovoltaic (PV) system and wind turbine (RT) system were calculated.
resources  and grid Monthly energy purchase-sale values were calculated and the profit-loss situation was
connection examined. Emission values of the hybrid system; CO2 was found to be 1,852 kg/year, SO2:

Determining the profit-loss
ratio by performing cost
analysis before
establishing a hybrid
energy system

8.03 kg/year and NO2: 3.93 kg/year. According to the simulation results, the capital cost was
found to be $66,500, the current net cost was $8,599.82, the unit energy cost was $0.045, and
the system depreciation period was 7 years. An economic comparison of the hybrid system and
wind turbine system has been made and it has been observed that the hybrid system provides
gains over the years.
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Aim of Article : Technical and economic analysis of renewable hybrid Resources.

Theory and Methodology : Optimizing with renewable resources with the HOMER Pro program.
Perform cost and sensitivity analysis.

Findings and Results: The solar potentials of Batman province are much higher than the wind
potentials. The amount of profit from annual electricity production is $ 6,137.
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Conclusion : It contributes to a cleaner environment and green energy with low emission values
through the use of renewable resources. The reason for creating a grid-connected system is to get
rid of battery costs and provide uninterrupted energy.
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= Yenilenebilir kaynak kullanimi ile diisiik emisyon degerli enerji iiretimi

= Sebeke ile baglantili olmak, pil maliyetini sifira indirmek ve hibrit kaynak kullanmak

= Yenilenebilir kaynak kullanimi ve sebeke baglantist ile kesintisiz enerji

= Hibrit bir enerji sistemi kurmadan once maliyet analizi yapilarak kdr-zarar oramini tespit etmek
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Bu ¢ahismada, Batman Universitesi Bati Raman Kampiisii'nde elektrikli ara¢ sarj
istasyonunun enerji ihtiyacini karsilamak icin simiile olarak, sebekeye bagli, yenilenebilir
enerji kaynaklarindan (giines ve riizgar enerjisi) olusan hibrit bir sistemin teknik ve ekonomik
analizi HOMER Pro programi kullamilarak yapilmistir. Calismada HOMER Pro programi
tamitilmi yapilmis, Batman Universitesinin cografi konumu gésterilmis, giines ve riizgdr enerji
potansiyelleri incelenmistiv. Universite kampiisiimiiziin elektrikli araclar icin yiik profili
ctkartilmis, fotovoltaik ve riizgar tiirbin sisteminin optimum boyutlandirmast yapimistir. 100
kW boyutunda hibrit bir sistem modeli tasarlanmistir. Fotovoltaik (FV) sistem boyutu 90 kW,
riizgdr tirbin sistem boyutu 10 kW olarak belirlenmistir. Fotovoltaik (FV) sistem ve riizgdr
tiirbin (RT) sistemi gii¢ ¢ikis sonuglart hesaplanmistir. Aylik enerji alim-satim degerleri
hesaplanmis ve kdr-zarar durumu incelenmistir. Hibrit sistemin emisyon degerleri; CO2:
1.852 kg/nl, SO2: 8,03 kg/yil ve NO2: 3,93 kg/yil olarak bulunmustur. Simiilasyon sonuglarina
gore sermaye maliyeti 66.500 $, bugiinkii net maliyet 8.599,82 $, birim enerji maliyeti 0,045
8 ve sistem amortisman siiresi 7 y1l olarak bulunmugtur. Hibrit sistem ve riizgar tiirbin sistemi
ekonomik karsilatirmast yapilmis ve hibrit sistemin yillara gére kazang¢ sagladig
gozlemlenmigtir.

Anahtar Kelimeler: Hibrit Sistem, HOMER Pro, Yenilenebilir Enerji
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I. GIRIS [INTRODUCTION]

Yakin tarihimize baktigimizda, fosil yakit kaynaklarmin
kullanimi diinyamiza ve atmosfere fazlaca zarar verdigi
goriilmektedir. Atmosfere yayilan zararl sera gazlari hem
atmosfer tabakasini delmekte hem de kiiresel 1sinmayi
tetiklemektedir. Bu da karbon emisyonunu artirmaktadir.
Bu zararlh gazlarin yayilmasinda otomobillerinde biiytlik
payr vardir. Gegmisten giiniimiize kadar igten yanmali
araglarin daha ¢ok kullanildigi goriilmektedir. Son
yillarda, karbon emisyonlarinin, sera gazinin ve fosil
yakitlara olan bagimhiligin etkili bir sekilde azaltilmasi
projeleri artmigtir [1]. Daha diisiik isletme maliyeti, daha
diisiik giiriiltii seviyeleri ve arag isletiminde daha yiiksek
verimlilik sebebiyle icten yanmali motorlu (IYM) araglara
ilgi azalmus, elektrikli araglara (EA’lar) yeniden ilgi
duyulmustur [2]. I¢ten yanmali motorlu (IYM) araglarin
kademeli olarak elektrikli araclarla (EA’lar) degistirilmesi
ulagim sektoriinde oldukea tesvik edilmektedir. 2050’ye
kadar Net Sifir Emisyon Senaryosu (Net Zero Emissions),
2030’da 300 milyonun iizerinde bir elektrikli otomobil
filosu ve yeni otomobil satiglarinin %60’n1 elektrikli
otomobillerin olusturdugunu dngérmektedir [3]. EA’larin
temel avantaji, yakit tasarrufu ile birlikte sehir kirliligini
ve karbon emisyonunu azaltma potansiyelleridir. EA’larin
ekonomik ve cevresel performansi, siirdiirebilir enerji
iretimi ile birlestiginde yiikselir ve akilli sarj stratejileri
uygulandiginda daha da iyilestirilir [4].

Sarj altyapisinin mevcudiyeti, EA’larin benimsenmesini
artirmada ¢ok Onemli bir faktérdiir. Normalde EA’larin
evde her gece yeniden sarj edilmesi beklenir, ancak
EA’larin sinirli menzili, uzun mesafeli yolculuklar igin
halka acik yerlerde sarj edilmesini bir gereklilik haline
getirir. Bu nedenle evde sarji tamamlayici olarak bir
kamusal sarj hizmetinin saglanmasi temel ihtiyag
olacaktir. Elektrikli ara¢ sarj istasyonlarinin, sarj
altyapisinin uygulanmasina yonelik yanlig planlamalar,
EA’larin benimsenmesini engelleyecektir. Bu nedenle,
sarj istasyonlarinin yerlesimi dogru bir sekilde
yapilmalidir [5].

Enerji sektorii, elektrikli arag sarji1 igin giivenli bir elektrik
kaynag1 saglamada kilit bir rol oynar. EA sarj
ihtiyaglarinin  esnek dogasi, sorunsuz entegrasyon
saglamak i¢in kullanilabilmektedir. Ancak diger tim
elektrik yiikleri gibi EA’lar da giic sistemini
etkilemektedir. Yeterli donanima sahip olmayan alanlar,
tedarik veya kalite sorunlar1 yasayabilmektedir [6]. Bu
nedenle artan maliyetler ve sera gazi emisyonlarl
yenilenebilir enerji kaynaklarina daha fazla ilgi
gosterilmesine neden olmusgtur. Giines ve riizgar enerjileri,
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tek kaynaktan daha yiiksek kalite ve giivenilirlige sahip bir
hibrit enerji sistemi olusturmak i¢in birlikte entegre
edilebilecek en erisilebilir ve oOnemli yenilenebilir
kaynaklardir [7]. Yenilenebilir enerjiye (glines ve riizgar
enerjisine) dayali sarj istasyonlari, fosil yakit tikketimini
azaltan, yatirim maliyetini optimize eden ve yenilenebilir
kaynaklar tarafindan {iretilen gilicteki dalgalanmalari
dengeleyen dost EA sarj istasyonlaridir [7].

Il. KAYNAK ARASTIRMASI [RESOURCE
RESEARCH]

Literatlir taramasi yapildiginda, HOMER Pro yazilim
kullanilarak, bir¢ok hibrit mikro sebeke sisteminin teknik
ve ekonomik analiz  ¢alismalarmin  yapildigi
goriilmektedir.

Adali [8], Bursa’nin Yildirim ilgesinde bir konutun
elektrik enerjisi ihtiyacini karsilamak amaciyla sebekeden
bagimsiz fotovoltaik (FV) + batarya ve sebekeye bagh FV
sistemlerden olusan giines enerjisi temelli hibrit enerji
sistemlerinin HOMER Pro kullanarak tasarimini
gerceklestirmistir.  Yapilan  analizler ~ sonucunda;
sebekeden bagimsiz sistemin toplam net buglinkii
maliyetini 71.386,04 TL, isletme maliyetini 85,06 TL,
kWh basina elektrik birim maliyetini 0,094 TL; sebekeye
bagl sistemin toplam net bugiinkii maliyetini 13.357,51
TL, isletme maliyetini 26,88 TL, kWh bagma birim
maliyetini 0,0075 TL olarak hesaplamistir. Konutlarda
sebekeye bagli sistemin enerji maliyetlerinin diisiiriilmesi
hususunda biiyiik avantajlarinin oldugu belirlenmistir.

Dawoud [9], Misir’in Hurgada sehrine hibrit yenilenebilir
kaynaklarla enerji saglamak igin, konutlara fotovoltaik,
riizgar tiirbinleri, dizel motorlar ve akiimiilatorlerden
olusan dort farkli hibrit yenilenebilir kaynagin bir
kombinasyonunu tasarlamigtir. Simiilasyon sonuglari,
optimizasyon ve modelleme islemleri HOMER yazilimi
kullanilarak  yapilmigtir.  Teknik  ve  ekonomik
degerlendirme  sonucunda; fotovoltaik-riizgar-dizel-
batarya kaynagmin yillik enerji maliyetinin minimum
degeri 0,275 $/kWh ve fotovoltaik-dizel kaynagin enerji
maliyetinin 0,36 $/kWh ile daha yiiksek bir maliyeti
oldugu hesaplanmigtir. Ayrica ¢evresel degerlendirmeye
gore, fotovoltaik-riizgar kaynaginin sifir emisyon degerine
sahip oldugu belirlenmistir. Elde edilen sonuglara gore,
yenilenebilir kaynaklarin uzun vadede bu sehir i¢in uygun
oldugu sonucuna ulagilmistir.

Kumar, Sethuraman ve Gopi Chennai bolgesinde bir
kurumun elektrik yiikii talebini karsilamak ve minimum
net mevcut maliyeti (Net Present Cost-NPC) elde etmek
icin HOMER Pro yazilimmi kullanarak iki optimum
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sistem modellemislerdir. Onerilen sistem modellemelerine
gore optimum-1 sistemi i¢in fotovoltaik, riizgar tiirbini ve
biyojeneratoriin  kapasite faktorii ve katki yiizdesi
strastyla; %79,41, %0,98, %19,61 ve %92,83, %0.,43,
%06,75 olarak bulunmustur. Optimum-2 sistem modeli i¢in
kapasite faktorii ve katki yiizdesi sirasiyla; %385,86,
%2,02, %12,12 ve %93,31, %0,82, %5,87 olarak
bulmuslardir. NPC ve enerji maliyeti (Cost Of Energy-
COE) iizerindeki degisimleri bulmak icin fotovoltaik,
riizgar tilirbini, pil, donistiiriicli, biyojeneratér ve yakit
maliyetini mevcut maliyetinin 0,8 ile 1,2 kati arasinda
ayarlanarak duyarhilik analizi yapilmistir. HOMER Pro
simiilasyon sonucuna gore elde edilen en uygun sistem, 81
kW fotovoltaik, 1 kW riizgar tiirbini, 20 kW biyogaz
jenerator, 47,3 kW doniistiiricii ve kursun asit
bataryadan (nominal 101 Ah/12V) olusan optimum-1
sistemi olmustur. 1,36 kWh/y1l enerji tiretmek igin 1,85 $
net mevcut maliyet hesaplamiglardir [10].

Kahraman, Kiitahya ilinin  yenilenebilir  enerji
potansiyellerinin teknik ve ekonomik analizini HOMER
ve RETScreen yazilmu kullanarak incelemistir.
Calismada giines enerji santrali ve riizgar enerji santrali
icin ayr1 ayn fizibilite ¢aligmasi ve maliyet analizi
yapilmig, geri 6deme siiresi, i¢ karlilik orani ve net
bugiinkii deger hesaplanmigtir [11]. Hailu Kebede ve
Bekele Beyede, Etiyopya’nin Nifasso adli tahmini 1059
niifusu olan kirsal koyti i¢in elektrik talebini siirdiiriilebilir
sekilde karsilayabilen giines, riizgar, yakit pili ve giic
kaynagi iinitesinden olusan, sifir emisyonlu bir hibrit gii¢
sisteminin tekno-ekonomik fizibilite ¢alismasi HOMER
programu kullanilarak gergeklestirmistir [12].

Mohamud ve ark. Eskisehir Osmangazi Universitesi
(ESOGU) kampiisine HOMER yazilimi kullamlarak
yenilenebilir kaynaklarla ve sebekeye bagli bir mikro
sebeke sistemi tasarlamis ve  optimizasyonunu
gerceklestirmislerdir. Tasarlanan mikro sebeke sistemi,
fotovoltaik (FV) ve riizgar tlirbini (RT) dniteleri ile
batarya enerji depolama sistemine sahip ve sebeke
baglantisindan olusmaktadir [13]. Tirrkdogan ve ark.
Yalova’nin Erikli Yaylasinda bir g¢iftlik evinin elektriksel
yiik ihtiyacini karsilamak tizere sebekeden bagimsiz hibrit
enerji sisteminin ekonomik analizini yapmuslardir. Ciftlik
evinin elektriksel yiik ihtiyacini1 hesaplamis, riizgar hizi ve
giines radyasyon verileri  kullanarak, HOMER
programiyla hibrit enerji sistem modeli olusturmuslardir
[14].
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I1l. TEORIVE YONTEM [THEORY AND
METHODOLOGY]

A. HOMER Pro Programi

Coklu Enerji Kaynaklarinin  Hibrit Optimizasyonu
HOMER (Hybrid Optimization of Multiple Energy
Resources) Pro programu, hibrit kaynaklar1 arastirmak i¢in
genel bir yazilimdir. Amerika Birlesik Devletleri’ndeki
NREL (National Renewable Energy Laboratory) Ulusal
Yenilenebilir  Enerji  Laboratuvari, HOMER Pro
programini olusturmustur. HOMER Pro, giines ve riizgar
verileri gibi girdi degiskenlerinin saatlik analizine
dayanarak, gerekli yiikii karsilayan bilesenlerin en diisiik
maliyetli kombinasyonunu bulmaya yardimci olmaktadir.
Yillik yiikii karsilayan sistemler igin yasam dongiisii
maliyeti yazilim tarafindan tahmin edilmektedir. HOMER
Pro, sebekeye bagli veya sebekeden bagimsiz, geleneksel
veya Yyenilenebilir teknolojiler gibi farkli sistemlere
uygulanabilmektedir. [15].

HOMER Pro ayn1 zamanda, ¢esitli teknolojik segeneklerin
ekonomik ve teknik fizibilitesinin degerlendirilmesini
saglayan duyarlilik analizinin gerceklestirilmesi igin bir
ozellik saglamaktadir. Bu 6zellik, yillik ortalama riizgar
hizi, yillik ortalama gilines radyasyonu, dizel fiyati veya
FV hiicrelerinin fiyat1 gibi belirli bir girdinin tam
degerinden stiphe duyuldugu zaman da
kullanilabilmektedir. Duyarlilik analizi, bir y1l boyunca
(8.760 saat) saatlik olarak enerji dengesi hesaplamalari
yapmaktadir. Her saat icin elektrik yiikiinii sistemin o saat
boyunca saglayabilecegi enerji ile karsilastirmaktadir.
Duyarlilik analizi yapilirken degerdeki degisimlerin
sonuglar tizerindeki etkisinin incelenebilmesi igin
araliktaki her bir giris degeri i¢in optimizasyon iglemi
tekrarlanmalidir [12, 16].

Programi c¢alistirdiktan sonra sonuglar, kullanim omrii
maliyetine gore siralanmig uygun sistem
konfigiirasyonlarimin bir listesi olarak verilmektedir.
Sonuglardan, listenin ilk birka¢ satirinda gdsterilen en
diisiik maliyetli sistemler uygulama igin segilebilmektedir.
Tasarimer ayrica listedeki diger uygulanabilir sistemleri
tarayabilmekte ve kurulumun artilarimi ve eksilerini
maliyet, yenilenebilir kaynak katkisi, bilesenlerin
gelecekteki fiyat egilimi vb. agisindan degerlendirerek
herhangi bir kurulumu almaya karar verebilmektedir.
HOMER Pro, girdileri net mevcut maliyetlerine gore
stralanan farkli uygun sistem konfigiirasyonlar1 saglamak
icin kullanmaktadir [16].

HOMER Pro, enerji sistemlerini simiile eder, maliyete
gore optimize edilmig sistem yapilandirmalarini gdsterir
ve duyarlilik analizi yapar [17]. HOMER Pro’nun
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optimizasyon, duyarlilik analizi ve simiilasyon arasindaki
iligki Sekil 1°de gosterilmistir.

Sekil 1. Simiilasyon, optimizasyon, duyarlilik analizi arasindaki
iligki

HOMER Pro programinin temeli simiilasyondur.
Tasarlanan bulunmasini istedigimiz biitiin ekipmanlarin
olasiliklart i¢in uygun bir sistemi simiile etmeye
calismaktadir. Optimizasyon adiminda tiim simiilasyon
seceneklerini bulur tanimlanan kriterlere gore siralar ve
filtreler, boylece miimkiin olan en iyi secenekler
gosterilmektedir. Duyarlilik analizi, riizgar hiz1 ve yakit
maliyetleri gibi kontrol edilemeyen degiskenlerin
belirsizliklerinin etkisini modellemeye ve en uygun
sistemin degisimini gostermektedir [18].

B. Ekonomik Kriterler

Bir sistem tasarlanirken her bir elemanin maliyeti
diistiniilmesi gerekmektedir [19]. Tasarlanan hibrit sistem
modelinin maliyet analizi HOMER Pro hesaplama aract
ile yapilmustir. Maliyet 6zeti; net bugiinkii maliyet (Net
Present Cost-NPC), baslangi¢ maliyeti (Initial Cost-IC),
isletme ve bakim maliyeti (Operation and Maintenance-
O&M), seviyelendirilmis enerji maliyeti (Levelized Cost
of Energy-COE)’nden olugsmaktadir. Bir bilesenin
bugiinkii net maliyeti, tiim proje 6mrii boyunca bilesenin
kurulmasi ve ¢alistirilmasindan, tiim bilesenlerin bugiinkii
degeri ve proje Omrii boyunca elde ettigi gelirlerin
cikarilmasiyla bulunmaktadir. Bugilinkii net maliyet
degerlerinin eksi deger almasi {ireticinin kazang elde ettigi
manasina gelmektedir. [8, 20]. Bir bilesenin baslangig
maliyeti (IC), projenin baslangicinda o bilesenin kurulu
toplam maliyetidir. Isletme ve bakim maliyeti (O&M),
bilesenin c¢alistirilmas1  ve siirdiiriilmesi maliyetidir,
genellikle yillik tutar olarak hesaplanmaktadir.

HOMER Pro programinda seviyelendirilmis enerji
maliyeti (COE), iiretilen elektrik enerjisinin kilovatsaat

basina ortalama maliyeti olarak tanimlanmaktadir. COE
Denklem 1 ile hesaplanmaktadir [21].

_ ChpoilerHserved
COE = Cann,tot - E (1)
served

Bu denklemde; COE ($/kWh) seviyelendirilmis enerji
maliyetini, Cgpnror ($/y1l) sistemin toplam yillik
maliyetini, cpirer ($/kWh) kazan marjinal maliyetini,
Hgorvea (KWh/yil) toplam termal yiikii, Eggppeq (KWh/y1l)
toplam elektrik yiikiinii olusturmaktadir. Paydaki ikinci
terim, yillik maliyetin termal yiikten kaynaklanan
kismidir. Riizgar veya FV gibi termal yiik tasimayan
sistemlerde (Hggppeq=0) bu terim sifirdir.

C. Fotovoltaik Giic Hesabi
HOMER Pro programinda FV gii¢ ¢ikis hesabi Denklem
2’deki gibi elde edilmektedir [21, 22].

Gr
Gr,sTK

Pry = Yy frv ( )1+ oy(Tec—Tc STK)] )
Bu denklemde; Y, (kW) fotovoltaik (FV) sistemin
nominal giiciinii, fry (%) FV sistemin deger kaybi
faktoriinii  (Panellerin  kirlenmesi, kablo kayiplari,
gblgeleme vb.), Gr (KW/m?) anlik zamanda FV panel
lizerine diigen giines 1smimini, Gr stk (1 KW/m?) standart
test kosullarinda (25°C hiicre sicakligi ve riizgarsiz
standart test kosullarr) 1smimi, ap, (%/°C) giig sicaklik
katsayisini, T, (°C) anlik zamanda FV hiicre sicakligini,
Tcsrk (25°C) standart test kosullarinda FV  hiicre
sicakligini ifade etmektedir.

Fotovoltaik (FV) hiicre sicakligi, FV panel yiizeyinin
sicakligidir. Gece boyunca ortam sicakligr ile aymidir
ancak tam giines altinda hiicre sicakligi ortam sicakligini
30°C veya daha fazla asabilmektedir. Ortam sicakligindan
ve diziye carpan iginimdan hiicre sicakligini Denklem
2’deki gibi elde edilmektedir [21, 22].

Te =Ta+ Gy (TC,NOCT_Ta,NOCT> (1 _ E) @)

Gt NocT Ta

Bu denklemde; Ta (°C) ortam sicakligt, T yocr (°C) FV
hiicre nominal ¢alisma sicakligi (FV sistemin 0,8 kW/m?
giines 1s1nimina, 20°C ortam sicakligina ve 1 m/s riizgar
hizina maruz kalmast durumunda ulastifi yiizey
sicakhgidir.), Ty yocr (°C) nominal galisma sicakligmin
tanimlandigi ortam sicakligi, Gr yocr (KW/m?) nominal
caligma sicakliginin tanimlandigi giines 1smimi, 1. (%)
FV panel verimliligi, t (%) FV giines gecirgenligini, a (%)
FV sisteminin sogurma oranidir.
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D. Riizgar Tiirbin Gii¢ Hesabi

HOMER Pro programinda, ii¢ asamali bir siireg
kullanilarak her zaman adiminda riizgar tiirbininin gii¢
¢ikisini  hesaplamaktadir. Ilk olarak riizgar tiirbininin
gobek yiiksekligindeki riizgar hizin1 hesaplamakta, daha
sonra standart hava yogunlugunda riizgar tiirbininin bu
rlizgar hizinda ne kadar giig iirettigini hesaplamakta ve son
olarak bu gii¢ ¢ikis degerini gergek hava yogunluguna goére
ayarlamaktadir. Gobek yliksekligi riizgar hizi hesabi
Denklem 3’teki gibi elde edilmektedir [23, 24].

n(Znub/Zo) (3)

Uhub = Uanem - n(Zanem/Zo)

Bu Denklemde; Uhub (m/s) riizgar tiirbininin gobek
yiiksekligindeki riizgar hizini, Uanem (m/s) anemometre
yiiksekligindeki riizgar hizini, 2z, (M/S) rizgar
tirbininin gobek yiiksekligini, zgnem (M) anemometre
yiiksekligini, z, (m) yiizey piriizlilik uzunlugunu, In
dogal logaritmay1 ifade etmektedir.

Gobek yiiksekligindeki riizgar hizi belirlendikten sonra,
standart sicaklik ve basing kosullart altinda, riizgar
tiirbininden o riizgdr hizinda beklenen giic c¢ikisini
hesaplamak i¢in Denklem 4 kullanilmaktadir [23, 24].

Pyre = (p%) * Pwrg,stp 4

Bu Denklemde; Pyyrq (KW) riizgar tiirbini ¢ikis giliclind,
Py stp (KW) standart sicaklik ve basingta riizgar tiirbini
cikis giiciinii, p (kg/m®) mevcut hava yogunlugunu, p,
(1,225 kg/m®) standart sicaklikta ve basingta hava
yogunlugunu ifade etmektedir.

E. Arastirma Verileri

1) Batman Universitesi Bati Raman Kampiisii

Batman Universitesi Bati Raman Kampiisii, haritada 37°
47’ 22>’ K enleminde ve 41° 03’ 53’ D boylaminda
bulunmaktadir, Sekil 2’de yer almaktadir.
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Batman Universitesi Bati Raman Kampiisti

Oymatag

Sekil 2. Batman {iniversitesi konumu

2) Giines Ve Riizgdr Enerji Potansiyelleri

Sekil 3’te goriildiigii gibi Batman ilinin minimum 1§inim
degeri 1,77 kWh/m?/giin ile aralik aymnda, maksimum
isinim  degeri 6,78 kWh/m?/giin ile temmuz ayinda

goriilmektedir. Yillik ortalama 1smmim degeri 4,318
KWh/m?/giin’diir [25].
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Sekil 4’te minimum gilineslenme siiresi 3,92 saat ile aralik
ve ocak aylarinda, maksimum giineslenme siiresi 12,09
saat ile temmuz ayinda goriilmektedir. Yillik ortalama
giineslenme siiresi ise 7,906 saat olarak hesaplanmistir

[25].

Enerji ve Tabii Kaynaklar Bakanligi (ETKB) tarafindan
yayimlanan verilere gore, Batman ilinin 100 metrede
minimum riizgar hizi 1,60 m/s, maksimum riizgar hiz1 8,21
m/s olarak Ol¢iilmiistiir. Yillik ortalama riizgar hiz1 4,002
m/s’dir. Sekil 5’te Batman ili riizgar hizi dagilim
gosterilmistir [26, 27].

Riizgar Hiz1
(m/s)
. 2
Bl 35
. 4
. 45
s
N 5.5
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. 7.5
ki
85
|
o5
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Sekil 5. Batman ili riizgar hizi dagilimi (m/s)

ETKB tarafindan yayimlanan verilere gore, 100 metrede
minimum gii¢ yogunlugu 13,81 W/m? maksimum giig
yogunlugu 558,92 W/m? olarak olgiilmiistiir. Yillik
ortalama riizgar gii¢ yogunlugu 122,45 W/m? olarak
hesaplanmigtir [26, 27]. Sekil 6’da Batman ili riizgar giig
yogunlugu dagilimi gosterilmistir.

Riizgar Gii¢
Yogunlugu
(W/m2)

.o
N 100
. 200
Batman 300
B 400
500
600
. 700
N 800
I %00
I 1000

Sekil 6. Batman ili riizgar gii¢ yogunlugu dagilimi (W/m?)
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3) VYiik Profili

Batman  Universitesi Bati  Raman Kampiisii’ne
yenilenebilir kaynaklar (glines ve riizgar enerjisi) ile
elektrikli ara¢ sarj istasyonu enerji ihtiyact i¢in hibrit
mikro sebeke tasarimi gergeklestirilmigtir. Giinliik elektrik
enerjisi ortalama tiiketim degeri 51,07 kWh/giin olarak ve
pik yiik degeri 10.46 kW olarak hesaplanmustir.
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Sekil 7. Giinliik ortalama elektrik tiiketim grafigi
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Sekil 7°de giinlik ortalama elektrik tiiketim grafigi
verilmistir. Kampiiste gece mesai olmadigi icin gece
saatlerinde herhangi bir tiiketim yoktur.

F. Hibrit Sistem Modeli

Universite kampiisiimiiz i¢in hibrit sistem modeli Sekil
8’de gosterilmistir.

AA DA
Elektrik Yiikii | 90 kW Giineg Paneli
Q

51.00 kWh/d

10.45 kW peak
2x5kW Riizgar Tirbini| Konvertor
Sekil 8. Hibrit sistem modeli
Sekil 8’de sebekeye bagli hibrit sistem modeli

goriilmektedir. Bu model olusturulurken Universitemiz
kampiisiine 2 ara¢ kapasiteli sarj istasyonunun elektrik
ihtiyacini kargilayabilecek bir model tasarlanmustir. Sekil
7’de gosterilen gilinlik elektrik tiiketim grafigi sarj
istasyonunun c¢ekecegi tahmini elektrik yiik miktarim
belirtmektedir. Hibrit sistem modeli tasarlanirken anlik
iiretilebilecek elektrik miktarinin meteorolojik ve teknik
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sartlara bagli degiskenlik gosterebilecegi ayrica elektrikli
araclarin giin gectikce yayginlagmasindan dolay1 gelecek
yillarda talebin artacagi degerlendirilmektedir. Bu sebeple
sarj istasyonu kapasitesinin gelecek yillarda artacag:
diistiniilerek, hibrit sistem boyutu 100 kW olarak
secilmistir.

Hibrit sistem modelinin tasariminda, yenilenebilir enerji
kaynaklarindan en ¢ok kullanilan, fotovoltaik (FV) ve
riizgar tirbin (RT) sistemleri kullanilmistir. Giines ve
riizgar enerji potansiyel degerleri Sekil 3, Sekil 4, Sekil 5
ve Sekil 6’da gosterilmistir. Degerler incelendiginde
Batman ilinin giines enerji potansiyeli, riizgar enerji
potansiyelinden daha biiyiik oldugu goriilmektedir. Tablo
1’de maliyet Ozetine baktigimizda, 90 kW boyutunda
fotovoltaik sistemin kurulum maliyetinin 40.500 $ ve 10
kW boyutunda riizgar tiirbin sisteminin kurulum maliyeti
ise 20.000 $’dir. Birim maliyet olarak hesaplanirsa
fotovoltaik  sistemin ~ daha  ekonomik  oldugu
goriilmektedir. Bu sebeple fotovoltaik sistem boyutu 90
kW, riizgar tiirbin sistem boyutu 10 kW olarak secilmistir.
Sebekeye bagli bir sistem segilmesinin nedeni olumsuz
hava kosullarinda ve yeterli enerji iiretilmedigi
durumlarda sebekeden beslenmek i¢indir.

Fotovoltaik (FV) sistemin adi1 Jinko Solar JKM350M-72-
J4 350 W’tir, nominal kapasite 350 Wp (Watt-peak)
degerine sahiptir. Sicaklik katsayisi 44.9 °C, verimlilik
%13’tiir ve 90 kW boyutundadir. Riizgar tiirbinin adi
AWS HC 5 kW, 2 adettir ve toplam giicii 10 kW’tir. 1 adet
100 kW boyutunda standart konvertor bulunmaktadir.

G. Simiilasyon Sonuglart

1) Maliyet Ozeti

Tablo 1°de goriildiigii gibi sermaye toplami 66.500 $,
yenileme maliyeti 2.545,64 $ ve toplam 8.599,82 $ kazang
elde edilmektedir. Konvertor yenileme siiresi 15 yil, diger
bilesenlerin yenileme siiresi 25 y1l olarak hesaplanmustir.
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Tablo 2.

Ekonomik degerler
IRR Geri Odeme Siiresi NPC LCOE
(%) (y1) (%) (%)
% 13 7 8.599,82 $ 0,0045 $

IRR: ¢ getiri oram (Internal rate of return), NPC: Net bugiinkii maliyet (Net
Present Cost), LCOE: Seviyelendirilmis enerji maliyeti (Levelized cost of

energy)

Tablo 2 incelendiginde i¢ getiri oram1 %13, sistem
amortisman siiresi 7 yil, birim enerji fiyatinin ise 0,045 $
oldugu goriilmektedir.

2) Enerji Uretimi
Sekil 9’da fotovoltaik
goriilmektedir.

sistem gic c¢ikis grafigi

FV Giig Cikist

100 kw

80 kw

&

60 kw

R

40 kw

Giiniin Saati

20 kw

0 kw

180
Yilin Giing

Sekil 9. Fotovoltaik Gii¢ Cikist

Tablo 3.
Fotovoltaik sistem gii¢ ¢ikis degerleri
Miktar Deger Birimler

Minimum Cikis 0 kW
Maksimum Cikis 90,4 kW
Ortalama Cikis 386 kWh/giin
Caligma Saati 4.386 h/yil
Kapasite Faktorii 17,9 %
Toplam Uretim 140.757 kWh/y1l

Tablo 1.
Maliyet 6zeti
Bilesen Sermaye Yenileme Isletme Toplam
Maliyeti &Bakim
®) ®) ®) ®)

Riizgér Tiirbini 20.000 $ 0% 12.92752$ 3292752 %
Giines Paneli 40.500 $ 0% 6.463,76 $  46.963,76 $
Sebeke 0% 0% 79.357,98$% 79.357,98 $
Konvertor 6.000 $ 2.545,64 $ 0% 8.545,64 $
Sistem 66.500 $ 254564% 59.95023$%  8.599,82 %

k: 10°, W: Watt, h: Saat

Tablo 3’te FV sistem gii¢ ¢ikis degerleri gosterilmistir.
Minimum gii¢ ¢cikigi 0 KW, maksimum gii¢ ¢ikis1 90,4 kW
ve ortalama gii¢c ¢ikis degeri 386 kWh/giin olmustur.
Giines panelleri yilda 4.386 saat galigmaktadir. Toplam
Uretim 140.757 kWh/y1l’dir.

Sekil 10’da fotovoltaik
goriilmektedir.

sistem gi¢ ¢ikig grafigi
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Sekil 10. Riizgar Tiirbin Giig Cikist

Tablo 4.
Riizgér tiirbin gii¢ ¢ikis degerleri
Miktar Deger Birimler

Minimum Cikig 0 kw
Maksimum Cikig 12,7 kw
Ortalama Cikis 1,21 kW
Calisma Saati 6.746 h/yl
Kapasite Faktorii 11,9 %
Toplam Uretim 10.600 kWh/y1l

Tablo 4’te RT sistem gii¢ ¢ikis degerleri gosterilmistir.
Minimum gii¢ ¢ikis1 0 KW, maksimum gii¢ ¢ikis1 12,7 kW
ve ortalama gii¢ ¢ikis degeri 1,21 KW olmustur. Riizgar
tiirbinleri y1lda 6.746 saat calismaktadir. Toplam Uretim
10.600 kWh/y1l’dir.

Sekil 11°de konvertdr ¢ikisi goriilmektedir.

Konvertir Cikist

100 kW
80 kw
{160 ki

40k
kW
ki

1 90 180 0 365

Yilin Giind

Sekil 11. Konvertor Cikist

Tablo 5.

Konvertor ¢ikis degerleri

Miktar Deger Birimler

Minimum Cikis 0 kWh/y1l
Maksimum Cikis 85,9 kWh/y1l
Ortalama Cikis 15,3 kWh/y1l
Calisma Saati 4.386 h/yil

Kapasite Faktorii 15,3 %

Bilim, Teknoloji ve Miihendislik Arastirmalari Dergisi, (2023) - 4(2): 100-111

Tablo 5’te konvertor gii¢ ¢ikis degerleri gosterilmistir.
Minimum gii¢ ¢ikigi1 0 KW, maksimum gii¢ ¢ikis1 85,9 kW
ve ortalama gii¢ ¢ikis degeri 15,3 kW olmustur. Konvertor
yilda 4.386 saat ¢aligmaktadir.

Tablo 6.
Kullanim degerleri
Bilesen Miktar Yiizde
(KWh/y1l) (%)
Jinko Solar JKM350M 140.757 % 91,2
AWS HC 5 10.600 % 6,87
Sebeke alimi 2.931 % 1,90
Toplam 154.288 % 100

Tablo 6’da yillik elektrik kullanim degerleri verilmistir.
Buna gore giines panellerinden elde edilen enerji tim
sistemin %91,2’sini, riizgdr tirbinlerinden elde edilen
enerji  %6,87’sini, sebekeden alim ise 9%1,90’ 11
olusturmakta ve toplam 154.288 kWh/y1l elektrik
kullanilmaktadir. Sekil 12’de aylik elektrik kullanimi
grafigi gosterilmistir.
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Sekil 12. Aylik elektrik kullanimi

3) Enerji Alim-Satim Degerleri
Sekil 13’te Sebekeden satin alinan enerji grafigi ve
Sekil14’te Sebekeye satilan enerji grafigi gosterilmistir.

Sebekeden Satin Alinan Enerjt
B AT
:
v
1 % 180 0 365
Yilmn Giini

Sekil 13. Sebekeden satin alinan enerji
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Sekil 14. Sebekeye satilan enerji

Tablo 7.
Enerji alim-satim degerleri
Aylar Alinan Satilan Satin Alinan Pik Enerji
Enerji Enerji Net Enerji Yiik Ucreti
(kWh) (KWh) (KWh) (KW) %)
Ocak 317 8.394 -8.077 4,73 -387,99 $
Subat 207 9.016 -8.809 411 -430,10 $
Mart 257 11.214 -10.957 4,17 -534,99 $
Nisan 244 11.218 -10.974 4,07 -536,48 $
Mayis 208 12.288 -12.080 4,47 -593,62 $
Haziran 158 12.641 -12.483 487  -616,26$
Temmuz 153 12.626 -12.473 354  -61597%
Agustos 222 12.412 -12.190 3,72 -598,40 $
Eylil 242 12.190 -11.948 4,48 -585,26 $
Ekim 266 10.030 -9.763 4,35 -474,85 $
Kasim 315 8.884 -8.569 5,63 412,72 $
Aralik 341 7.698 -7.356 5,19 -350,75 $
Yillik 2931 128.609 -125.679 5,63 -6.137 $

Enerji maliyet degerlerinin eksi deger almasi lireticinin
kazang elde ettigi manasina gelmektedir [8, 20]. Tablo 7
incelendiginde yillik alinan enerji 2931 kWh, satilan enerji
128.609 kWh ve satin alinan net enerji -125.679 KWh’tir.
Yillik enerji ticretinden 6.137 $ kar elde edilmektedir.

4) Emisyon Degerleri

Tablo 8.
Emisyon degerleri
Miktar Deger Birim
Cco2 1.852 kg/yil
SO2 8,03 kg/yil
NO2 3,93 kg/yil

CO2: Karbondioksit, SO2: Kiikiirt dioksit, NO2: Azot dioksit

Tablo 8’de yillik emisyon degerleri gosterilmektedir.
Sebekeye bagli bir sistemi simiile ederken HOMER Pro
programi, toplam sebeke satin alimlarindan toplam sebeke
satiglarinin ¢ikarilmasiyla, elde edilen net sebeke satin
alimlarim hesaplamaktadir. Net sebeke alimlartyla iligkili
her kirleticinin emisyonunu hesaplamak icin HOMER Pro,
net sebeke satin alimlarini (kWh cinsinden) her kirleticiye
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iliskin ~ emisyon  faktoriiyle  (g/kWh  cinsinden)
carpmaktadir [28]. Tirkiye Ulusal Elektrik Sebekesi
Emisyon Faktorii, yenilenebilir enerji kaynakli elektrik
dretimi ile saglanacak sera gazi salim azaltim
hesaplamalarina yonelik faktorlere yer vermektedir. Yeni
kurulacak bir giines ya da riizgar enerji santrali ile
tiretilecek her 1 kWh’lik elektrik i¢in 0,6488 kg CO2
emisyondan  kaginilacagimi  hesaplamuslardir  [29].
Sonugclar incelendiginde yenilenebilir enerji kullanimu ile
emisyon degerleri  disik  seviyelere  ¢ekildigi
gbzlemlenmektedir.

5) Ekonomik Karsilastirma

HOMER Pro, simiilasyon ¢iktis1 olarak bdlgeye
kurulabilecek farkli sistem analizi yapmaktadir. Yapilan
analizde ilk olarak sebekeye bagli hibrit sistemin
ekonomik degerlemesini yapmustir, Tablo 1 ve Tablo 2°de
gosterilmistir. Ikinci secenek olarak yalniz sebekeye baglh
rliizgar tiirbin sisteminin ekonomik analizini yapmustir.
Hibrit sistem ve riizgar tlirbin sisteminin ekonomik
karsilastirmasi Tablo 9’da gosterilmistir.

Tablo 9.
Ekonomik karsilagtirma
Bilesen Hibrit Sistem Riizgar Tiirbin
(100 kW) Sistemi (10 kW)
/%\ + #F 4 5§i /é\ + —g—
Sermaye ($) 66.500 $ 20 000 $
Yenileme Maliyeti ($) 2.545,64 $ 0$
Isletme &Bakim ($) 59.950,23 $ 25.492,10 $
Toplam ($) 8.599.82 $ 45.492,10 $
NPC ($) 8.599.82 $ 45.492,10
LCOE (%) 0,0045 $ 0,1598 $

Tablo 9 incelendiginde hibrit sistemin toplam buglinkii
maliyeti 8599,82 §, riizgar tiirbin sisteminin toplam
bugiinkii maliyeti ise 45.492,10 $’dir. Seviyelendirilmis
enerji maliyeti sirasiyla 0,0045 $, 0,1598 $’dir.

HOMER Pro’da yapilan analiz sonucunda kazangh
sistemin hibrit sistem oldugu ve yillara gore kazang
sagladigi, en diisilk maliyetli sistem olarak Sekil 15°te
gosterilmistir. Riizgar tiirbin sistemi ise yillara gore
baglangi¢ durumundan zarar ettigi hesaplanmig ve temel
durum olarak Sekil 15°te gosterilmistir.
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Sekil 15. Hibrit ve riizgar tiirbin sisteminin ekonomik
karsilastirmasi

IV. SONUC VE DEGERLENDIRME [CONCLUSION]

Bu c¢alismada Batman Universitesi Bati Raman
Kampiisiine, yenilenebilir kaynaklar ile hibrit mikro
sebeke tasarimi yapilmis, teknik ve ekonomik analiz
HOMER Pro programi kullanilarak gergeklestirilmistir.
Calismada, elektrikli ara¢ sarj istasyonunun enerji
ihtiyacinin  karsilanmas1 amaglanmistir.  Yenilenebilir
kaynak kullanimi ile daha temiz bir cevre ve diisiik
emisyon degerleri ile yesil enerjiye katki saglanmaktadir.
Sebekeye bagli bir sistem yapilmasmin nedeni pil
maliyetinden kurtulmak ve kesintisiz enerji saglamaktir.

Yapilan analiz sonucunda, Batman ilinin gilines enerji
potansiyelinin, riizgar enerji potansiyelinden daha fazla
oldugu tespit edilmistir. Giines paneli kapasite faktorii
%17,9 ve riizgar tiirbini kapasite faktorii %11,9 olarak
gergeklesmistir.  Hibrit  sistem tasarimi 100 kW
boyutundadir. Fotovoltaik sistem boyutu 90 kW, riizgar
tirbin sistem boyutu 10 kW secilmistir. Hibrit sistemin
kurulum maliyeti 66.500 $, sistem amortisman siiresi 7 yil,
birim enerji maliyeti 0,0045 $ ve bugiinkii net maliyet
8.599,82 $ olarak hesaplanmustir. Tim sistemin
%98,10’luk kismi yenilenebilir enerji ile %1,90°Tik kismi
sebeke alimindan saglanmaktadir. Yenilebilir enerji
kaynaklarimim %91,2’lik kismi fotovoltaik (FV) sistem,
%06,87’lik kismu ise riizgar tiirbin (RT) sisteminden
olusmaktadir. Sebekeden alinan enerji 2931 kWh/yil,
satilan enerji 128.609 kWh/y1l olmustur. Yillik enerji
ticretinden 6.137 $ kar elde edilmektedir. HOMER Pro
programinda optimum sistem i¢in ekonomik karsilagtirma
yapilmistir. Yapilan karsilastirma da hibrit sistem daha
kazancli ¢ikmistir.
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the performance of the existing building stock. According to Turkey Building Earthquake
Code-2018 (TBEC-2018), existing public buildings are classified as buildings that should be
used after an earthquake. For this reason, it is important for public buildings to remain standing
so that they can continue to serve after a possible major earthquake. In the scope of this study,
the structural seismic performance of an existing reinforced concrete public building has been
evaluated by Protastructure computer software. First of all, the conformity of the carrier system
to the static project has been inspected on site. Then, material tests have been carried out to
determine the existing reinforcement condition and concrete strength. In the light of the
information obtained, the structure has been modelled three dimensionally in the computer
environment. By entering the location, local soil class, concrete class and reinforcement details
of the existing building, the damage conditions in the structural members and accordingly the
structural system safety of the building have been determined by non-linear pushover analysis
method. According to the analysis results for different seismic levels, there are several vertical
members in the collapse region. For this reason, it is seen that the structure has not provided
the targeted performance levels. Finally, obtained results are presented by tables and figures
and evaluations have been carried out.

Figure A. Structural model

Aim of Article: It is aimed to investigate the seismic performance of an existing reinforced
concrete public building.

Theory and Methodology: Concrete, reinforcement and soil properties of the building is obtained
and non-linear analysis is performed to determine the damage situations of the structural members.
Afterwards, performance of the building is obtained according to TBEC-2018.

Findings and Results: Damage states of the structural members are obtained for two different
seismic levels. The results are presented by tables and figures.

Conclusion: Finally, it is seen that many horizontal and vertical members appear in the collapse
damage region. So, it is concluded that the investigated building does not provide the expected
performance level. Strengthening or reconstruction of the building shall be considered.
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Aktif fay hatlarimin yogun olarak bulundugu iilkemizde, siklikla degisik biiyiikliiklerde
depremler meydana gelmektedir. Yaganan son yikici depremler ile birlikte mevcut yapt
stokunun performansinin degerlendirilmesi icin ¢calismalar giderek hiz kazanmistir. Tiirkiye
Bina Deprem Yoénetmeligi-2018’e (TBDY-2018) gore mevcut kamu binalari, deprem
sonrasinda kullanilmasi gereken bina sinifina girmektedir. Bu sebeple, kamu binalarinin olasi
biiyiik bir deprem sonrasinda hizmete devam edebilmeleri icin ayakta kalmalar: onemlidir. Bu
calisma kapsaminda, mevcut betonarme bir kamu binasimin yapisal deprem performansi
Protastructure bilgisayar yazilimi kullanilarak degerlendirilmistir. Oncelikle, tastyici sistemin
statik projeye uygunlugu yerinde denetlenmistir. Ardindan, mevcut donati durumu ve beton
dayamiminin belirlenmesi amaciyla malzeme testleri gerceklestirilmistir. Elde edilen bilgiler
wiginda, yapt ii¢ boyutlu olarak bilgisayar ortaminda modellenmistir. Mevcut binaya ait
konum, yerel zemin swnifi, beton sinifi ve donati detaylar girilerek dogrusal olmayan itme
analizi yontemi ile yapisal elemanlarda olusan hasar durumlar: ve buna bagli olarak yapinin
taswyict sistem giivenligi  belirlenmistiv. Farkli deprem diizeyleri icgin yapilan analiz
sonug¢larina gére, gé¢me bolgesinde bir¢ok diisey tasiyici eleman bulunmaktadir. Bu sebeple,
yapimn hedeflenen performans diizeylerini  karsilamadigi  goriilmiistiir. Son  olarak,
calismadan elde edilen sonuglar tablolar ve sekiller halinde sunulmug ve degerlendirmelerde
bulunulmugtur.

Anahtar Kelimeler: [tme analizi, Mevcut kamu binasz, TBDY-2018, Tasiyic: eleman
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I. GIRIS [INTRODUCTION]

Tirkiye, cografi konum itibariyle Alp-Himalaya deprem
kusagi iizerinde yer almaktadir ve ilkemizi etkileyen
Kuzey Anadolu Fay Hatti, Dogu Anadolu Fay Hatt1 ve
Bat1 Anadolu Fay Hatt1 olmak {izere 3 adet temel fay hatt
bulunmaktadir. Bu sebeple, niifusun biiyiik bir bolimii
deprem riski ile karsi karsiyadir. Tarihsel donemlerdeki
deprem aktiviteleri incelendiginde, iilkemizde deprem
tehlikesinin ne denli yiiksek oldugu anlasilmaktadir.
Gecmiste yasanan biiylik depremler neticesinde, dnemli
can ve mal kayiplart meydana gelmistir.

Glinlimiizde hali hazirda kullanilmakta olan TBDY-
2018’de gerek yeni yapilacak binalar i¢in tasarim esaslari,
gerekse de mevcut bina tasiyict  sistemlerinin
degerlendirilmesi icin analizi adimlar1 ayrmtili olarak
tanimlanmstir [1]. Ayrica, kullanilacak malzeme kalitesi
ve yerel zemin smiflart ile ilgili gilincellestirilmeler
yapilmigtir. Bunun yaninda, Tiirkiye Deprem Tehlike
Haritas1 (TDTH) ile yapiya ait koordinatlar girilerek, farkl
deprem diizeyleri igin spektrum parametreleri ifade
edilmistir [2]. Bu parametreler, binalarin performans
degerlendirmelerinde kullanilmaktadir.

Betonarme binalarda dikkat edilmesi gereken konularin
basinda, yiik aktariminin dogru sekilde olusturulmasi
gelmektedir. Betonarme bir tasiyici sistemde yiik aktarimi
genel olarak dosemelerden kirislere, kolonlara ve
temellere seklinde meydana gelmektedir. Bu sebeple,
yiiklerin yapi igerisinde saplama kiris vb. gibi uygulamalar
neticesinde fazla dolagsmadan en kisa yoldan temele
aktarilmasi1 Onemlidir. Yasanan depremlerin ardindan
incelenen binalarda olusan hasarlar incelendiginde bazi
hatalarin farkli yerlerde tekrarlandigi goriilmektedir.
Projelendirme agamasinda yapilan hatalar, diisiikk malzeme
kalitesi, uygulama hatalari, birlesim bdlgelerinde donati
eksikligi, kisa kolon ve yumusak kat olusumu bu
hatalardan bazilaridir.

Yasanan son yikici depremler neticesinde, mevcut
fonksiyonlar1 sebebiyle depremden sonra hizmete devam
etmesi gereken mevcut kamu binalarmin
performanslarmin degerlendirilmesi daha fazla 6nem
kazanmustir. Kamu yap1 stokunda, hazirlanan tip projeler
ile farkli bolgelerde benzer mimari ile yiiriirlikteki
deprem yoOnetmeligine gore insa edilen binalar
bulunmaktadir. TBDY-2018’de tanimlanan yeni esaslar
gbz Oniine alindiginda, Ozellikle eski deprem
yonetmeliklerine gore projelendirilen kamu binalarinin
tagiyict sistem giivenliklerinin incelenmesi oncelik arz
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etmektedir. Literatiirde, tilkemizdeki kamu binalarinin
performanslariin incelendigi ¢alismalarin sayis1 giderek
artmaktadir [3-7].

Performans kavrami, yapilarin olasi bir deprem etkisine
kars1 gostermesi beklenen davranigin bir ol¢iisiidiir. Yeni
yapilacak ve mevcut binalarin deprem performanslarinin
belirlenmesi, TBDY-2018’de ayrintili  olarak ele
almmustir. Performans analizinde, her ne kadar dogrusal
ve dogrusal olmayan degerlendirme yontemleri
tanimlanmis olsa  da, dogrusal  yoOntemlerin
kullanilabilmesi i¢in binalarin saglamasi gereken sartlar
bulunmaktadir. Bunun yaninda, daha detayli analiz
adimlar1 iceren dogrusal olmayan hesap yontemlerinin
kullanildig1 galigmalar literatiirde yerini almistir. [9-16].
Ayrica, gecmisteki depremlere ait ivme kayitlarindan
yararlanilan zaman tanim alaninda analiz yontemlerinin
kullanildigr  c¢alismalarin  sayisi, gelisen Dbilgisayar
teknolojisi ile birlikte giderek artmaktadir [17-20].

Bu calismada, mevcut betonarme bir kamu binasmin
deprem  performansi  incelenmistir. Bu  amag
dogrultusunda, yapinin bilgisayar ortaminda modellemesi
yapilmig, mevcut zemin kosullari ve malzeme 6zellikleri
ile donati detaylari, Prota Yazilim firmasina ait
Protastructure Enterprise 2022 lisanshi programima
girilmistir [21]. Ardindan, dogrusal olmayan analiz
yontemlerinden olan artimsal itme analizi yapiya
uygulanmistir. Her iki dogrultuda gergeklestirilen
analizler neticesinde, tasiyici sistem elemanlarinda olusan
hasar durumlar1 ve buna bagli olarak yapinin performans
diizeyi elde edilmistir. Kamu binalari i¢in benzer projeler
uygulanabilmektedir. Bu c¢aligmada, mevcut binanin
dogrusal otesi davranisi iki farkli deprem diizeyi igin
incelenmistir. Bu sebeple, calismadan elde edilen
sonuglarin ileride yapilacak ¢aligmalar igin faydali olacagi
degerlendirilmektedir.

II. MALZEME VE YONTEM [MATERIALS AND
METHOD]

Incelenen bina, 1991 tarihinde yap1 kullanma belgesi almis
bir belediye hizmet binasidir. Bina, 2 adet bodrum kat, 1
adet zemin kat ve 3 adet normal kat olmak iizere toplam 6
kattan olusmaktadir. Bina oturma alan1 383 m? olarak
belirlenmistir. Kat ylikseklik degerleri, zemin katta 360
cm, normal katlarda 315 cm’dir. Bodrum kat yiikseklikleri
ise swrasiyla 315 ve 405 cm’dir. Yapmin tasiyici sistem
betonarmedir ve kirigli plak doseme kullanilmustir. Bina
goriiniigleri Sekil 1°de sunulmustur.
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Sekil 1. Bina cepheleri

Binanin mevcut beton dayanimini belirlemek amaciyla,
bodrum katlar, zemin kat ve 1. kattan 3 er adet olmak tizere
toplam 12 adet karot numunesi alinmigtir. Alinan

numunelere, eksenel basing yikii uygulanmis ve elde
edilen sonuglar Tablo 1°de verilmistir.

Tablo 1. Karot test sonuglari

Boy/Cap orani

Yapi Kat Ortalama karot Ortalama karot Basing ylizeyi Basing yiikii diiveltme Beton basing
elemant Cap1 (mm) boyu (mm) (cm?) (kg) Katsatyst mukavemeti (N/mm?)
S2B1 2.Bodrum 74 74 42.99 5120 1 11.9
S2B2 2.Bodrum 74 74 42.99 4570 1 10.6
S2B3 2.Bodrum 74 74 42.99 6170 1 144
S1B1 1.Bodrum 74 74 42.99 5680 1 13.2
S1B2 1.Bodrum 74 74 42.99 5420 1 12.6
S1B3 1.Bodrum 74 74 42.99 4340 1 10.1
S101 Zemin Kat 74 74 42.99 5460 1 12.7
S102 Zemin Kat 74 74 42.99 5150 1 12.0
S103 Zemin Kat 74 74 42.99 6000 1 14.0
S201 1.Kat 74 74 42.99 5300 1 12.3
S202 1.Kat 74 74 42.99 4890 1 114
S203 1.Kat 74 74 42.99 5100 1 11.9

Elde edilen karot numunesi sonuclarma goére ortalama
basing mukavemeti 12.26 MPa, standart sapma ise 1.26
MPa olarak hesaplanmigtir. Bu iki deger arasindaki fark
11.00 MPa’dir. Ortalama mukavemet degerine 0.85
katsayistnin uygulanmas1 ile elde edilen deger 10.40
MPa’dir. TBDY-2018 madde 15.2.5.3’e gore, projede tiim
tasiyict elemanlar i¢in kullanilacak beton basing dayanimi
Cl1l1 (11.00 MPa) Olarak belirlenmistir [1]. Tastyici
sistemin, projeye uygunlugunun belirlenmesi amaciyla
ayrintili réleve caligmasi yapilmistir. Tasiyici sistemde
kullanilan kolon boyutlar1 30x65, 45x65 ve 45x55 cm
boyutlarindadir. Bodrum katlar haricinde, diger tim
katlarda aym kesit boyutlan ve donati diizeni
kullanilmigtir. Yapida diisey tasiyici olarak bodrum
katlarda perdeler de mevcuttur. Kolon kesitleri ve donati
diizeni Sekil 2’de, enine ve boyuna donati detaylar1 ise
Tablo 2’de  gorilmektedir.  S11-S30  arasinda
isimlendirilen kolonlar, bodrum kattaki kolonlarin
devamidir ve kesit boyutlart bodrum katlara gore

azalmustir. Siyirma testleri sonucunda, bodrum 1. katta yer
alan sag ve sol cephelerdeki perdeler ile SO7 ve S08 kolon
donatilarinda korozyon tespit edilmistir. Etriyelerde ise
135 derecelik kancalarin uygulanmadigi goriilmiistiir.
Ayrica, yapisal elemanlarda farkli ve yetersiz paspay1
mesafeleri ile karsilasilmistir.

65
65

— — —

0| | 45 | | 45 |

1

501-502-803-504-505
506-507-508-S09-S10
531-832-833-834-835
$36-837-838-839-840

BS11-BS12-B513-BS14-BS15
BS16-BS17-8518-BS19-BS20
BS21-BS22-B523-BS24-B525
BS26-BS27-8528-BS29-BS30

$11-812-813-814-815
$16-517-S18-819-820
521-822-523-524-825
826-827-828-829-830

Sekil 2. Kolon kesitleri
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Tablo 2. Kolon boyut ve donati detaylari K1B045  30x70 cm 4014 2012 @8/15cm 08/20cm

- - K1B013 50x50cm 6014 - @8/15cm  38/20cm

Kolon Kesit Boyuna Enine K1B022 50x50cm 6014 - @8/15cm  (98/20cm

no boyutlari (cm) — donati donati (cm) K1B023 50x50cm 6014 - @8/15cm  ©8/20cm

BS11, BS12, BS13, BS14, K1B014 50x50cm 6014 - @8/15cm  38/20cm

BS15, BS16, BS17, BS18, K1B015 50x50cm 6014 - ©08/15cm  ©8/20cm

BS19, BS20, BS21, BS22, Kz18  50x50cm 6014 - ©08/15cm  ©8/20cm

BS23, BS24, BS25, BS26, 45x65 10018 08/20-30 KZ19  50x50cm 6014 - O%/15em  ©8/20cm

BS27, BS28, BS29, BS30, Kz20  50x50cm  6Q14 - ©08/15cm  ©8/20cm

(Bodrum Katlar) Kz21 50x50 cm 6014 - 08/15cm 08/20cm

S11, S12, S13, S14, S15, Kz22  50x50cm 6014 - @8/15cm  38/20cm

S16, S17, S18, S19, S20, Kz23  50x50cm 6014 - ©08/15cm  ©8/20cm

S21, S22, S23, S24, S25, 45x55 10018  ©98/20-30 Kz24  50x50cm 6014 - @8/15cm  @8/20cm

$26, S27, S28, S29, S30, Kz25  50x50cm 6014 - @8/15cm  38/20cm

(Diger katlar) Kz26  50x50cm 6014 - ©08/15cm  ©8/20cm

S01, S02, S03, S4, S05 Kz27  30x70cm 4014 2012 @8/15cm  @8/20cm

S06, S07, S08, S09, S10 K142  30x70cm 4014 2012 @8/15cm  @8/20cm

S31, S32, 533, S34, S35 3065 8018 08/10-20 K122  50x50cm 6014 - o%/15em  ©8/20cm

S36, S37, 38, S39, S40 K123  50x50cm 6014 - 08/15cm  ©8/20cm

K113  50x50cm  6@14 - @8/15cm  (3¥8/20cm

] K151  30x70cm 4014 2012 08/15cm  @8/20cm

Doseme kalinliklart tim katlarda 15 cm’dir. Doseme K145  30x70cm 4014 2012 @8/15ecm  (98/20cm

P < . 2 . : K114  50x50cm  6@14 - @8/15cm  38/20cm

hareketli yiik degerl.erl 2.00 kN/m*, en tist katta ise ¢at1 da K1Le S0 m  cold ) 0%/ oo 0800

olugan yiikler sebebiyle 3.00 kN/m? olarak alinmustir [22]. K148 30x70cm 4014 2012 @8%/15ecm  @8/20cm

Yapida, 20 cm yalitimli ve 10 cm yalitimsiz olmak {izere K124 50x50cm 6014 - ©8/15cm  8/20cm

R . .. ) K222  50x50cm 6014 - @8/15cm  B8/20cm

iki ¢esit duvar kalinligi kullanilmistir. Kiris kesit boyutlari K242 30x70cm 4014 2012 @8/15em  ©%/20cm

kat igerisinde farklilik gostermektedir. Montaj donatist ggg ggxgg cm 28}3 2012 gg;igcm ggggcm

2 X cm - cm cm

olarak 2014 kullamilmistir. Ornek olmas1 ac¢isindan, K214 50x50em 6014 ) O%/15em  @%/200m

rontgen analizi yapilan kirislere ait kesit detaylar1 Tablo K248 30x70cm 4014 2012 ©Q8%/15cm  ©8/20cm

) S -1 s S K224  50x50cm  6@14 - @8/15cm  398/20cm

3’te, K2B042 kirisi donat1 agilimi Sekil 3’te verilmistir. K239 0x70em 4014 2012 @%/15em  @8/200m

K215  50x50cm 6014 - @8/15cm  398/20cm

Tablo 3. Kiris boyut ve donati detaylari K325 50x50 cm 6014 - @8/15cm  ©8/20cm

- - - K351  30x70cm 4014 2012 @8/15cm  @8/20cm

Kiris Kesit ) Enine Enine K342  30x70cm 4014 2012 ©@8/15em  ©8/20cm

o boyutlari Agiklik Govde donat1 Donati K316 50x50 cm 6014 R 08/15cm @8/20cm

(cm) (sarilma) _ (agiklik) K315  50x50cm  6@14 2012 08/15cm  @8/20cm

K2B023  50x50 6014 - ©8/15cm  @8/20cm K348  30x70cm 4014 2012 @8/15cm  38/20cm

KZBOZ5 50X50 6014 - @8/1 Scm 08/20cm K314 50X50 cm 6014 - ?8/15¢m 08/200111

K2B026  50x50 6014 - 98/15cm  ©8/20cm K339  30x70cm 4014 2012 @8/15cm  38/20cm
K2B021 50%50 6014 - 98/15cm  @8/20cm

K2B039  30x70 4014 2012 @8/15cm  ©8/20cm K323  50x50cm 6014 - O8/15em  08/20cm

K2B042  30x70 cm 4014 2012 @8/15cm ?8/20cm
K2B045  30x70 cm 4014 2012 ©8/15cm 08/20cm
K2B048  30x70 cm 4014 2012 ©8/15cm 08/20cm
K1B021  50x50 cm 6014 - ?8/15cm 98/20cm
K1B035  30x70 cm 4014 2012 ©8/15cm 08/20cm
K1B039  30x70 cm 4014 2012 ©8/15cm 08/20cm
K1B042  30x70 cm 4014 2012 O8/15cm 08/20cm

K2B043 = 30/70 K2B042 = 30770

H 180 \ 140 50 140
20x108/10 15x1@8/1C I12W20 15x188/10
65

200 65 l 345 55

K2B041 = 3070

® ©
!
!

140 50 140
1516810 3x 108720 1521081

850 2014 L=750

b 1135 21012 =168

1028 AQ14 1= :“I

Sekil 3. K2B042 kirisi donat1 diizeni
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Mevcut binada, donatilarin belirlenmesi amaciyla kirig ve
kolonlarda rontgen testlerinin yani sira siyirmalar da

‘Fﬁf’ﬁ?_‘? .

yapilmigtir. Zemin kat iizerinde ¢aligma yapilan tagiyict
sistem elemanlar1 Sekil 4 iizerinde isaretlenmistir.

P P ¢

35 3% 370 A% 265 2340 40 340 365
| | | — | | | | |
i i 0301 I i 1 i 1
J S201 (30788 I 202 (3085) szus(sws; szon o) \"2fla) 20 (3085) l 206 (3088) l S207 (3085) I S208 (3085) l S208 (3085) [szoinaoes
®&— L) M_ L) EL1]) ) - ®
o & £ / oaos \ /o305 \ o o oo &0 &
\ie/ NG 2 o 2 m: \rre/ NG \rme/ \/ \re/
Bl szt ussey | sz12 (45155 5713 (4565) il sf 14 (asiss) | s715 sss) Bl sz16 s [3] 5717 (4555) Bl sz18 asi) 2| sz1a (4555, Efsz20(4556)
-— (ka9 5060 | K210 w,u Tk K712 5051} 50550 5050 05 <716 50500 K717 5050 -
g VTN VLN LN /oas\ FLTEAN VTN LA /o318 \ /0320 \
h=15 h=15 h=15 \ =15 / h=16 h=15 h=15 h=15 h=15
. \I=12/ - \"/ \"/ \"=e/ . \I=/ - \"/ 5 \'=E/ \"=E/ o
ol szt s 2| szz2 sise 5123 45655 E2lszo4 (asise) [ 725 s g S226 (45058 § S727 (4555 g 228 (45058 720 (45/55) 2)sza0 (4556)
©—4-— [un 5050 K219 5050 |KZ2 ool <221 5080 5050} oE [ =3 soso Kz 5050) -—@©
| /035 \ /0335 \ VLTIAN /0328 \ / D323 \
N \J=15 / \ =18 / \=t5 / \ =15 /' \h=t5 / N\ =15 f \n=ts / N\ =15 f
Iz g I : 2 3 3 :
Elszst o) ] szs2 (a0es) Sz (3065) E 235 (3065 sz (aoms) 23 (3065) 238 (3086) sz o) Elsz40(2085)
@_._ L K 30T K75 3070, K75D 070 K786 070 K757 M i) 070 K750 3070, K760 3070, K761 M __®
T l | = | B
1 1 I h=15 i 1 ' 1 ]

I s restieri [ rowroen tesierikoLon [ RONTGEN TESTLER] KiRls

Sekil 4. Zemin katta donat: tespiti yapilan elemanlar

Yapilan donati calismalar1 sonucunda, tiim elemanlarda
TBDY-2018’de kullanimina izin verilmeyen diiz yiizeyli,
dayanimi ve aderansi diisiik olan BC I (S220) sinifi donati

celigi kullanildig: tespit edilmistir. Siyirma testlerine ait
detaylar Sekil 5’te goriilmektedir.

Sekil 5. Slylfma testleri

Belediye hizmet binasi i¢in yapilan geoteknik caligmalar
sonucunda, yerel zemin sinifi orta siki kum, ¢akil veya ¢ok
kat1 kil tabakalar1 zemin cinsi Ozelliklerine sahip ZD
olarak belirlenmistir. Ayrica, tagima giicli yatak katsayisi

I1l. YAPISAL PERFORMANS ANALIZi
[STRUCTURAL PERFORMANCE ANALYSIS]

Mevcut bina performans analizi degerlendirmesi, TBDY -
2018 Bolim 15’te  verilen esaslar ¢ergevesinde
gerceklestirilmistir. Yapi, oncelikle bilgisayar ortaminda

degeri 10.25 t/m?, zemin yatak katsayis1 degeri ise 18600
t/m®tiir. Mevcut betonarme binamn bulundugu zeminde
herhangi bir sivilagma riski bulunmamaktadir.

modellenmistir. Binaya ait ¢ubuk eleman ve ii¢ boyutlu
goriiniig Sekil 6’da verilmistir.
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Sekil 6. Bina modeli

Modelleme isleminin ardindan, TDTH uygulamasi ile
binaya ait konum, zemin ve deprem diizeyine iliskin
veriler ~ sisteme  girilmistir ve interaktif web
uygulamasindan DD1 ve DD3 olmak iizere iki farkli

deprem diizeyi ic¢in aliman degerler Tablo 4’te
sunulmustur.
Tablo 4. Spektral ivme degerleri
Parametre DD1 DD3
Kisa periyot harita spektral
ivme katsayis1 (SS) Lrar 0.366
1.0 saniye periyot i¢in harita spektral
ivme katsayisi (S1) 0.424 0.087
Kisa periyot tasarim spektral
ivme katsayist (SDS) Lrar 0.552
1.0 saniye periyot i¢in tasarim spektral 0.795 0.209

ivme katsayis1 (SD1)

Incelenen mevcut bina, deprem sonras kullanimi gereken
bina smifina girdigi i¢in bina kullanim smifi 1 ve bina
onem katsayis1 degeri 1.50 olarak alinmistir. Yapimin
performans analizi ig¢in sekil degistirmeye gore
degerlendirme ve tasarim yaklasimi uygulanarak, DD1
icin kontrollii hasar, DD3 i¢in de sinirli hasar performans
hedeflerinin saglanmasi gerekmektedir

TBDY-2018’de, kesitler i¢in Sinirli Hasar (SH), Kontrolli
Hasar (KH) ve Gogme Oncesi Hasar (GO) durumlar
tammlanmigtir. Ancak, gevrek olarak hasar goren
elemanlarda bu smiflandirma gegerli degildir Bu hasar
siir durumlarina bagl olacak sekilde, Kkritik kesitlerinin
hasar durumlarina gore olusan hasar bolgeleri; Sinirl
Hasar Bolgesi (SHB), Belirgin Hasar Bolgesi (BHB), ileri
Hasar Bélgesi (IHB) ve Gégme Bolgesi (GB) olarak Sekil
7’de isimlendirilmistir [1].

i¢ Kuvvet
r

Belirgin v ler

Siurh
Hasar Hasar v Hasar Gicme
Bdlgesi Bolgesi Bolgesi | Bolgesi
Sekildegistirme

Sekil 7. Hasar smirlari

Deprem miihendisliginde son yillarda yapilan ¢aligmalar,
klasik kuvvet esasli tasarim yaklasimi yerine yer
degistirme parametrelerinin géz 6niine alindig1 deplasman
bazli yaklagimi esas almaktadir [23, 24]. Yeni yapilacak
ya da mevcut betonarme binalarin deprem performanslari
hakkinda dogrusal yontemlere gore daha gercekei sonuglar
veren statik ya da dinamik dogrusal olmayan ydntemler
kullanilmaktadir. Ancak, statik analiz yontemleri daha
pratik olmalarn ve farkli bilgisayar yazilimlarinda
kolaylikla uygulanabilmeleri sebebiyle tercih
edilmektedir.

Dogrusal olmayan hesap yontemlerinden olan artimsal
itme analizi ile yapinin kuvvet ve deplasman iligkisini
ortaya koyan kapasite egrisi elde edilmektedir. itme analiz
adimlarinda, taban kesme kuvveti ve tepe noktasi
deplasmanin dogrusal oOtesi degisimi izlenmektedir.
Boylelikle, deplasman degerine bagli olarak tasiyict
sistem elemanlarinda olusan deformasyonlar elde
edilmektedir. Mevcut binada DD1 deprem diizeyi i¢in elde
edilen statik itme egrileri Sekil 8’de gortlmektedir.
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X Dogrultusu igin itme Egrisi

Kuvvet (kN)
&
g

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Yer Degistirme (cm)

Y Dogrultusu igin itme Egrisi

Kuvvet (kN)
i
8

0 2 4 6 8 0 12 14 16

Yer Degistirme (em)

18 20 22 24 2%

Sekil 8. Statik itme egrileri

Statik itme analizinde, yap1 hedef yer degistirme noktasina
kadar her bir dogrultuda itilerek, yapisal elemanlarda
olusan hasar durumlar incelenmektedir. TBDY-2018’de
tanmimlanan koordinat dontisimii ile modal Kkapasite
diyagrami elde edilmektedir. Ardindan, model kapasite
diyagrami, deprem spektrumu ile birlikte ¢izilmektedir
(Sekil 9).

wa=Ca T,

S.(%)

(")

4= S (1) = Su () 498 s,

Sekil 9. Modal kapasite diyagrami ve deprem spektrumu

Mevcut binada deprem diizeyleri igin elde edilen ve
performans noktasi olarak da isimlendirilen x ve y
dogrultularindaki hedef yer degistirme, DD1 i¢in 25,85 cm
ve 23,90 cm, DD3 igin de 6.46 cm ve 6.64 cm olarak
belirlenmistir. Yapi, bu degerlere kadar itilerek, tastyici
sistem elemanlarinda olusan hasar durumlarina gore
performans degerlendirmesi yapilmaktadir. Ornek olmasi
acisindan, DD1 deprem diizeyi igin hesap adimlar1 Tablo
5 ve Tablo 6’da verilmistir. Ayrica, hedef yerdegistirme
tespiti i¢in olusturulan egriler, Sekil 10 ve Sekil 11°de
sunulmustur.

Tablo 5. DD1 diizeyinde x dogrultusu i¢in hesap adimlari

Parametre Deger

1. Periyot degerlerine gore
spektral yerdegistirme orant
2. T1’e kars1 gelen dogrusal
olmayan spektral yerdegistirme
3. Modal tek serbestlik dereceli
sistemin en bilyiik yerdegistirmesi

T1=0.582 s ve Tg=0.455 s i¢in Cr =
1.00
Sai (T1)= CrXSee (T1)= 1x0.20=0.20 m
d1max © = Sai (T1) =2 dimax ©=0.20

I'=43.08 ve @4 =0.03

Uaa® = @g x T x dl,max(x) =

Tablo 6. DDI diizeyinde y dogrultusu i¢in hesap adimlari

Parametre

Deger

1. Periyot degerlerine gore
spektral yerdegistirme orani
2. T1’e kars1 gelen dogrusal
olmayan spektral yerdegistirme
3. Modal tek serbestlik dereceli
sistemin en bilyiik yerdegistirmesi

4. Modal katki ¢arpani
5. Tepe noktast mod sekli genligi

6. Yerdegistirme degeri

T1=0.510 s ve Tg=0.455 s igin Cr=
1.00
Sdi (T1)= CRXSde (T1): 1x0.18=0.18 m
Oimax® = Sqi (T1) =0.18 m

I'=44.26 ve ®q=0.03

Ule(p) =dgxI'x dl,max ® =
0.03x44.26x0.18 = 0.2390 m
T1=0.510sve Tg=0.455 s igin Cr=
1.00
Sai (T1) = CrXSee (T1): 1x0.18=0.18m
di.max ® = Sdi (T1) =0.18 m

2
1,6
21,2
m
o8
@08
vy
0,4
A —
0
0 0,2 0,4 0,6 0,8 1 1,2 1,4
Sde & d (m)
Sekil 10. X dogrultusu i¢in kapasite diyagrami ve spektrum
egrisi
2
1,6
2,2
m
o
% 0,8
(%]
0,4
J
0
0 0,2 0,4 0,6 0,8 1 1,2 1,4
Sde & d (m)

Sekil 11. Y dogrultusu i¢in kapasite diyagrami ve spektrum

4. Modal katki ¢arpani
5. Tepe noktast mod sekli genligi
6. Yerdegistirme degeri

0.03x43.08x0.20 = 0.2585 m
T,=0.582s, Tg=0.455s i¢in Cr = 1.00
Sai (T1)= CrxSee (To)= 1x0.20= 0.20 m

dl,max ® = Sdi (Tl) 9 dl,max © = 0.20

egrisi
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Her iki deprem diizeyi i¢in tamamlanan artimsal itme
analizleri sonucunda, tasiyici sistem elemanlarinda olusan
hasar bolgeleri belirlenmistir. Olusan hasar durumlari,
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kritik deprem dogrultusu i¢in Tablo 7 ve Tablo 8’de
verilmistir. Kolon ve perde elemanlar, tabloda diisey
eleman olarak isimlendirilmistir.

Tablo 7. DD1 deprem diizeyi i¢in olusan hasar durumlar

Eleman Kat no SHB BHB IHB GB
Bodrum 2. kat 53 0 0 9

Bodrum 1. kat 29 7 0 26

. Zemin kat 1 0 0 40
Diisey eleman 1 Kat 2 1 0 38
2. kat 2 1 0 38

3. kat 2 6 0 33

Bodrum 2. kat 42 9 0 1

Bodrum 1. kat 44 17 0 0

B Zemin kat 40 24 3 0
Kirig 1. kat 43 24 0 0

2. kat 39 28 0 0

3. kat 41 26 0 0

Tablo 8. DD3 deprem diizeyi i¢in olusan hasar durumlari

Eleman Kat no SHB BHB [HB GB
Bodrum 2. kat 53 0 0 9
Bodrum 1. kat 29 7 0 26
Dii | Zemin kat 1 0 0 40
Usey eleman 1. kat 3 1 0 37
2. kat 2 2 0 37
3. kat 6 2 0 33
Bodrum 2. kat 26 26 0 0
Bodrum 1. kat 35 24 0 2
o Zemin kat 35 32 0 0
Kirig 1. kat 38 24 0 0
2. kat 38 28 0 0
3. kat 39 28 0 0
DD1 ve DD3 deprem diizeyleri icin olusan hasar 100,00%
durumlarinin gorsel olarak sunulmasi amactyla, hasar e
bolgelerinde bulunan yapisal elemanlarin yiizde olarak '
dagilimlari, kritik dogrultu igin Sekil 12-15 arasinda B e
sunulmustur. 20,00%
20,00% I I I I I
100,005 - 0 B 0,00%
90L00% . 2. Badrum 1. Badrum Zemin Kat . Kat 2. Kat 3. Kat
) Kat Kat
60,00% .
BSinrh Hasar @ Belirgin Hasar @ lleriHasar @©Gdcme
40.00%% W
_ Sekil 13. DD1 deprem diizeyinde kirisler i¢in olusan hasar
20.00% B dagilimlar
O:{I{I% I = | A= | O= -I
2. Bodrum 1. Bodrum ZeminKst 1. Kat 2. Kat 3. kat
Kat Kat
BSinrh Hasar  MEelirginHasar M ileriHasar  ©Gdcme

Sekil 12. DD1 deprem diizeyinde diisey elemanlar i¢in olusan
hasar dagilimlari
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100,00%
80,00%
£0,00%

|
£0,00% [
20,00% ‘ H
0% — _H_ D = = mm a

2. Bodrum 1. Bodrum ZeminKat 1. Kat 2. kat 3. Kat
Kat Kat

BSinrh Hasar @ Belirgin Hasar @ileriHaser ©Gdme

Sekil 14. DD3 deprem diizeyinde diisey elemanlar i¢in olusan
hasar dagilimlari

100,00%
80.,00%
60,00%
40,00%
20,00%
0,00%
2. Bodrum 1. Bodrum Zemin kat 1. Kat 2. Kat 3. Kat
Kat Kat
m Simirl Hasar | Belirgin Hasar  m ileri Hasar Gbcme

Sekil 15. DD3 deprem diizeyinde kirigler i¢in olusan hasar
dagilimlari

Mevcut binanin performans degerlendirme 6zeti Tablo 9
ve Tablo 10’da goriilmektedir. Analizler sonucunda,
degiskenlige maruz kalinan zemin kat, performans diizeyi
en kritik kat olarak degerlendirilmistir. Binanin her iki
deprem diizeyi i¢in saglamasi gereken performans diizeyi
farklidir. DD1 deprem diizeyi i¢in kontrollii hasar, DD3
deprem diizeyi icin ise sinirli hasar performans hedefleri
konulmustur. Fakat her iki deprem diizeyi igin de
performans diizeyi gogme olarak belirlenmistir.

Tablo 9. DDI1 deprem diizeyi i¢in bina performansi

Bina

Deprem Performans En kritik Durum
diizeyi hedefi kat performans
diizeyi
DD1 Kontrollii hasar Zemin kat Gogme X

Tablo 10. DD3 deprem diizeyi igin bina performansi

Deprem Performans En kritik pe rgma ns Durum
diizeyi hedefi kat P
diizeyi
DD3 Sinirl hasar Zemin kat Gogme X

TBDY-2018’e gore, kontrollii hasar performans diizeyinin
saglanmasi i¢in mevcut betonarme binanin herhangi bir
katinda, uygulanan her bir deprem dogrultusu icin yapilan
hesap sonucunda kiriglerin en fazla %35’inin ileri hasar
bolgesine gecebilecegi belirtilmistir. Ayrica, ileri hasar
bolgesindeki diisey elemanlarin, her bir katta diisey
elemanlar tarafindan tasinan kesme kuvvetine toplam
katkist %20’nin altinda olmalidir. Siurlt hasar diizeyi i¢in
yapilan hesap sonucunda, kiriglerin en fazla %20’si
belirgin hasar bolgesine gegebilir. Ancak, diger tasiyict
elemanlarinin tiimiiniin sinirlt hasar bolgesinde olmasi
gerekmektedir [24]. Mevcut belediye hizmet binasi igin
yapilan analizler sonucunda, her iki deprem diizeyinde
gocme  bolgesinde kiris ve kolonlarin  oldugu
goriilmektedir. Bu sebeple, hedeflenen performans
hedefleri kargilanamamugtir.

IV. SONUC VE DEGERLENDIRME [CONCLUSION]

Ulkemizde yasanan son biiyiik depremler neticesinde, yap1
stokunun biiyiik bir kismini olusturan mevcut betonarme
binalarin deprem performanslarinin belirlenmesi amaciyla
calismalar giderek artmaktadir. Ozellikle, bina kullanim
amagclarina baglh olarak deprem sonrasinda kullanilmasi
gereken mevcut binalarin tagiyict sistem giivenliklerinin
belirlenmesi 6nemlidir. Mevcut binalardaki performans
hedeflerinin saglanamamasi durumunda, binanin yikilip,
tekrar insa edilmesi ya da ekonomik agidan da uygun
olmasi sartiyla giiclendirme yontemlerinden bir ya da
birkag1 uygulanabilmektedir.

Bu calismada, mevcut betonarme bir kamu binasimnin
tasiyict sistem gilivenligi arastirllmistir. Yerinde yapilan
Olctimler ile binanin statik projesine uygunlugu
incelenmistir. Daha sonra, yapilan malzeme deneyleri ile
mevcut beton dayanimi ve tasiyict elemanlardaki donati
diizeni elde edilmistir. Binanin beton smifi C11, donati
geligi smifi ise diiz donatilardan olusan BCI olarak
belirlenmistir. Yiiksek dayanimli beton ve nerviirlii donati
kullanilmadig1 i¢in, beton ve donati arasinda yiiksek
diizeyde aderans bulunmamaktadir.

Mevcut  betonarme  bina  bilgisayar  ortaminda
modellenerek, dogrusal olmayan itme analizi her iki
deprem dogrultusunda binaya uygulanmistir. Binanin
kullanim amacina bagli olarak, TBDY-2018’e gore iki
farkli deprem diizeyi i¢in analizler gerceklestirilmistir.
Yapilan analizler neticesinde, her bir kat diizeyinde
bulunan diisey ve yatay tasiyici sistem elemanlarinda
olusan hasar durumlari elde edilmistir. Bu hasar oranlarina
bagli olarak, binanin deprem performans: ortaya
¢ikarilmustir.

Binanin saglamasi gereken performans hedefi, DDI1
deprem diizeyi i¢in kontrollii hasar, DD3 deprem diizeyi
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icin de sinirhi hasardir. Kontrollii hasar performans
diizeyinde, can gilivenligini saglamak {izere, yapisal
elemanlarda onarilmasi miimkiin olan hasar diizeyleri
olugabilmektedir. Sinirli hasar performans diizeyinde ise
yapisal elemanlarda sinirli hasara izin verilmektedir.
Kritik deprem dogrultusundaki analiz  sonuglari
incelendiginde, DD1 diizeyi i¢in 190 adet elemanin, DD3
diizeyi icin de 184 adet elemanin gogme bolgesinde yer
aldig1 goriilmektedir. Bu sebeple, hedeflenen performans
diizeyi, her iki deprem diizeyi icin elde edilememistir.

Calismaya konu olan mevcut kamu binasinin dogrusal
olmayan analiz sonuclar1 incelendiginde, bir¢ok diisey

tagtyict  elemanin  gogme  bolgesinde  bulundugu
belirlenmistir. Hedeflenen performans diizeylerine
ulasgamamanin en Onemli sebepleri, beton basing

dayanimmin diisilk olmasi ve bazi kolonlarda yetersiz
boyuna donati alani ile sarilma bdlgelerinde kullanilan
etriyelerin siklastirma yetersizligidir.

Kolonlarda mantolama islemi ve tastyici sisteme ilave
perde duvarlarin eklenmesi ile mevcut yapimin giivenligi
artirllabilir.  Ancak, gd¢me  bolgesinde  bulunan
elemanlarin fazlaligi sebebiyle, yapilacak gii¢lendirme
calismasinin ~ maliyetinin  de  yiiksek  ¢ikacag
ongoriilmektedir.

TBDY-2018, Bolim 15 kapsaminda mevcut betonarme
binalarin performans degerlendirmesi dogrusal ve
dogrusal olmayan yoOntemlerle yapilabilmektedir. Bu
calismada, yapinin deprem performansinin daha gercekei
olarak elde edilebildigi dogrusal olmayan artimsal itme
analizi yontemi kullanilmistir. Ayrica, incelenen yapinin
mevcut kamu binast olmasi sebebiyle, iki farkli deprem
diizeyi icin analizler gerceklestirilmistir. Kamu
binalarinda tip projelerin uygulandigi hesaba katildiginda,
bu ¢alismadan elde edilen sonuglarin benzer binalar igin
de yol gosterici olacagt ve ¢alismanin deprem
miihendisligi alaninda literatiire katki saglayacagi
degerlendirilmektedir.
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The shift from analog to digital technologies has transformed radio systems, and Software
Defined Radio (SDR) has introduced unparalleled flexibility and adaptability by executing
operations through software-based approaches. In recent times, the burgeoning popularity of
SDR has augmented their applicability within the realm of Electronic Support Measures (ESM),
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placed on the primary research obstacles encountered in SDR based radar classification. This is
succeeded by a concise examination of unresolved matters to direct forthcoming research
endeavors. Furthermore, a brief mention is made of the ongoing research studies conducted by
the authors.

)

Figure A. SDR based radar classification scenario

Aim of Article: In this study, it was aimed to examine the SDR based radar classification methods
in the literature and to establish the foundation for the ongoing study.

Theory and Methodology: Proposed SDR based radar classification process stages were
explained.

Findings and Results: The importance of processing speed in SDR based radar classification
systems, a factor directly impacted by both sampling rate and system bandwidth, is underscored.

Conclusion: This paper presents a review of SDR based radar classification systems and guides
the ongoing project within the framework of the results found.
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I. INTRODUCTION

The principal operational objective of an Electronic
Support Measures (ESM) system lies in the detection of
potential threats and the surveillance of a designated
spatial domain for the identification of electromagnetic
emission sources. For this purpose, ESM system
scrutinizes pulse-by-pulse  measurements acquired
through its receiver, facilitating the discernment of
established radar signatures and signaling their existence

[1].

A critical and fundamental responsibility of ESM
systems involves extracting radar signal parameters.

These parameters, collectively known as pulse
description word (PDW), include radio frequency (RF),
pulse width (PW), pulse amplitude (PA), time of arrival
(TOA), and angle of arrival (AOA). The examination of
PDWs holds significance in identifying and categorizing
distinct features of threat radars within electronic
warfare (EW) systems [2].

The transformation of radio technology from analog to
digital has permeated various aspects of radio systems,
including system control, source and channel coding,
and hardware technology. This paved the way for the
software-defined radio (SDR) revolution, thereby
broadening the horizons of radio-based services through
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the elimination of constraints imposed by hardware-
centric designs [3].

The introduction of SDR has yielded unparalleled levels
of flexibility and adaptability by liberating radio systems
from the constraints of fixed frequency bands, channel
bandwidths, and modulation schemes. This liberation is
achieved through the implementation of software-based
signal processing techniques [3].

Recently, SDR has gained prominence in RF signal
capture solutions across both military and civilian
applications. The accelerated design evolution of SDR
can be attributed to ongoing technological advancements
and the widespread adoption of cost-effective digital
signal processors (DSPs). The fundamental objective of
an SDR system lies in the comprehensive digital
processing of radio signals, facilitated by a dedicated
DSPs [4]. In contrast to traditional radio systems, where
modulation, demodulation, signal generation, signal
processing, and signal coding are executed in the
hardware domain, SDR performs these operations
within the software realm. This unique characteristic
imparts to SDR a high degree of flexibility,
reconfigurability, and the capacity to selectively engage
channels [5].

In this study, the preliminary phase of an ongoing project
on the SDR based radar classification system is
presented. In this context, the main purpose is to
scrutinize the existing SDR based radar classification
systems in the literature. In pursuit of this objective, a
comprehensive literature review is undertaken to present
the existing knowledge on SDR based radar
classification system. The next step involves providing
an overview of the foundational principles of SDR based
radar classification system. In this context, prevalent
research challenges are examined. Following this, the
study delves into both unresolved issues and ongoing
research endeavors by the authors. Hence, it is
postulated that this research could provide valuable
insights into the advancement of SDR based radar
classification system.

The compositional framework of this article is
delineated as follows. A comprehensive examination of
extant studies on SDR based radar classification is
conducted in Section 1, exploring various perspectives.
Section 111 provides the methodology of an SDR based
radar classification system. Section IV deliberates on the

challenges inherent in SDR based radar classification,
while Section V addresses open issues and outlines
research directions. The article culminates in Section VI,
presenting conclusions derived from the discussed
content.

Il. THE CURRENT STATE-OF-ART SDR
BASED ESM SYSTEMS

Several studies in the literature have presented various
applications of SDR based ESM systems. In [6], a
passive radar receiver platform based on SDR
technology showcased its ability to process an 8 MHz
bandwidth for measuring transmitter positions. In [7], a
novel approach for estimating direction-of-arrival,
which divided the desired angular sector into a small
number of channels is proposed. This approach achieved
radar detection with reduced size, weight, cost, and
computational requirements, employing a sampling rate
of 2.4 MSps. In [8], an SDR-based ESM system that
utilized a pulse detection algorithm to address the issue
of undetected pulses caused by overlap is introduced.
Experimental results demonstrated a sampling rate of 2.4
MSps. In [9], a scale mixture of normal distributions
model was proposed for radar emitter classification and
clustering. SDR technology was employed to receive
radar signals at a sampling rate of 4.17 MSps, with
clustering performed offline. Finally, in [10], an SDR-
based radar detector with a processing capability of a 2.4
MHz bandwidth for radar classification is presented.

From the results, these studies highlight the significance
of processing speed in SDR-based ESM receivers, which
is directly influenced by the sampling rate and
bandwidth. Furthermore, the complexity of the
classification algorithm also impacts the processing
speed.

1. METHODOLOGY

Although there are many different radar classification
techniques, they all have the same fundamental
processes such as the signal reception, signal parameter
extraction, clustering, deinterleaving, database control
and displaying the results [11].

A. Signal Reception with SDR

The SDR receiver comprises two principal modules: the
analog front-end and the DSP components. The analog
front-end is responsible for executing narrowband
frequency down-conversion and subsequent analog-to-
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digital conversion (ADC). During down-conversion, the
incoming signal undergoes a shift from a high-frequency
band to a lower intermediate frequency (IF) band,
followed by ADC, which transforms the analog IF signal
into a digital representation amenable to subsequent
processing. The DSP components manage the residual
signal  processing responsibilities, encompassing
demodulation, filtering, and channel decoding [12].

The direct conversion receiver (DCR) architecture is
commonly employed in the RF front-end stage of SDR
which performs 1Q sampling theory [13].

B. Parameter Extraction

The extraction of radar pulse parameters plays a crucial
role in the signal processing pipeline of radar
classification. The input for pulse parameter extraction
is provided by digitized 1Q data which is sent by SDR to
host PC. In the process of extracting these parameters,
we will compute the signal's envelope to ascertain the
envelope of each sample as follow [14]

r(0) = Jx(®)? + x,()? (1)

where r(t) is envelope of the bandpass signal, x;(t) and
xqo(t) are quadrature components. Radar pulses are
discerned by the identification of samples whose
enveloped amplitude exceeds a predetermined threshold
value. Another essential parameter to derive from pulse
information is frequency, and it can be determined
through diverse methods. In our study, we will utilize
two approaches: Fast Fourier Transform (FFT) and
Instantaneous Frequency Measurement (IFM).

FFT and IFM represent discrete signal processing
methodologies characterized by unique applications and
operational principles. FFT excels in scrutinizing the
spectral composition of a signal across time, yielding
valuable information regarding its frequency
characteristics. Conversely, IFM is dedicated to
discerning the instantaneous frequency of a signal,
delivering real-time insights into its dynamic frequency
variations [15].

C. Clustering

Clustering is another important process for radar
classification. During this phase, the parameters
extracted and designated as PDW serve as the input.
AOA, RF, and PW emerge as pivotal parameters for
clustering purposes. These parameters play a significant
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role in the clustering algorithm, facilitating the
differentiation of distinct radars within a multi-radar
environment.

IV. RESEARCH CHALLENGES

Although the existing studies have made various
contributions to the field of the SDR based ESM
systems, there are still some certain difficulties and
limitations needed to discuss in the development of a
SDR based radar classification system.

A. Wideband Receiving

In order to achieve expanded frequency coverage, SDR
systems necessitate operation at high sampling rates.
However, this exigency mandates a proportional
increase in processing speed. The intricate relationship
between sampling rate and processing speed is crucial,
as it directly influences the system's ability to effectively
capture, process, and analyze signals across a wider
spectrum. Consequently, the achievement of extended
frequency coverage in SDR configurations entails a
meticulous optimization of sampling rates and
processing capabilities to ensure the seamless reception
and manipulation of signals within the targeted
frequency span.

B. Channel Limitation

SDR configurations may adopt either a singular or
multiple channel structure. The singular channel
architecture proves inadequate for AOA calculations. In
a multi-channel structure, the pivotal determinants of
efficacy include synchronization mechanisms and data
processing speed. Nevertheless, the specific SDR under
consideration is equipped with a two-channel
configuration, rendering AOA calculations inherently
unreliable.

V. OPEN ISSUES AND RESEARCH
DIRECTIONS

From the discussion provided in the previous section, it
is evident that there are some challenges in the
implementation of the SDR based radar classification.
One of the aspects to consider is the method of acquiring
the signal in real-time without losing any samples, and
subsequently utilizing it for further processing.

In order to increase the processing speed, the use of
Graphical Processing Unit (GPU) parallelization is
crucial. Traditionally, FFT computations heavily rely on
the Central Processing Unit (CPU), resulting in memory
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bottlenecks and impeding the execution of crucial tasks.
However, by harnessing the parallel processing
capabilities of the GPU, GPU accelerated FFT
effectively transfers the computationally intensive FFT
operations from the CPU, thereby freeing up resources
for other essential calculations. This approach not only
enhances the overall processing speed but also optimizes
memory allocation and minimizes data transfers
between the CPU and GPU [16].

On the other hand, because we are not able to calculate
AOA parameter due to channel limitations, clustering
will use RF and PW parameters only. For clustering task,
Density-based spatial clustering of applications with
noise (DBSCAN) is particularly noteworthy among
clustering algorithms. DBSCAN excels in managing
noise, outliers, and variable data densities, standing out
for its effectiveness. Unlike traditional algorithms
dependent on predefined shapes or centroids, DBSCAN
identifies clusters based on local data point density,
providing robustness against noise and varied cluster
shapes. Furthermore, its capability to detect clusters of
arbitrary shapes and sizes makes DBSCAN well-suited
for analyzing radar pulse data characterized by non-
uniform densities and shapes [17].

VI. CONCLUSION

In this study, as a part of an ongoing project, a literature
review is conducted to provide the current state of
understanding of SDR based radar classification. In this
context, the existing studies are presented, and the
research challenges are discussed. One of the crucial
discoveries indicates that in order to function at a
broader range of frequencies, it is imperative to enhance
the processing speed. It can be increase with GPU
parallelization. Alternatively, in order to achieve precise
classification, it is imperative to employ a proficient
clustering algorithm. In this regard, the utilization of
DBSCAN is recommended owing to its inherent benefits
in extensive-scale scenarios.

Our current focus is on developing a radar classification
system based on SDR technology that can operate across
a broader range of frequencies. We aim to conduct a
thorough experimental study to evaluate the
performance of this system, which we plan to complete
in the near future.
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Power quality issues cause significant problems in production, transmission, and distribution
electrical networks. Accurate detection and classification of potential problems are crucial to
mitigate power quality issues. There are numerous studies in this field, and the initial research
step in these studies is to obtain various distorted signals to test classification systems. In this
context, the most common trend is to generate signals from mathematical models. In the
literature, there are many models with significant differences among them. However, there is no
comprehensive model that considers distortions of all types. This study presents a comprehensive
mathematical model based on existing models in the literature. Power quality distortions can be
rapidly and automatically generated. It is determined that changes in the direction of power flow
in the distribution network are not limited to the distribution network alone, especially when
there is high distributed energy penetration; they can also extend to transmission or sub-
transmission systems. This article provides a general overview of production types and modeling
techniques for power flow analysis during planning and operation. Additionally, it highlights
different production technologies, presents various models, and discusses some fundamental
challenges related to current trends towards smart grid networks. This study aims to support
researchers in the modeling stage, with the goal of contributing to future research efforts.
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Aim of Article: It presents a research on Mathematical Modeling and solution practices for Power
Quality in Generation, Transmission and Distribution Systems.

Theory and Methodology: It provides a mathematical model based on commonly found models.
The model also includes new types of combined disorders. Different situations have been taken into
account and PQ disorders can be generated quickly and automatically.

Findings and Results: This paper presents a mathematical model that incorporates the largest
number of different PQ distortions that we could find in the literature.

Conclusion: Models offered; They are categorized as constant power factor model, constant
voltage model and variable reactive power model, and these models were developed for the purpose
of integration into three-phase load flow analysis during the planning and operation of the
distribution system. Overall, the review has identified fruitful key areas of active research work for
the researcher's reference, and finally the challenges to the current trend towards smart grid
networks are outlined.
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Giig kalitesi sorunlari, tiretim, iletim ve dagitim elektrik sebekelerinde ciddi sorunlara neden
olmaktadwr. Gii¢ kalitesi sorunlarmmi hafifletmek icin olasi sorunlarin dogru tespiti ve
smiflandiriimasi onemlidir. Bu alanda bir¢ok ¢alisma bulunmaktadir. Bu ¢alismalardaki ilk
arastirma adimi, siniflandirma sistemlerini test etmek icin cesitli bozulmug sinyaller elde
etmektir. Bu baglamda, en yaygin egilim matematiksel modellerden sinyal iiretmektir.
Literatiirde, aralarinda énemli farklar bulunan bir¢ok model bulunmaktadwr. Ancak, tiim
cesitlerdeki bozulmalar: dikkate alan biitiinciil bir model bulunmamaktadir. Bu c¢alisma,
literatiirde bulunan modellere dayali biitiinciil bir matematiksel model sunmaktadir. Giig
kalitesi bozulmalar: hizli ve otomatik bir sekilde iiretilebilir. Dagitim sebekesinde gii¢ akisinin
yoniindeki degisikligin, sadece dagitim agiyla simirli olmadigini, ozellikle dagitik enerji
penetrasyonu yiiksek oldugunda iletim veya alt iletim sistemlerine de uzanabilecegini
belirlenistir. Bu makale, planlama ve isletme sirasinda gii¢ akisi analizi igin iiretim tiirlerini
ve modelleme tekniklerine genel bir bakis sunmaktadwr. Ayrica, farkl iiretim teknolojileri
vurgulanmakta, farklt modelleri sunulmakta ve mevcut akilli sebeke aglarina dogru olan
mevcut egilimlerle ilgili bazi temel zorluklar da tartisilmaktadwr. Bu ¢alisma, gelecekteki
calismalara destek olmayr amaglayarak arastirmacilart modelleme asamasinda desteklemeyi
hedeflemektedir.

Anahtar Kelimeler: Matematiksel model, Giig kalitesi, Dagitim sistemi, Dagitik iiretim, Lletim
Sistemi

Bu durum, endiistriyel ortamlarda kullanilan ayarlanabilir

I. GIRIS [INTRODUCTION]

Fosil yakit kaynaklarmin degistirilmesi amaciyla yesil
enerji kaynaklarina olan talebin artmasi, gii¢ sistemlerinde
Uretim, Iletim ve Dagitim penetrasyonunun hizla
yiikselmesine yol ag¢mustir. Penetrasyonun, sistem
genelindeki isleyise ve performansa onemli bir etki
yapmasi muhtemeldir [1]. Bu nedenle, gii¢ sistemlerinde
Giig Kalitesi (GK) bozulmalari artan bir sekilde yaygindir.

hiz tahrikleri, gii¢ kaynaklar1 ve fotovoltaik inverterler gibi
dogrusal olmayan yiiklerin yaygin olarak
kullanilmasindan kaynaklanmaktadir [2-4]. GK, belirli bir
zamanda ve konumda gii¢ sistemindeki gerilim ve akimi
karakterize eden cesitli elektromanyetik olaylar1 ifade
etmektedir [5]. Bu GK sorunlar arasinda ani gegisler,
salimimli gegisler, kesintiler, diismeler, yiikselmeler,
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harmonikler, oluklar, titremeler ve  digerleri

bulunmaktadir [6].

GK sorunlari, ekonomik kayiplara neden olabilir. Bu
kayiplar, sebekede bulunan ekipmanin hasar gérmesi veya
yanlig ¢aligmasi yani sira son kullanici ekipmaninin da
yanlig ¢alismasina yol agabilmektedir [7]. Bu nedenle, GK
sorunlar1 dogru bir sekilde tespit edilmez, siniflandirilmaz
ve azaltilmazsa, sistemle baglantili bir¢ok hassas yiikiin
arizalanmasina veya yanlis ¢aligmasina neden olabilir, bu
da olduk¢a maliyetli sonuglara yol agabilmektedir. Ayrica,
GK bozulmalar iletim sebekelerini de etkileyebilir. Bu,
ozellikle fotovoltaik enerji tiiretimi gibi yenilenebilir
kaynaklar iceren gii¢ sistemlerinde ciddi bir sorundur,
clinkii bu tir sistemler dogrusal olmayan cihazlar
gerektirmektedir. Bu nedenle, yenilenebilir enerjileri
sebekeye entegre etmek veya endiistriyel aglarda bozulma
kaynagimi tanimlamak ve azaltma Onlemleri almak igin
oncelikle GK bozukluklarimin tespit edilmesi ve
siniflandirilmasi gerekmektedir [8].

GK bozukluklarini tespit etmeye ve siniflandirmaya
odaklanan c¢alismalarda, sistemleri test etmek i¢in
bozulmus sinyaller elde etmek ilk adim olarak
tanimlanmaktadir. Bu baglamda, mevcut c¢alismalarda
birkag  egilim  gdzlemlenmektedir:  matematiksel
modellerden dalga iretimi [9-11], ger¢ek diinya
sinyallerini igeren veritabanlarmin kullanimi [12] ve
gercek diinya bozulmalarinin kaydedilmesi igin veri
toplama sistemlerinin kullanimi olarak tanimlanmaktadir
[13].

Ik egilimle ilgili olarak, mevcut ¢alismalarda cesitli
matematiksel modeller Onerilmistir. Ancak elimizdeki
bilgilere gore, tiim bozulma tiirlerini i¢eren biitlinciil bir
model bulunmamaktadir. Bu c¢alismada, literatiirde
bulunan modellere dayali olarak GK bozukluklarinin
biitiinciil matematiksel modeli dnerilmektedir.

Dagittk Uretim (DU) etkisinin artik yalmzca bu
birimlerin bagh oldugu yerel yiik veya dagitim ag ile
sinirlt olmadigi, ayn1 zamanda tiim iletim sistemi iizerinde
etkisi oldugu belirlenmistir [14]. Yiiksek DU
penetrasyonuna odaklanan caligmalar genellikle sistem
kontrolii ve kararlilik {izerinedir. Bu nedenle bazi
calismalarda, DU penetrasyon seviyelerinin gii¢ sistemi
gecici kararlilig1 iizerinde farkli senaryolar i¢in incelenmis
ve DU birimlerinin, yani yakit hiicreleri ve mikro
tiirbinlerin, ¢esitli penetrasyon seviyeleri igin gii¢ sistemi
kararlilig: tizerindeki etkisi aragtirilmustir [15, 16].

Diger yandan, bazi ¢alismalar DU birimlerinin dagitim ag
lizerindeki etkisine odaklanmustir [17-19]. Secilmis DU
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birimlerinin, yani riizgar jeneratdrleri ve mikro tlirbinlerin
bulundugu bir dagitim aginin kararlilik analizi
sunulmustur [20]. DU'lerin matematiksel modelleri ii¢
fazli yiik akig algoritmasina entegre edilmis ve dagitim
aglarimin  6zel topolojik  Ozellikleri tam  olarak
kullanilmaktadir.

GK bozulmalarim iiretmek i¢in matematiksel modeller
iceren literatiirde cesitli c¢alismalar bulunabilir. Genel
olarak, bu bozulmalar IEEE Onerileri, uluslararasi
standartlar veya bu alandaki deneyimlere dayali olarak
iretilmektedir. Bu arastirma, elektrik sistemlerinde gii¢
kalitesi sorunlarimin kokenlerini ve etkilerini analiz
ederek, bu sorunlar1 ¢ozmek veya en aza indirmek igin
matematiksel modeller gelistirmeyi hedeflemektedir. Bu
modeller, enerji sebekesinin kararliligini ve giivenilirligini
artirmak, ekipmanlara zarar veren gii¢ kalitesi sorunlarini
onlemek veya diizeltmek i¢in kullanilabilmektedir. Bu
calisma ayni zamanda gii¢ kalitesi sorunlarinin énemini
vurgulamak ve enerji sektoriinde iyilestirmeler yapmak
icin temel bir aragtirma ve gelistirme ¢aligmasi olarak da
goriilebilmektedir.

II. ELEKTRIK URETIM TEKNOLOJILERI
[ELECTRICAL GENERATION TECHNOLOGIES]
Dagitilmis enerji kaynaklari, elektrik giicli iiretimi igin
kullanilan kaynaklar olup, bu kaynaklar elektrik dagitim
sistemine entegre edilmektedir. Bu kaynaklar genellikle
geleneksel ve yenilenebilir enerji olmak tizere iki ana
kategoride siniflandirilmaktadir. Geleneksel kaynaklar,
yenilenebilir olmayan kaynaklari igererek fosil yakitlari
kapsamaktadir. Diger yandan, yenilenebilir enerji
kaynaklar1 giines, riizgar, hidroelektrik gibi ¢evre dostu ve
stirdiiriilebilir enerji iiretim yontemlerini temsil eder.
Ayrica, enerji depolama teknolojileri de dagitilmis enerji
kaynaklar1 kapsaminda yer almaktadir. Bu teknolojiler,
enerjiyi depolayabilen ve ihtiya¢ duyuldugunda dagitim
sistemine saglanabilen sistemleri igermektedir. Pil
teknolojileri, donme yataklar ve siiperiletken manyetik
enerji depolama sistemleri gibi drnekler verilebilmektedir.
Bu enerji depolama teknolojileri, elektrik enerjisinin
dalgalanmalarin1 dengelemek, yiik taleplerini yonetmek
ve enerji verimliligini artirmak gibi ¢esitli amaglar icin
kullanilabilmektedir.  Dolayisiyla, dagitilmis  enerji
kaynaklari, elektrik {iretimi ve dagitimi igin cesitli
kaynaklar1 igeren bir kavram olarak tanimlanmaktadir. Bu
kaynaklar, geleneksel ve yenilenebilir enerji kaynaklarini
icermekle birlikte, ayni zamanda enerji depolama
teknolojilerini de icerebilmektedir. Bu kaynaklar, enerji
giivencesini artirmak, ¢evresel etkileri azaltmak ve enerji
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verimliligini artirmak gibi amaglarla kullanilmaktadir.

A. Dagitik Uretim Modelleri

Geleneksel DU'ler, enerji iiretimi icin diisiik hizli
tirbinler, alternatif motorlar ve gaz mikro-tiirbin gibi
yanma motorlar1 kullanarak c¢alisan jeneratorlerdir. Bu
kaynaklar genellikle kii¢iikk boyutlara sahip olmalarina
ragmen cografi olarak genis bir dagilima sahiptirler. Diger
yandan, Geleneksel Olmayan DU'ler, sifir emisyon iireten
ve c¢evreye dost olan kaynaklardir. Bu kaynaklarin ¢cogu
genellikle DC (dogru akim) giig {iretir, bu nedenle mevcut
bir AC (alternatif akim) dagitim agina entegre edilmeden
once AC giice doniistiiriilmesi gerekmektedir. Fotovoltaik
paneller ve yakit hiicreleri gibi kaynaklar, sebeke arayiizii
icin giic elektronigi doniistiiriiciilerini (inverterlerini)
kullanir. Geleneksel igten yanmali motorlar (doner
makineler) genellikle senkron jeneratorlerdir ve dogrudan
sebekeye baglanmaktadir. Riizgar tiirbinleri de doner
makineler olarak kabul edilir ve genellikle endiiksiyon tipi
jeneratorlerdir, bu nedenle dogrudan sebekeye
baglanabilirler. Bazi riizgar uygulamalarinda ve bazi
mikro-tiirbinler gibi icten yanmali motorlarda, elektronik
araylizle iligkilendirilen ek maliyet ve karmasiklig1 hakli
cikardigr icin giic doniistiiriicli/inverter cihazlar1 sebeke
arayiizii i¢in kullanilmaktadir. Bu nedenle, farkli DU
kaynaklarindan {iiretilen enerji, senkron jeneratorler, statik
giic doniistiiriiciler veya endiiksiyon jeneratorleri
aracilifiyla sebekeye enjekte edilir. Bu jeneratdrlerin veya
donistiiriictilerin  ¢alisma sekli, glic akist ¢oziimiinde
kullanilacak DU modellerini belirlenmektedir.

Dagitim  sistemi  seviyesine DU iinitelerinin
konumlandirilmasi ve yiik merkezine yakin bir konumda
bulunmas: gerektigi yaygin bir bilgi olarak kabul
edilmektedir. DU {initesinin gii¢ kayiplari, gerilim profili,
kisa devre akimi, harmonik bozulmalar ve gii¢ sistemi
giivenilirligi lizerindeki etkileri genellikle dagitim
sistemine entegre edilmeden dnce ayr1 ayri test edilir. DU
iinitelerinden kaynaklanan faydalarin elde edilmesi,
kurulduklar1 konuma bagli olarak ne kadar optimal
olduklarina biiyiikk 6l¢iide baghidir. Yapilan c¢alismalar,
iiretilen enerjinin yaklasik %13'iniin dagitim seviyesinde
kayip olarak tiiketildigini gdstermistir [35]. Dagitim
sistemindeki baska bir sorun ise yiik artisi nedeniyle
dagitim besleyicileri boyunca kabul edilebilir ¢alisma
siirlarinin altina diisen gerilim profili sorunu olarak
bilinmektedir. Bu durum, artan elektrik talebinin bir
sonucu olarak ortaya ¢ikar ve dagitim sistemi altyapisinin
giincellenmesini gerektirecektir [36]. Bu nedenle, gii¢
kayiplarini azaltmak ve hem gerilim profili hem de toplam
harmonik bozulma gerilimini (THDv) azaltmak amaciyla
DU'in gii¢ sistemlerine entegre edilmesi icin uygun
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planlama yapilmalidir. Bu siirecte dikkate alinmasi
gereken birkac faktor, kullanilacak teknoloji, iinite sayisi
ve kapasitesi, optimal konum ve ag baglant1 tiirii gibi
unsurlar olarak tanimlanmaktadir [37, 38].
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Sekil. 1. Dagitik Uretim Teknolojileri

I11. ELEKTRIK SEBEKELERINDE KULLANILAN
MATEMATIKSEL MODEL YAKLASIMLARI
[MATHEMATICAL MODEL APPROACHES USED IN
ELECTRICAL NETWORKS]

Gii¢ sistemine ait matematiksel modeller, Tablo I'de
sunulmustur. Bu modeller, farkl: tiirde bozulmalari i¢eren
hem benzersiz hem de birlesik bozulmalar1 igermektedir.
Her bir bozulma durumu i¢in, olast degerlerinin Tablo I'de
verildigi bir dizi parametre ile karakterize edilmektedir.
Salinimh gegici bir GK sorunu igin bozulmanin baglama
ve bitis zamani, salimmin genligi ve salinimin azalma
egimi tanimlanmalidir. Her bir bozulmanin belirli bir
ornegi Sekil 2'de gosterilmektedir. Bu integral model,
Matlab  gibi  sayisal  hesaplama  ortamlarinda
uygulanmistir.  Ilgilenen herhangi bir arastirmaci
tarafindan indirilebilir durumda olan bu yazilim modeli,
GK bozulmalarin1 otomatik olarak iiretmek icin bir iglev
icermektedir.  Arastirmacilar, c¢esitli  parametreleri
yapilandirma segenegine sahiptirler.

e Her smifigin liretilmesi gereken 6rnek sayisi (Ns).
Varsayilan olarak her siifi¢in 10 6rnek.

e Ornekleme frekans: (fs), 200 Hz ile 30 kHz
arasinda olmalidir. Bu parametrenin varsayilan
degeri 16 kHz.

e Temel frekans (f), 40 Hz ile 100 Hz arasinda
olmalidir. Varsayilan deger 50 Hz'dir.

e Her bozulmada temel frekansta bulunmasi
gereken dongii sayisi (N). Olasi degerler 3 ile 100
arasinda olmalidir. Varsayilan olarak her sinyal,
10 dongii icermelidir.

e Sinyallerin normal genligi (A), 0.1 V ile 400 kV
arasinda olmalidir. Varsayilan olarak islev GK
bozulmalarinin genligini birim bagina (p.u.) liretir.
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GK sorunlarinin parametreleri yazilim tarafindan rastgele
iretilir (esit dagilim), Tablo I'de bulunan olas1 degerler
arasindan se¢ilmektedir. Bu sekilde istenilen sayida egitim
ve dogrulama veri seti tiretilebilmektedir [39].

Tablo I.
Gii¢ Sistemlerinde Bozukluklarinin Matematiksel Modeli

Tanim Esitlik Referanslar
Saf Sinyal ~ v(t) = A.sin(wt — @) [8],[101,[11]
v(t)
Harmonik & [7sm(Wt —9) [12],[13],[14]
+ Zn=3ansm(nwt - )]
v() = A1 —p(ut — t;)
Kesinti “uC=6)) 15 [16][17]
— sin(wt
—9)
v(t) =A1 - a((u(t —t;)
sarkma —u =) 1) 19] [20]
— sin(wt
—¢)
v(t) = A[1 — y sin(wt
Fliker — f) sin(wt [21],[22],[23]
- )]
v(t) = A1 — B(ult —ty)
Yiikselme —ult =) [24],[25],[26]
— sin(wt
- )
v(t) = A[sin(wt — @) —
_ w(e—750(t—ta) _
Transient

e344(t—ta))(u(t _ ta) _ (t _

tb))]

A. DU Kaynaklar: ve Déniisiim Cihazlari Modellemesi

Genellikle, bir matematiksel modelleme siireci, sistemin
matematiksel bir temsilini igermeli ve bu temsil, gercek
sistem hakkinda tiim gerekli davranigi belirli kisitlamalar
i¢inde yeterince agiklamalidir. Bir DU tipinin etkisini ag
tizerinde degerlendirmek amaciyla yeterince temsil
edebilen uygun bir modelin biiyiikk 6neme sahip oldugu
kabul edilmektedir. Bu model, DU'nin agdaki etkisini
degerlendirmek i¢in kullanimi kolay bir yaklagimla temsil
edilmelidir.  Yiikk akis analizi i¢in  DU'lerin
modellenmesiyle ilgili bircok model bulunmaktadir. Bu
modeller, DU'leri sabit gii¢ faktorii modeli, sabit gerilim
modeli veya degisken reaktif gii¢ ¢ikist modeli olarak
tanimlanustir. Bu modellerde, DU baglantili noktalar,
cikis gici disik olanlar GK (Gerilim-Aktif Giig)
diiglimleri olarak kabul edilirken, yiiksek ¢ikis giiciine
sahip olanlar PV (Gerilim-Reaktif Gii¢) diigiimleri olarak
kabul edilir. Genel olarak, DU siiflandirmasi, teknolojiye
dayali siniflandirma yani sira ingaat, boyut ve ¢ikis giicii
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stresi gibi faktorlere dayali olarak yapilabilmektedir.

Modelleme amaciyla DU'ler, geleneksel veya geleneksel

olmayan olmak iizere dort ana smifa ayrilmistir. Bu

simiflandirmada, DU'lerin gii¢ transfer yeteneklerine ve
terminal Ozelliklerine dayali olarak dort ana grupta
toplandig1 gortilmektedir:

e Yalmzca aktif giic saglayabilen DU'ler, giic
doniistliriiciiler kullanarak ana aga entegre edilebilen
DU tiirii olarak smiflandirilir. Bu tiiriin &rnekleri
arasinda yakit hiicreleri, fotovoltaik paneller, mikro
tiirbinler ve riizgar tiirbinleri bulunur.

e ikinci simif, hem aktif hem de reaktif giic saglayabilen
DU iinitelerini igerir. Bu tiir DU fiiniteleri, genellikle
gaz tiirbinleri ve kojenerasyon sistemlerinde bulunan
senkron makineler temel alinarak tasarlanmustir.

e Uciincii sinif, sadece reaktif giic saglayabilen DU
tnitelerini igerir. Bu smifa o6rnek olarak senkron
kompanzatdrler verilebilir.

e Bazi DU iiniteleri, aktif gii¢ saglayabilirken ayn1 anda
reaktif gii¢ tiikketebilirler. Bu tiiriin iyi bilinen drnekleri,
endiiksiyon jeneratorleri ve ¢ift beslemeli endiiksiyon
jeneratort (DFIG) sistemleridir [40]

B. DU Sistemlerde Matematiksel Modelleme

DU sistemlerinin agdaki varligi, aga daha fazla aktif giic
tedarik edildigi anlamina gelmektedir. Bu DU kaynaklari,
ornegin fotovoltaik paneller, yakit hiicreleri, mikro
tirbinler ve riizgar tiirbinleri gibi kaynaklar, aga gii¢
elektronigi arayiizleri araciligiyla entegre edilmektedir,
Sekil 2.1'de gosterildigi gibi. Bu nedenle, yiik akisinda DU
initelerinin  modellenmesi, kullanilan  dondstiiriicii
devresindeki kontrol tekniklerine daima baglidir. Dagitim
sistemleri, iletim sistemlerinden farkli 6zelliklere sahiptir.
Bu sistemler genellikle radikal veya zay1f aglar olup hatlar
yiiksek R/X oranlarina sahip olabilir ve onemli 6l¢iide
dengesiz olabilmektedir [41]. DU'lerden gelen enerji
kaynaklari, istikrarli enerji kaynaklari (yakit hiicresi,
mikro tiirbin ve igten yanmali motor gibi) ve istikrarsiz
kaynaklar  (rlizgar ve  giines  gibi)  olarak
kategorilendirilebilir. Bu kaynaklarin ¢ikis 6zellikleri her
zaman kullamlan doniisiim iinitesine baglhdir. Ornegin,
rlizgar enerjisinin  doniistiirilmesi  i¢in  indiiksiyon
jeneratorii kullanildiginda ¢ikis sabit bir gercek giic ve
reaktif giic icermektedir. Ancak, statik dondstiiriiciiler
kullanildiginda ¢ikis, normal isletme kosullarinda sabit bir
giic faktoriine sahip olacaktir. Kaynaklarin ¢ikis
ozelliklerine dayali olarak DU modelleri &nerildigi gibi
sabit giic faktorli modeli, sabit gerilim modeli veya
degisken reaktif giic modeli olarak siniflandirilabilir. Bu
siniflandirmalara gore:

e Sabit Gii¢ Faktorii Modellerinde belirli bir gergek
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gii¢ ve reaktif giig ile gii¢ faktorii belirtilmistir. Bu
modele uygun olarak temsil edilebilen DU'ler
arasinda senkron jeneratorler ve gii¢ elektronigi
tabanli iiniteler yer almaktadir. Bu tiir DU'lerin
reaktif giicii temel alinarak hesaplanabilir.

ReaktiszZg Q(LDU) = PDutan(COS_l GFDU (1)
[42]

Alam 1GD0) = PLy(Vpe) +iPLy (Vo) (2)

e Degisken Reaktif Giig Modelinde tipik 6rnekleri,
degisken reaktif gilic iiretimi olan indiiksiyon
jeneratorleridir. Gergek gii¢ ¢ikisi, riizgar tlirbini
giic egrisine dayali olarak hesaplanan riizgar
hizina bagimlhidir, reaktif giic ise gercek giic
cikisina ve jeneratdor empadansina bagimlidir.

Parametreler mevcut olsa da, hesaplama
genellikle karmasiktir ve etkili bir gekilde
yiriitmek zordur. Bu nedenle hesaplama

genellikle kararli duruma dayalidir ve DU'nin

gercek giici olarak bir islev olarak temsil
edilebilir,

Ger¢ek Giig Q(iDU) = —Qo — Q1Ppy — QZPDUZ ®)

Qf =Ql +¢f @)

[43]
Gii¢ Cikist

e Sabit gerilim modeli, biiyiikk 6l¢ekli sistemlerin
kontrol edilebilir DU'leri i¢in tasarlanmistir ve bu
DU modelinin belirtilen parametreleri gergek giig
cikist ve hat gerilim buytkligidir. Enjekte
edilecek esdeger akim, belirtilen degeri korumak
icin gerekli olan DUnin reaktif gii¢ ¢ikismi
degerlendikten sonra gii¢ akisi analizine entegre
edilir. Bu gereken reaktif giiciin degerlendirilmesi
icin  geligtirilen  iki  dongiilii  algoritma
kullanilmaktadir.

Pk,m+1 +jQL{<,m+1 — Pik,m+1 +]'(Q£€'m +

Reaktif Gii¢ b
2jQf™) )

[44]

C. Gergek ve reaktif gii¢ kontrolii

Invertér arayiizlii DU sistemlerinin verimli isleyisini
saglama ve sebeke kararliligini siirdiirme agisindan kritik
bir rol oynamaktadir. DU sistemi igin bir gerilim kaynagi
invertorii (VSI) kullanilmaktadir ki bu, giines veya riizgar
gibi bircok yenilenebilir enerji kaynagi ig¢in yaygin bir
konfigiirasyondur. Gergek ve reaktif giic kontroliine ve
integral yaklasima iligkin:
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Gerc¢ek Giic Kontrolii:

e Gergek giic, DU sistemi tarafindan iiretilen veya
tiikketilen etkin giicii ifade eder ve genellikle watt
birimiyle dl¢iiliir.

e VSI tabanli bir DU sisteminde, gercek giic cikist
biiyiik 6lciide ¢ikis geriliminin biiyiikliigii ve faz agis1
tarafindan belirlenir. Bu nedenle gergek gii¢ ¢ikisini
diizenlemek i¢in gerilim kontrolii hayati bir éneme
sahiptir.

e Genellikle gercek giic ¢ikisini diizenlemek igin PI
(Orantili-Integral) denetleyici olarak adlandirilan
integral bir kontrol yaklasimi kullanilir. Integral
terim, istenen gergek giiciin saglanana kadar denetim
cikisini siirekli olarak ayarlayarak sabit durum
hatalarini ortadan kaldirmaya yardimei olur.

Reaktif Gii¢ Kontrolii:

e Reaktif gii¢, jenerator ile yiik arasinda gercek is
yapmayan giiciin dalgalanmasini ifade eder ve
genellikle volt-amper reaktif (VAR) birimiyle
Olgiliir.

e Bir VSI tabanli DU sistemi baglaminda, reaktif
gii¢ de cikis geriliminin biiyiikliigli ve faz agisina
baglidir.

e Reaktif gii¢ kontrolii, gerilim destek, gii¢ faktorii
diizeltme ve sistemin gerilim kararliligini
siirdiirme agisindan 6nemlidir.

e Gergek gii¢ kontroliine benzer sekilde, reaktif gii¢
¢ikisini  diizenlemek igin genellikle bir PI
denetleyici kullanilir,

Newton-Raphson Y 6ntemi'ne dayali bir parametre tahmini
teknigi ve dnceden denetim gii¢ akis kontrol teknigi, enerji
iletim hattinin parametrelerini tahmin etmek ve bu
tahminleri kullanarak gii¢ akisini onceden diizenlemek
amaciyla kullanilan bir dizi matematiksel ve kontrol
tabanli tekniktir.

Newton-Raphson  Yo6ntemi, non-lineer  denklem
sistemlerini ¢6zmek i¢in kullanilan bir iteratif sayisal bir
tekniktir. Bu yontem, baslangi¢ tahminlerine dayal olarak
bir ¢dzlime yaklasan ardisik iterasyonlar1 kullanir. Enerji
iletim hattinin parametreleri, genellikle karmasik bir
elektriksel sistemde g¢esitli direng, reaktans ve diger
parametreleri igerir. Newton-Raphson Yontemi, bu
parametreleri dogru bir sekilde tahmin etmek igin
kullanilir.

Onceden denetim gii¢ akis kontrol teknigi, enerji iletim
hattindaki gii¢ akigini 6nceden belirlenmis hedeflere gore
kontrol etmeye yonelik bir kontrol stratejisidir. Bu teknik,
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enerji iletim hattinin belirli bir siire boyunca nasil
calismas1 gerektigini onceden belirleyebilir. Bu, enerji
akisini diizenleme, sebekeye besleme yapma veya belirli
bir gii¢ dengesi saglama gibi amaglari icerir. Bu iki teknik,
enerji iletim hattinin giic akisini optimize etmek,
stabiliteyi artirmak ve belirlenmis hedeflere gore kontrol
etmek ic¢in bir arada kullanilabilir. Newton-Raphson
Yontemi, hattin parametrelerini  tahmin etmek ig¢in
kullanildiginda, bu tahminler 6nceden denetim giic akis
kontrol teknigi tarafindan kullanilabilir. Bu entegre
yaklasim, enerji sistemlerinin daha etkili ve giivenilir bir
sekilde yonetilmesine olanak taninmaktadir [45].

Gii¢ kontrol dongiisiiniin kararliligi, matematiksel olarak
Lyapunov dogrudan yontemi kullanilarak kanitlanmustir.
Bu, enerji akiginin giivenilir bir sekilde kontrol edildigini
ve dengeye ulastigin1 gostermektedir. Makale ayrica,
enerji iletim hattindaki harmonik bozulmalarla baga
cikmak ve hat akimini harmoniksiz hale getirmek i¢in bir
harmonik gii¢ kontrol teknigi onermektedir. Bu kontrol
yaklasimi, enerji iletim hattindaki harmoniklerin etkilerini
minimize etmek ve gili¢ kalitesini artirmak amaciyla
kullanilmaktadir. Bu modelin {iretilen sinyallerinin farkli
platformlara aktarilabilir olmas1 ve donamim tabaninda
uygulanabilir olmasi, potansiyel uygulama alanlarini
genisletmektedir [46].

I11. MATERYAL VE METOD [MATERIAL AND
METHOD]

Gii¢ Kalitesi Bozukluklar1 (GKB) analitik modellerinin
gelistirilmesi i¢in yayinlanmis ¢aligmalarin eksikligi
bulunmaktadir. Bu calismalar, hem sabit hem de sabit
olmayan senaryolar igin tek bir bozuklugu veya ayni anda
meydana gelen birka¢ bozuklugun kombinasyonunu dogru
bir sekilde temsil edebilmelidir. Ayrica, gii¢ sistemlerinde
bulunan genis bir GKB ve olay yelpazesini temsil edebilen
birlesik bir matematiksel modelin olmasi arzu edilir. Bu
soyutlama kullanilarak, GK analizi i¢in dogru dijital GKB
dalga formlarmin sentezlenmesi mimkiindiir. Bu
calismada, gii¢ sistemlerinde GKB'nin modellenmesi i¢in
yeni bir metodoloji sunulmaktadir. Bu metodoloji, analiz,
simiflandirma ve GKB sentezi ig¢in gerekli matematiksel
altyapimin ~ gelistirilmesini  hedeflemektedir. Onerilen
metodoloji, mevcut modellerden daha genis bir bozukluk
yelpazesini temsil etmek ic¢in birlesik bir matematiksel
temele dayanmaktadir. Ayrica, bu 0zel yetenegin
gelistirilmesi, modeli bes ana asamaya bolmek suretiyle
miimkiin oldugunu gdstermektedir. Bu agsamalar, duragan
durumla iligkili bozukluklar1 modellemek igin birinci
asama, temel frekansin frekans ve faz degisikliklerini ve
harmoniklerini modellemek icin ikinci asama, iligkisiz
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olaylar1 modellemek i¢in {iglincii asama, gegici olaylari
tanimlamak i¢in dordiincii asama ve Gauss giiriiltiisii ve
renkli giiriiltii ile birlikte eklemeli giiriiltii i¢in bir bolim
icermektedir. Onerilen metodolojinin  dogrulanmasi
siireci, Onerilen matematiksel model ve bu c¢alismada
gelistirilen metodoloji kullanilarak adim adim bir dalga
formunun olusturulmastyla gerceklestirilir. Ayrica, farkl
standart kaydedilmis dalga formlariyla dogruluk agisindan
karsilagtirmalar yapilir. Bu ¢alisma, gelistirilen modelin
bir dalga formu {ireteci olarak performansini
degerlendirmek ve yapilandirilmis matematiksel bir model
temelinde eszamanli GKB'yi yeniden iiretme yonteminin
dogrulugunu ve performansint degerlendirmek i¢in
kullanilir. Bu metodolojinin potansiyel uygulamalari
arasinda GK analizinde sinyal isleme algoritmalarmin
kurulmast ve test edilmesi, izleme, simiflandirma,
filtreleme ve hatta senkrofazor algoritmalarmin test
edilmesi ic¢in dogru bir sekilde sentetik dalga formlari
iiretmek yer almaktadir. Onerilen matematiksel aracin, bir
GKB tiiriinli temsil etmek i¢in bir matematiksel modeli
ayarlamak icin uygun oldugu ve ger¢cek kaydedilmis
ornekleme sinyalinden elde edilen dalga formuyla da
uyumlu oldugu gosterilmektedir [47]

Integral yaklasim, hem ger¢cek hem de reaktif giigleri
diizenlemek icin integral kontroliin (Pl denetleyici

icindeki "I" anlamma gelir) kullanilmasin1 ifade
edilmektedir [46]
P= (Vc””sE/ X) sind (6)
Faz Agist (Viss? = ViatasEC058) [44]
Q — Ugtkis cLkis /X (7)

DU biriminin ¢ikis gerilim kontrolii zaten mevcut oldugu
i¢in, gli¢ denetleyicisinin gorevi, istenen giic degerlerine
iretmektir. Bu islem, Sekil 2'de gosterilen istenen ve
gercek degerlere dayali olarak gergeklestirilir.

P, Q kontrol |«
Pref,
Qref P, Q i

1P ,
: > i—»
U > pra Vi

ep, eq

Y

Sekil. 2. Sebekeye bagli mod igin kontrol yapist

istenen DU ¢ikis gerilimi ve gii¢ agis1, yukaridaki
denklemleri kullanilarak, belirli istenen ve gergek degerler
ile sistem parametrelerine dayali olarak hesaplanabilir.
Boylece gii¢ kontrol sorunu ¢oziilmiis olacaktir. Ancak,
pratik sistemlerde mevcut teknikler nedeniyle yukaridaki
yaklagimin uygulanabilir olmadigi ii¢ temel neden vardir:

e Bu denklemleri ¢ézmek igin gerekli olan giic
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sistemi parametrelerini ve X'i bilmeyi gerektirir Ki
bu mevcut yaklasimlara dayali olarak zor bir istir.
Pratik olarak, X'in degeri gii¢ sisteminin isleyisi
nedeniyle degisebilir.

e Hem 0 hem de V, paydalarda goriindiigiinden ve
ozellikle 0 kiiciik oldugunda 6 varyasyonlarina
duyarlidir. Giig sistemi kapasitesi ile DU'nin gii¢
derecesi arasindaki fark ne kadar biiyiikse, X
degeri o kadar kiigiiliir.

e Her iki denklem de ger¢ek zamanl olarak
¢Oziilmesi zor olan nonlineer denklemlerdir, bu da
bu fikrin pratikte uygulanmasini engeller.

[}

Bu nedenle, X bilgisini gerektiren gii¢ kontrol ¢oziimleri
pratik olarak kullanilmamis ve insanlar alternatif ¢oziimler
aramaya yonelmistir.

Bu makalede onerilen integral matematiksel model, GK
olaylarinin otomatik tespiti ve smiflandirilmasinin
alaninda faydali olabilir. Bu alandaki arastirmacilar,
algilama ve siniflandirma algoritmalarini test etmek igin
egitim ve dogrulama veri setleri olusturmak i¢in bu modeli
kullanabilirler. Bu, oOnerilerinin uygulanabilirligini hizla
kontrol etmelerine olanak tanir ki bu énemli bir avantaji
temsil eder. Ozellikle bir arastirmanin erken asamalarinda,
elde edilebilecek zaman tasarrufu goz oniine alindiginda
bu oldukca ilgi ¢ekicidir. Ayrica, yazili model farkli
parametrelerin ayarlanmasina izin verdigi icin, farkli
kosullarda (6rnegin ornekleme frekansi, yakalanan
dongiiler, temel genlik vb.) sinyaller kolayca iiretilebilir.

Bu tir bozulmalar, smiflandirma sistemlerini farkli
calisma kosullar1 altinda test etmek i¢in kullanilabilir.
Ayrica, herhangi bir arastirmaci, kodun GNU GPL lisans1
altinda dagitildig1 i¢in modelleri kendi ihtiyaglarina gore
uyarlayabilir. Ayrica, bu modelde diisliniilmeyen not
temelli bozulmalar gibi baska birlesik bozulmanin kolayca
uygulanabilmesi de miimkiin olabilir. Dahasi, Sekil 3’te
farkl1 giiriiltii seviyeleri kolayca gosterilmektedir.
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Saf Sinyal Saf Sinyal

AAVATAVAVRLVAVAVAVAY.

Yiikselme Yiikselme

AVAVAVAVAVRAVAVAYAVAY

Harmonik Harmonik

A AYAVAYRUVAVAYAYAY

Sekil. 3. Harmonik Doniisiimleri

Lineer olmayan yerel yiikler bulundugunda, Onerilen
Kontroliin hat akimi {izerinde etkili olmamasi beklenir.
Sekil 4°te, sistemdeki li¢ farkl1 konumda, hat akimi, iinite
c¢ikis akimi ve inverter akimi dahil olmak {izere akim dalga
formlarmi sergilemektedir. Dalga formlari, tim akim
harmoniklerinin DU birimi tarafindan alindigini ve sistem
hatt1 akiminin temiz oldugunu gostermektedir. Bu, gerilim
kontrol dongiisiiniin DU ¢ikisinda gerilim harmoniklerini
ortadan kaldirarak ve harmonik akimin enerji sebekesine
veya sebekeden akmasini 6nleyerek gergeklesir [46].

40
201
ot
-20

-40 - - : : ' ' :
292 293 294 295 296 297 298 299 3

20

LEEREIGIIIES

I gikig ABC(A)

1 hat ABC(A)

-20
292 .93 . .95 . . 2. . 3

40
20§
OF
20k

linvertér ABC(A)

-40 s - 4 ' ' ; ;
292 293 294 295 29 297 298 299 3

Zaman (dakika)

Sekil. 4. Dogrusal olmayan yerel yiik altinda DU {initesi ¢ikis
akimi i, sistem hat akimi i ve invertdr akimi i'nin mevcut dalga
bi¢imleri.

IV. SONUC VE DEGERLENDIRME [CONCLUSION]

Bu makale, enerji iletim hattina bagli bir yerel yiik ile
birlestirilmis tek bir dagitilmig iiretim iinitesi i¢in gii¢
akigim kontrol etme ydntemini sunmaktadir. Onerilen
kontrol teknigi, saglam bir voltaj denetleyici ve bir siirekli
akim denetleyici iizerinde ¢alisan {i¢ fazli {i¢ hattali bir
inverter yapisina dayanmaktadir. Bu kontrol yaklagimu,
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enerji akisinmi diizenlemek ve sebekeye besleme yapmak
amaciyla kullanilmaktadir.

Enerji iletim hatt1 parametrelerini elde etmek ve bu bilgiyi
giic akisgimi Onceden diizenlemek i¢in kullanmak igin,
Newton-Raphson Y 6ntemi'ne dayali bir parametre tahmini
teknigi ve Onceden denetim gili¢ akis kontrol teknigi
gelistirilmistir. Bu, enerji iletim hattinin karakteristiklerini
dogru bir sekilde hesaplamak ve enerji akisini planlama ve
diizenleme acisindan Onemlidir. Ayrica, gii¢ kontrol
dongiistiniin  kararliligi, Lyapunov dogrudan yontem
kullanilarak matematiksel olarak kanitlanmigtir. Bu, enerji
akisinin giivenilir bir sekilde kontrol edildigini ve dengeye
ulastigin1 gosterir. Makale ayni zamanda, enerji iletim
hattindaki harmonik bozulmalarla basa ¢ikmak ve hat
akimini harmoniksiz hale getirmek i¢in bir harmonik gii¢
kontrol teknigi dnermektedir. Bu, enerji iletim hattindaki
harmoniklerin etkilerini minimize etmek ve giic kalitesini
artirmak amaciyla kullanilir.

Bu model tarafindan iiretilen sinyallerin Matlab digindaki
platformlara aktarilabilir olmasi onemlidir. Bagka bir
potansiyel uygulama ise integral modelin donanim
tabaninda uygulanmasi olabilir, bu sayede belirli bir
yaklasimin gercek diinya performansini test etmek
miimkiin hale gelir. Bu, su anda canli bir aragtirma hatti
olan bir uygulamadir. Ayrica, mevcut ekipman veya
donanim uygulamalarinin dogrulugunu test etmek igin
kullanilabilir. Ozetle, bu makale, literatiirde bulunan
Gerilim-Kontrollii (GK) bozulmalarinin farkli tiplerini
iceren bir integral matematiksel model sunmaktadir.
Bildigimiz kadariyla, bu modelin yazili temsili, herhangi
bir ilgili arastirmacit tarafindan indirilebilecek ve
degistirilebilecek sekilde serbestge sunulan ilk modeldir.
Bu, GK olaylarmin otomatik tespiti ve siniflandiricilarinin
hizli bir sekilde gelistirilmesi i¢in son derece faydali
olabilir.

Sonug olarak, bu ¢aligmanin hem simiilasyonlarla hem de
gercek diinya deneyleriyle desteklenmis sonuclari,
onerilen kontrol yaklasiminin enerji akisi diizenleme ve
hat akimi diizenleme konularinda etkili oldugunu
gostermektedir. Bu tiir bir kontrol yaklasimi, dagitilmis
enerji liretimi ve enerji iletim sistemleri i¢in daha verimli
ve giivenilir ¢aligma imkan1 sunmaktadir.
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Ebu Nasr Muhammed Al-Farabi,
Bati'da bilinen ismiyle Alpharabius (872 — 950):

2 ANDb "mnpnsu

Siyaset felsefesi, metafizik, etik ve mantik alanlarinda yazan
Gnli bir erken islam filozofu ve hukukcuydu. Ayni zamanda
bir bilim adami, kozmolog, matematik¢i ve mizik
teorisyeniydi.

islam felsefe geleneginde, "ilk Ogretmen" olarak bilinen
Aristoteles'in ardindan genellikle "ikinci Ogretmen" olarak
anilirdi. Orta Cag boyunca orijinal Yunanca metinleri,
yorumlari ve incelemeleri araciligiyla korumakla ve ibni Sina
(Avicenna) ve Sefarad Yahudisi filozof ibn Meymun gibi bircok
onde gelen filozofu etkilemekle taninir.

El-Farabi ayni zamanda Aristoteles¢i olmayan bir mantik
A2 ‘ gelistiren ilk Misliman mantikclydi. Gelecekteki olumsal
- konulari, kategorilerin sayisi ve iligkisini, mantik ve dilbilgisi

anTA CCCP 1975 arasindaki iligkiyi ve Aristotelesci olmayan ¢ikarim bigimlerini
L R e S T [ tartisti. Ayrica mantig, birincisi "fikir" ve ikincisi "kanit" olmak

Russia 1975 SC# 4360 Nasr al-Farabi Arab Philosopher Individual Stamp tizere iki ayn grUba aylrmaSIyIa taninir.

Abu Nasr Muhammad Al-Farabi , known in the West as Alpharabius (872 — 950) :
He was a renowned early Islamic philosopher and jurist who wrote in the fields of political
philosophy, metaphysics, ethics and logic. He was also a scientist, cosmologist, mathematician and music theorist.

In Islamic philosophical tradition he was often called "the Second Teacher", following Aristotle who was known as
“the First Teacher'. He is credited with preserving the original Greek texts during the Middle Ages via
his commentaries and treatises, and influencing many prominent philosophers, such as Avicenna and Sephardic
Jewish philosopher Maimonides.

Al-Farabi was also the first Muslim logician to develop a non-Aristotelian logic. He discussed the topics of future
contingents, the number and relation of the categories, the relation between logic and grammar, and non-
Aristotelian forms of inference. He is also credited for categorizing logic into two separate groups, the first being

“idea” and the second being “proof.”
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