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EDITOR NOTU / Editor Note

Journal of Scientific, Technology and Engineering Research,
miihendislik uygulamalarinin tiim akademik ve teknoloji odakl
taraflara ulastirllmasi amacina yonelik olarak yayinlanan dergi ilk
yilin1 tamamlamis olup, web sayfas1 78 farkh tilkeden arastirmaci
tarafindan ziyaret edilmis ve yakin ilgiye mazhar oldugunu
gostermistir.

JSTER, yerli ve yabanci arastirmacilara, bilim, teknoloji ve
miihendislik alanlarindaki calismalarini ve emeklerini gostermeleri
acisindan kendilerini ifade etme sansi veren bir platfom olmustur.

Bilim, Teknoloji ve Miihendislik Arastirmalar1 Dergisi, hedefledigi
misyonu dogrultusunda kalitesinden 6diin vermeden yoluna devam
etmeyi siirdiirecektir. Kendisine, ileride uluslararasi alanda atif alan,
makaleleri gozlenen bir akademik dergi olmayi hedefledigi bu
mecrada siz yazarlarin ve okuyucularin destegi ile biiylimeye devam
edecektir.

Journal of Scientific, Technology and Engineering Research has
completed its first year published for the purpose of delivering
engineering applications to all academic and technology-oriented
parties, and its website has been visited by researchers from 78
different countries and has shown that it has attracted close
attention.

JSTER has been a platform that gives local and foreign researchers
the chance to express themselves in terms of showing their work and
efforts in the fields of science, technology and engineering.

Journal of Science, Technology and Engineering Studies will
continue on its way without compromising its quality in line with its
mission. It will continue to grow with the support of you, the authors
and readers, in this medium, where it aims to be a academic journal
that will receive international references and watch its articles in the
future.

Dr. Mehmet BULUT
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Articles published in the journal may not be published elsewhere without
permission or can not be presented as a paper in conferences, seminars,
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GRAPHICAL ABSTRACT

= Weld sinkage type
discontinuity is considered
here which is occured
during fabrication process
of pressure vessel.
Literatures on the study
area are not many and
have importance in design
of pressure vessel to
various engineering field.

= Non-linear( geometric and
material) FEA carried out
in this article.

= The stress concetration
factor due to cir-seam
weld sinkage is reported.

= Unintentionally
discontinuity stress
introduced during
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process is studied.
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The presence of weld sinkage in cir-seam joint of pressure vessels (cylindrical and spherical)
has been investigated in this work. The discontinuity considered here is named as weld
sinkage. The corresponding discontinuity stress introduced during fabrication process is
analysed. Here only geometric aspects are being considered and the discontinuities are
assumed to be free of residual stress. Non-linear finite element analysis (NL-FEA)
performed. The vessel material of HSLA 15CDV6 is considered. Graphically the
deformations and stress distributions( meridional, hoop and effective) along axial distance
are shown. The effective (von-Mises) stress is found at sinkage location around 2 and 4 times
higher than nominal stress ( stress away from weld sinkage location) for cylindrical and
spherical vessel respectively.The results are shown in Figure A.
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Figure A. The Effective stress distribution in (a) cylindrical and, (b) spherical shell

Aim of Article :To find the stress concentration factor due to discontinuity stress at weld
sinkage location of a pressure vessel.

Theory and Methodology : The Non-linear (both material and geometric) finite element
method has been used to study the problem.

Findings and Results: Results show that the stress concentartion factor is 2 to 4 times for
cylindrical and sperical vessel at sinkage location as compared ti nominal stress region(
away from discontinuity region).

Conclusion : NL-FEA (geometric and material) has been attempted in this work to predict
the actual structural behavior of pressure vessel (cylindrical and spherical) segments of
equal thickness in presence of sinkage type mismatch in the circumferential weld joint. The
effective (von-Mises) stress is found at sinkage location approximately 2 and 4 times higher
than nominal stress( stress away from sinkage location) for cylindrical and spherical
pressure vessel respectively. This study ( weld sinkage) is having importance to pressure
vessel design which is common in aerospace, mechanical and chemical engineering sector,
which is occurred from manufacturing process. However, these results (stress concentration
factor) will be further verified through different thickness of pressure vessel segments with
different sinkage radius and its occurrence at cir-seam and long-seam location from
fabrication process of pressure vessel. This work can be extended to find the burst pressure
of pressure vessel in presence of weld sinkage to find its capacity.
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= Weld sinkage type discontinuity is considered here which is occured during fabrication process of pressure
vessel.Literatures on the study area are not many and have importance in design of pressure vessel to various engineering

field.

= Non-linear( geometric and material) finite element analysis carried out in this article

= The stress concentration factor due to cir-seam weld sinkage in pressure vessel is reported.

= Unintentionally discontinuity stress introduced during fabrication/manufacturing process is studied. The obtained results
are important in design of pressure vessel with application to aerospace and chemical industry.
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The presence of weld sinkage in cir-seam joint of pressure vessels (cylindrical and
spherical) has been investigated in this work. The discontinuity considered here is named
as weld sinkage. The corresponding discontinuity stress introduced during fabrication
process is analysed. Here only geometric aspects are being considered and the
discontinuities are assumed to be free of residual stress. Non-linear finite element
analysis (NL-FEA) performed. The vessel material of HSLA 15CDV6 is considered.
Graphically the deformations and stress distributions( meridional, hoop and effective)
along axial distance are shown. The effective (von-Mises) stress is found at sinkage
location around 2 and 4 times higher than nominal stress( stress away from sinkage
location) for cylindrical and spherical vessel respectively.

Keywords: Circumferential joint, Finite element analysis, Nonlinear analysis, Pressure
vessels, Weld sinkage

I. INTRODUCTION

In the aerospace, nuclear power, oil, chemical, and
many other industries pressure vessels are widely
used. In fabrication, various segments are joined
together by welds or some other means to form
complete pressure vessels. Certain regions of pressure
vessels were exist, where structural continuity cannot
be satisfied by the membrane forces alone. Such
regions are called as discontinuity regions. The stress
associated in these region is termed as discontinuity
stress. Presence of discontinuities in thickness, radius

and slope in the manufactured product causes
additional bending stress. In the discontinuity region
the stress distribution may change. It is desirable to
reduce the number and magnitude of discontinuity to
a minimum. In the context of effects of distortion at
welded joints, the distortions considered are mismatch
[1-8], weld sinkage [9] (peaking or angular
mismatch), slope discontinuities and out of roundness in
pressure vessels. Literature studies show that there is
very limited work available. In the present work, to
predict the structural behavior of pressure vessel
segments of equal thickness with weld sinkage type
discontinuity is considered and corresponding
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discontinuity stress introduced during fabrication
process is analysed. Further, here only geometric
aspects are being studied and the discontinuities are
assumed to be free of residual stress. NL-FEA[10] is
carried out to model the pressure vessel with presence
of sinkage type weld mismatch. The stress
concentration factor due to weld sinkage is reported.
These results are very much useful as a design guide
lines for researchers and design engineers working in
pressure vessel fields.

I1. WELD SINKAGE[9] (ANGULAR DISTORTION)

Weld sinkage [9] is the term used to describe the
meridional slope discontinuity of the general shape.
This is symmetric, around the circumference of the
shell and also with respect to its lowest point. This
type of discontinuity is frequently occurring during
welding. The geometric aspect of the discontinuity is
considered here and shown in Fig.1.The shell is
considered stress free before the application of the
first pressure loading. A cylinder subject to peaking
distortion at the welded joint could be treated as a
special case of a noncircular cylinder(Fig.1).

Figure 1. Typical weld sinkage in cylinder and sphere[9]

The main geometry parameters of sinkage [9] are
sinkage length (L), sinkage depth (A) and angular
change (Ap) and shown in Fig. 2.

A

-+

Figure 2. Sinkage geometry parameters

The two other parameters considered for the weld
sinkage [9]are pressure nonlinearity parameter (p) and
geometry factor (p) and given in equ.(1) and equ.(2)
respectively. The parameter is related to the structural
geometry only as follows.

0.55 Ad
u="3sin(7)VEe "
o P
T ==
MLt (2)

1. FINITE ELEMENT ANALYSIS

NL-FEA (material and geometric) has been carried
out[3,4] on pressure vessels(cylindrical and spherical)
having weld sinkage[9] in the cir-seam
(circumferential direction) joint as shown in the
Figure 3. R is the radius of cylinder and sphere. t is
the thickness of shell. Rr is the sinkage radius or
toroidal meridional radius. The geometric details of
the vessels used are given in Table | and Table II.

An axi-symmetric model with PLANE 42 element of
Ansys[10] is wused for FE idealization. The
convergences of the results were verified by
analyzing the models with different mesh density.

The material used for the vessel is HSLA 15CDV6
[3,4] having Young’s modulus (E) 206010 MPa,
Poisson’s ratio of 0.3,yield strength 834 MPa and
ultimate strength 0f 981 MPa.

Internal pressure is estimated by considering the
pressure nonlinearity parameter as 0.05[9]. The length
of vessel is considered here such that the discontinuity
stress disappears and the membrane stress exists away
from the junction (i.e. sinkage location). Further the
stress away from discontinuity region becomes
nominal stress (hoop=PR/t; meridional PR/2t for
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cylindrical shell and hoop=meridional stress = PR/2t
for spherical shell)[11].

SPHERE

SPHERE

Figure 3. Geometry of cylindrical and spherical pressure
vessel having weld sinkage[9]

The boundary conditions are applied on the shell as
follows. One end of the longitudinal edge of
cylindrical shell vessel is constrained in the axial
direction to avoid rigid body motion and at the other
edge end force corresponding to closed end condition
is applied as a pressure load [3].

In spherical pressure vessel symmetric boundary
conditions are applied at symmetry plane. The loading
in vessel is internal pressure load which is applied on
inner surface. NL-FEA (material and geometric) is
performed.

Table 1. Geometric detail of cylindrical pressure vessels
having weld sinkage[9]

t R t
a/tb

1 216 2.5 30 1.626 24.7 0.05 1.68

Table I1. Geometric detail of spherical pressure vessel
having weld sinkage

t R t
a/tb

1 216 2.5 172 8.0 55.2 0.05 0.74

Sinkage location

.<._._._._._._._._._._._._._._._._._._._.._._._._._._._._._._

—x Uy =0
(@) Cylindrical

tp

(b)  Spherical Uy =0

Figure 4. Finite element model showing weld sinkage in
(a) cylindrical and (b) spherical vessel at cir-seam joint

I11. RESULT AND DISCUSSIONS

Stress distributions and deformations were plotted
along axial distance for both vessels with sinkage at
cir-seam joint. Figures 5 and 6 show the distribution
of meridional stress, hoop stress and effective stress
in a cylindrical vessel. The stress distributions are
found to be symmetric with peaks at the weld. The
discontinuity stresses are diminishes and membrane
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stress exists away from the joint. The deformations in
axial and radial direction are also given for cylindrical
pressure vessels in Figure 7.

A. Cylindrical Pressure Vessel

T m [ = .Ul.l
250 in cxtindricat s
- £ 200 H—
= i innersurface
- ] c
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] AT
% 100 A ;
R g § () —
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0 I\?rl‘gridionallclqgtance inlrSnQn 200
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Figure 5.(a) Meridional stress and (b) Hoop stress
distribution for cylindrical pressure vessel
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Figure 6. Effective stress distribution for cylindrical
pressure vessel
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Figure 7.(a) Axial and (b) radial deformations of cylindrical

pressure vessel

B. Spherical Pressure Vessel
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Figure 8.(a) Hoop and (b) Meridional stress distribution for

spherical vessel

Figures 8-9 give the meridional, hoop, effective stress
distributions at the joint of spherical pressure vessel
having sinkage. It is seen from that stress distribution

The peak effective stress at sinkage location (B) is
approximately 4 times of nominal stress region (A) in
spherical shell is found as shown in Figure 9. The
axial deformation is shown in Figure 10.

IV. CONCLUSION

NL-FEA (geometric and material) has been attempted
in this work to predict the actual structural behavior
of pressure vessel (cylindrical and spherical)
segments of equal thickness in presence of sinkage
type mismatch in the circumferential weld joint. This
type of weld sinkage is unexpectedly occurred from
fabrication process. Non-linear finite element results
were verified by analyzing the models with different
mesh density through the convergences study. The
location of the peak stress is found through FEA and
found the effective stress at sinkage location is 2 and

curves of similar trend as that of the cylindrical vessel.4 times approximately higher than nominal stress for
The peak effective stress at sinkage location (B) is aroundCylindrical and spherical shell respectively. The trend
2 times of nominal stress region (A) in cylindrical shell isOf stress distribution along the axial distance of

found as shown in Figure 6.

500 Hinkase I!Egirm
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.; 300 444444444 Uutersur—face !I FE i
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Meridional distance in mm

Figure 9. Effective stress distribution in spherical shell

0.2 i spnfici! shell

0.15

E—TAY
0.05 \j

0 100 200
Meridional distance in mm

Pty

Axial deformation inmm

Figure 10. Axial deformation distribution for spherical
shell

spherical pressure vessel is similar to that of
cylindrical pressure vessel. The discontinuity stresses
are found to be symmetric on either side of the weld
sinkage joint of both wvessel (cylindrical and
spherical).

However, these results (stress concentration factor )
will be further verified through different thickness of
pressure vessel segments with different sinkage radius
and its occurrence in cir-seam and long-seam location
from fabrication process of pressure vessel. This work
can be extended to find the burst pressure of pressure
vessel in presence of weld sinkage to find its capacity.
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Conclusion :
semantic and metric maps incrementally so that it decreases computational complexity.

This study aims to create semantic and metric maps of a post-disaster indoor environment
similar to standard the National Institute of Standards and Technology (NIST) search and
rescue test arenas that first-responders can easily read. We prefer to use point cloud data
acquired with an RGB-D camera since it does not be affected by post-disaster environments’
dusty and dull nature. Besides, each point cloud data is processed separately so that the
semantic and metric maps grow incrementally. The Dynamic Graph Convolutional Neural
Network (DGCNN) is used to classify points as sematic categories such as walls, terrain, and
inclined and straight ramps. RTAB-Map and the semantic map are utilized to generate the
octree-based 3D metric map. The experiments are conducted in a simulated environment
modelled with Gazebo similar to NIST test arenas to show the effectiveness of the proposed
method.

Figure A. The metric(left) and semantic(right) maps of the environment

Aim of Article: This study aims to construct semantic and metric maps of a search and rescue
test arena with a mobile robot.

Theory and Methodology: The point cloud data is used to generate semantic and metric maps.
DGCNN architecture is applied to determine the semantic class of points. The RTAB-Map and
semantic map are utilized to generate an octree-based 3D metric map.

Findings and Results: Figure A shows our experimental results. As seen from the figure, the
proposed method produced accurate semantic and metric maps.

The proposed method process each point cloud data separately and grows the
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HIGHLIGHTS/ONE CIKANLAR

Afet sonrasi bina i¢i ortamlarda ilk yardim ekiplerinin kolaylikla kullanabilecegi anlamsal ve metik harita tiretilmistir.

Anlamsal haritanin ¢ikarilmast i¢in nokta tabanl derin 6grenme mimarisinden faydalanilmigtir.

8-li agag¢ yapisinda 3B metrik haritada sadece dolu ve bos vokseller degil duvar, zemin ve rampalara ait olan vokseller de yer
almaktadir.

Test sonuglar: 6nerilen yontemin dogrulugu yiiksek haritalar tiretebilecegini gostermigtir.

Article Info / Makale Bilgi ABSTRACT / OZET

Gelis Tarihi : 16.02.2021

Kabul Tarihi : 08.03.2021 Bina i¢i ortamlarda zehirli madde yayilimi, sel, yangin ve deprem gibi afetlerden sonra robotlar
Yayim Tarihi: 21.06.2021 kullanilarak arama ve kurtarma yapilmasina yonelik ¢aligmalar son yillarda hiz kazanmigtir. Bu

calismanin ana motivasyonu, ilk yardim ekiplerinin kolaylikla kullanabilecegi afet sonrasi bina

DOI:10.5281/zenodo.4589489 ici ortamin metrik ve anlamsal haritalarini olusturmaktir. Bu ¢alismada, afet ortaminda

*Corresponding Author /
Sorumlu Yazar:

karsilagilabilecek toz, duman ve yetersiz 1siklandirma gibi faktorlerden etkilenmeyen ve
nesnelerin geometrik yapisin1 yiiksek dogrulukta temsil edebilen nokta bulutu verilerinin
kullanilmasina karar verilmistir. Her bir adimda alinan nokta bulutu ayr1 ayri islenerek dnerilen
yontemin hesaplama karmasikliginin diisiiriilmesi amaglanmistir. Anlamsal haritanin iretilmesi

Burak KAL_ECL ) asamasinda ge¢mis ¢aligmalardan farkli olarak nokta tabanli derin 6grenme mimarisi DGCNN
burakaleci@gmail.com, kullanilmistir. Béylece nokta bulutunda yer alan her noktanin anlamsal smifi (duvar, zemin,
Tel: +90 555 7375966 egimli ve diiz rampa) belirlenmistir. 3B metrik haritanin olusturulmas: igin RTAB-Map ve

anlamsal harita birlikte kullanilarak 8-1i aga¢ yapisinda bir gosterim elde edilmistir. Bu haritada
onceki caligmalardan farkli olarak sadece dolu ve bos vokseller degil, ayn1 zamanda duvar,
zemin ve rampa smiflarina ait olan vokseller de yer almaktadir. Onerilen ydntemin test edilmesi
icin Gazebo benzetim ortaminda NIST ortamlarina benzer bir test alan1 modellenmis ve bir
Pionner 3-AT gezgin robot teleoperasyon yontemi ile gezdirilmistir. Test sonuglar1 Gnerilen
yontemin bagarili bir sekilde anlamsal ve metrik harita iretebildigini gostermistir.

Anahtar Kelimeler: Arama ve Kurtarma, Gezgin Robot, 3B Anlamsal Harita, 3B Metrik
Harita, Nokta Bulutu, Nokta Tabanli Derin Ogrenme
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I. INTRODUCTION

After disasters such as fire, earthquakes, floods, and toxic
substances, post-disaster indoor environments could be
hazardous for search and rescue teams that include
humans and animals. The main risks in these
environments are the possibility of spreading dangerous
matters and collapsing due to the structural breaking
down. For these reasons, the studies that addressed search
and rescue tasks exploiting robots in these environments
have been gained popularity. Although using robots in
search and rescue tasks could appear an appropriate
solution to avoid risks for humans and animals, post-
disaster environments would be challenging even for
robots to achieve the tasks they are expected to perform.
The primary difficulties in post-disaster environments
that the robot must cope with are uneven terrain and
poorly lightened circumstances due to these
environments’ dusty and dull nature. To deal with these
challenges, the robots that operate in post-disaster
environments must have advanced capabilities such as
interpreting raw data, producing semantic information,
and being aware of circumstances. Thanks to the
improvements  in  perception  technologies and
corresponding algorithms and software, robots approach
to reach these abilities. However, it is necessary to
observe steadily positive and negative aspects of
improved methods for giving direction to future works.
Unfortunately, the researchers generally may not have the
opportunity to test their works since post-disaster indoor
environments are rarely faced, and building these
environments is complicated and expensive. In order to
overcome that problem, DARPA and RoboCup
organizations regularly constituted competitions for
search and rescue missions.

The RoboCup rescue competitions have been conducted
since 2001. The main goal of these competitions is to
increase the performance of the robots in search and
rescue missions. After the first competition, Kitano and
Tadokoro [1] revealed challenges about these missions
and introduced the first standards and evaluation metrics.
Then, Jacoff et al. proposed reference test arenas for
autonomous mobile robots developed by NIST [2]. An
example reference test arena is shown in Fig. 1. Also,
they defined objective performance evaluation criteria
such as the number of locating victims and producing
accurate maps that first-responders can easily read. In
2006, the RoboCup rescue competitions were separated
into two categories: Agent and the virtual robot
competitions. While the agent competitions aimed to
coordinate multi-agents systems that include police
officers, firefighters, and first-responders to handle

disasters in urban scenarios, virtual robot competitions
focused on navigation, mapping, and victim detection [3].
After the first virtual robot competition, Balakirsky et al.
[4] assessed the performance of the participant teams
under specific standards and criteria. In order to evaluate
the maps, they used metrics such as attributions that
indicate crucial points such as victims and obstacles,
accuracy, skeleton and metric quality, and utility that
provides cleared regions, locations that the victims are
trapped for first responders. The participant teams
generally preferred to generate topological maps with 2D
lasers. Over the years, the researchers developed new
methods to improve the mapping capabilities of the
robots. For example, in 2009, teams preferred to use
image processing approaches to produce the
environments’ metric map [5]. These improvements
promoted the administration of the competitions to
introduce more challenging environments for robots. In
2010, active elements such as smoke, elevator, and the
ferry was integrated into the environments. The
champion team at RoboCup 2012 used the simultaneous
localization and mapping (SLAM) approach to generate
geometric map of the environment. The SLAM approach
segmented the laser scans into lines depending on the
distance between successive points. Besides, the
produced line segments were used to construct a semantic
map that separates the environment into spaces such as
small rooms, large rooms, and corridors divided by
doorways. This was the first attempt to construct
semantic maps in the search and rescue domain [6]. Sheh
et al. [7] overviewed the 16 years of Robocup rescue
competitions. The authors emphasized the robots'
progress in terms of mobility, autonomy, perception, and
adaptation to inhospitable environments such as poor
lighting and piles of rubbles. Then, they announced
novelties in the competition for the coming years.
Probably, the most important one was using Robot
Operating System (ROS) together with Gazebo
simulation environment. ROS [8] is a commonly used
framework to perform robotic applications. It contains
libraries (in other words, packages) for a variety of
purposes, from mapping to manipulation of a robot arm.
ROS generally operates with Gazebo [9] simulation
environment, which provides high-performance physics
engines and 2D/3D sensors.
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Figure. 1. An example reference test arena [5].

After ROS and Gazebo's introducing, participants of the
virtual robot competition began to use ROS packages
together with Gazebo. For example, in 2017, Chukyo
Rescue A Team [10] employed GMapping [11] and
Hector SLAM [12] packages for mapping. GMapping
[11] is a well-known mapping approach since it was
introduced because it could be employed in both indoor
and outdoor applications. The main advantage of that
method is the ability to create accurate maps with low
computational ~ complexity.  However, GMapping
approach accepts raw 2D laser range data and odometry
to generate a 2D occupancy grid map. Similarly, the
Hector SLAM [12] approach was applied to produce 2D
metric maps. The Hector SLAM's positive aspects are it
does not need to use odometry data and has a high update
rate. YILDIZ Team [13] utilized Octomap [14] to
describe 3D environments. OctoMap was proposed to
build a representation (in other words, map) of 3D
environments based on octree data structure [14]. First,
the data is represented with only one voxel that contains
all points. Then, it splits into eight voxels of the same
size. The process is repeated until the predefined depth,
or voxel size is accomplished. The main contribution of
OctoMap representations is using a probabilistic
occupancy estimation approach to determine free,
occupied, and even unknown voxels. Besides, OctoMap
is @ memory-efficient representation when it is compared
to previous approaches. However, the computational
complexity of OctoMap is not appropriate to produce
fine-detailed maps. For example, as the voxel size
decreases, especially less than 0.05 meters, to describe
details of scenes, OctoMap requires significant durations
for generating maps. Also, it does not take into account
the semantic clues of the scenes. In 2018, SOS RS Team
[15] exploited FastSLAM algorithm [16] for mapping.
FastSLAM algorithm uses the 2D laser range data as
input and generates the geometric map of the

environment. This algorithm decreases computational
complexity of SLAM approaches significantly. In the
same year, AutonOHM Team [17] employed one of the
ROS packages, which is called ohm_tsd_slam [18] to
generate a 2D map of the environment. The main
advantage of this package is to integrate data gathered by
RGB-D cameras and 2D/3D laser range finders within
the same representation. Similar to the OctoMap
approach, ohm_tsd_slam package cannot interpret the
scenes in terms of semantic information. In 2019, ATR
Team [19] utilized Real-Time Appearance-Based
Mapping (RTAB-Map) [20] to create a 2D occupancy
grid of the rescue environment. Besides, RTAB-Map also
provides 3D point cloud data. RTAB-Map ROS package
is integrated with OctoMap so that it can generate the
voxel representation of the environment and separate
voxels as occupied, free, and unknown [21]. Besides,
RTAB-Map contains many feature extractor algorithms
such as SIFT, SURF, BRIEF, FAST etc. to recognize
some objects such as walls, terrain, and other everyday
objects from the visual data. Therefore, it can produce
semantic information. Unfortunately, RTAB-Map cannot
identify ramps that placed NIST's test arenas since it did
not design for search and rescue missions.

As mentioned above, the participant teams of virtual
robot competitions generally focused on mapping
approaches that generate metric, topologic, and geometric
maps. Extracting semantic information or producing
semantic maps were considered from only a few teams.
However, some previous studies that interested in the
semantic classification of walls, terrain, and ramps were
proposed. These studies are generally cast into two
groups. In the first group, the well-known segmentation
methods such as region growing [22] and RANSAC [23]
are applied to obtain planar surfaces. Region growing
uses a predetermined number of neighbors or search
radius to determine the points that belong to the same
planar surface. Therefore, it may not be appropriate for
real-time applications due to its high computational
complexity. On the other hand, RANSAC is a fast and
accurate segmentation method aiming to determine a
mathematical model for planes. However, it can clusters
points that have a similar mathematical model into a
plane. This could be problematic since RANSAC does
not take into account the neighboring relationship. After
planar surfaces are specified, segmented planes are
classified depending on geometric features of planes such
as normals of points. In the second group, learning
approaches are employed for semantic segmentation.
These studies generally prefer to apply the Convolutional
Neural Networks (CNN) approach to visual data. A
recent study proposed by Deng et al. [24] uses CNN to
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determine point-wise semantic labels with RGB and
depth images in NIST test arenas. On the other hand,
Turgut and Kaleci [25] concentrated on directly using
point cloud data instead of visual data. For that reason,
they examined point-based deep learning architectures
and they made a comprehensive comparison for PointNet
[26], PointNet++ [27], PointCNN [28], and DGCNN [29]
architectures that are classified walls, terrain, and ramps
in a simulated environment similar to NIST test arenas.

In this study, we aim to produce the 3D metric and
semantic maps of a simulated environment similar to
NIST reference test arenas with a mobile robot. In this
way, we can provide an accurate semantic map, which
describes walls, terrain, and ramps, that first-responders
can easily read. It is important to note that generating
accurate maps is one of the crucial evaluation criteria in
virtual robot competitions because an accurate map can
significantly decrease searching victim duration and
protect first-responders from accidents. Besides,
producing a semantic map can contribute robot's
autonomous navigation capability. For example, the robot
can navigate more reliable by adjusting its velocity when
it knows the slope of a ramp. Also, the robot can generate
suitable waypoints while traversing ramps to keep its
balance. In fact, the robot can consider ramps to enhance
its path plan.

The previous studies that address the semantic
classification of walls, terrain, and ramps are rare, and
they used generally visual and 2D range data. However,
the visual data may not be appropriate for dusty, dull, and
poorly lightened post-disaster environments. On the other
hand, 2D range data cannot be affected by these
situations. Nevertheless, its capability to describe the 3D
characteristics of the scene is insufficient. At that point,
using point cloud data can be a favorable solution to cope
with the drawbacks of visual and 2D range data.
Therefore, we placed an RGB-D camera on a P3-AT
robot and utilized RTAB-Map ROS package to gather
point cloud data of a scene. One of the contributions of
this study is processing a single scene, which is captured
after each predetermined time interval while the robot
navigates in the environment by teleoperation. In this
way, the semantic and metric maps grow step-by-step,
and the computational complexity of the proposed
method is decreased. The second contribution is applying
a point-based deep learning architecture DGCNN, which
receives a single scene and determines point-wise
semantic classes, instead of using visual data. The weight
of DGNN model generated by Turgut and Kaleci [25]
with data acquired in a different simulated environment is
used to classify each point. The last contribution is

creating a 3D metric map that the robot needs to
navigate. Apart from the previous studies, we utilize
RTAB-Map and the semantic map while producing the
octree-based 3D metric map. In the map, each voxel has a
semantic label so that robot can plan its path more
reliable.

The rest of the paper is organized as follows: In Section
2, the proposed method is explained in detail. The
experimental setup and experiments are presented in
Section 3. The conclusion and future works are given in
Section 4.

Il. METHOD

The proposed method consists of three stages. In the first
stage, RTAB-Map is employed to gather point cloud
data. Besides, we made some modifications to obtain
point cloud data for each scene. In the second stage, we
construct a semantic map of each separate scene with the
aid of point-based deep learning architecture DGCNN.
Then, we merge the current map with the global semantic
map. Lastly, similar to the semantic map, we build a
metric map (in other words, octree map) of the current
scene and merge it with the previously generated metric
map. In this stage, we obtain free and occupied voxels
from RTAB-Map, and then we utilize the semantic map
to classify voxels in terms of wall, terrain, inclined and
straight ramps.

A. Gathering Point Cloud Data

We used the RTAB-Map ROS package to gather point
cloud data. RTAB-Map receives raw point cloud data
acquired with the RGB-D sensor of the robot (Fig. 2(a)).
It is important to note that the raw point cloud data is
obtained according to the robot's local coordinate system
(Fig. 2(b)). Hence, RTAB-Map automatically transforms
the raw point cloud data into the global coordinate
system of Gazebo simulation environment with the aid of
the robot's position and orientation. Then, RTAB-Map
applies the voxel filter depending on the GridCellSize
parameter to downsample the transformed point cloud
data (Fig. 2(c)). In this way, computational complexity
decreases because the number of samples is reduced
without losing the general characteristics of the data.
Another crucial issue about the gathering point cloud data
is that RTAB-Map accumulates point cloud data during
the map producing process as a default property. After
this process is completed, it reveals an entire map of the
environment. However, this default property is not
appropriate for constructing the semantic and metric
maps of a search and rescue environment. The main
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Figure. 2. Gathering point cloud data. (a) The red, green, and blue lines at the upper-right corner of the image indicate Gazebo’s
global coordinate system. The same colored lines on the robot show robot’s local coordinate system. (b) The raw point cloud data
according to the robot’s local coordinate system. (c) The downsampled point cloud data according to the Gazebo’s global

coordinate system.

reason for that is decreasing computational complexity
while processing point cloud data separately for each
scene. In order to achieve this, we adjusted the
MaxNodes parameter.

B. Constructing Semantic Map

After we obtain point cloud data for a scene, the
duplicated points are removed from the point cloud data
to diminish the computational complexity of the
approach. Then, the DGCNN architecture is used to
classify points as sematic categories such as wall, terrain
inclined, and straight ramps. It is a graph-based
architecture that creates local regions for each point in
the point cloud. In these local regions, K neighbors of a
point (P:) are found. In order to determine these K
neighbors of P, if the point features are exist, the
distance in feature space is used, otherwise spatial
distance is used. DGCNN builds a graph for each local
region, and the points (P. and its K neighbors) that
belong to the local region are considered nodes of the
graph. The edges of the graph are defined only between
Pc and its K neighbors. The weights of the edges are X, y,
and z coordinates of neighbors relative to Pc in the first
layer. In the successive layers, the weights of edges are
features of points relative to the previous layer. After
local regions and corresponding graphs are constructed,
Multi-Layer Perceptron (MLP) is applied to edges for
extracting features of points. The features of a local
region are extracted by applying the maximum pooling
method to the features of all points situated in the local
region. In other words, points are evaluated by
considering K neighbors in local regions instead of
evaluating each point independently. The process steps
mentioned above are called EdgeConv operator, and the
operator can easily integrate into any architecture. The
DGCNN architecture was created by combining the
PointNet architecture and EdgeConv operator. In contrast
to architectures that process edges of the graph of local

regions, the neighborhood relationship between points is
dynamically updated according to feature space. Besides,
the local regions are not expanded hierarchically, unlike
other architectures.

R

©

Figure. 3. An example for construction of semantic map. (a)
Clustering of point depending on class labels. (b) Segmentation
of planar surfaces of class. (c) Merging current map with
global one.
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The DGCNN architecture determines the semantic label
of each point in the point cloud data. After that point, we
cluster the points in terms of their labels. An example
point cloud is shown in Fig. 3(a). In this figure, red,
yellow, blue, and purple indicate wall, terrain, inclined,
and straight ramps classes, respectively. As seen from the
figure, each class could contain different planar surfaces,
just like walls orthogonal to each other. Therefore, we
apply RANSAC [30] segmentation method to segment a
class' points that belong to different planar surfaces. This
process is repeated for each class so that each planar
surface in the scene is determined. The result of the
segmentation process is given in Fig. 3(b). We show each
planar surface with different colors in the figure. Lastly,
segmented planar surfaces are merged with the global
semantic map depending on the position and orientation
of the planar surfaces of the current and global map. The
resultant semantic map is represented in Fig. 3(c). In the
figure, green and orange describe the global and current
semantic maps, respectively.

C. Constructing Metric Map

Robots generally require an appropriate representation of
the environment to achieve the tasks they are expected to
perform. One of these representations is the metric map.
In previous studies, occupancy grids were frequently
applied to obtain 2D metric maps. Occupancy grids
describe the environment with a grid composes of equal-
size cells. Each cell has a probabilistic value between 0
and 1, depending on its amount of occupancy. Besides,
each cell must belong to one of the three states: free,
occupied, and unknown. In the beginning, all cells are
initialized with 0.5 to indicate the unknown state. Then,
as the robot gathers information from the environment,
the cells' probabilistic value is updated [31]. In a similar
manner, the octree data structure is commonly employed
to generate 3D metric maps [14, 21]. An example for the
octree data structure is given in Fig. 4. First, the data is
represented with only one voxel that contains all points.
This is generally called level O or root node. Then, it
splits into eight voxels of the same size (level 1).
Simultaneously, voxels of octree are classified as empty
(free) and non-empty (occupied), whether consisting of at
least one point or not. The process is repeated until the
predefined depth or voxel size (VSIZE) is accomplished.

In this study, we utilized RTAB-Map ROS package to
construct an octree. RTAB-Map can also determine the
state of the voxels as free and occupied since it integrates
with OctoMap. As a default, RTAB-Map ROS package
only provides occupied voxels. However, it has
RayTracing ability that fills the unknown spaces between

Qroot level 0
G Notation
O O m O level 1 Olmn»empty node
empty node
COVO0OC® COOCCORD ez D !
point list

point list
(a) Octree hierarchical structure

P
% il
L0 ,
I=|’ Vanin

level 0 level 1 level 2
(b) Space decomposition

(c) Features of an octree
leaf-node

Figure. 4. An example for the octree data structure [32].

the sensor and occupied voxels. Therefore, we enabled
RayTracing ability to obtain free voxels. An example for
constructing the metric map is shown in Fig. 5. In this
example, we used the same scene that is given in Fig. 3.
The white and black colors in Fig. 5(a) depict free and
occupied points taken from the RTAB-Map. The
corresponding metric map is shown in Fig. 5(b). At that
point, we used the semantic map to classify occupied
voxels into walls, terrain, inclined, and straight ramps. To
achieve this, we first identified the points that belong to a
voxel. Then, the semantic class of each point in that
voxel was specified with the aid of the semantic map.
Lastly, we calculated a histogram to count the number of
points for each class and determined the dominant
semantic class, which has the maximum number of
points, of that voxel through the histogram. The semantic
map and the corresponding metric map of the scene are
illustrated in Fig. 5(c) and Fig. 5(d), respectively. In
order to merge the current and global metric maps, we
first determined the boundary voxels of both maps. Then,
we considered the positions and orientations of boundary
voxels. Lastly, we found neighbor voxels and merged the
maps.

I11. EXPERIMENTAL WORKS

A. Experimental Setup

We used ROS and Gazebo to conduct the experiments.
First, we modeled ESOGU Artificial Intelligence &
Robotic Laboratory Search and Rescue Test Arena in
Gazebo simulation environment (Fig. 6(a)). The
dimensions of environment are 6 x 4 meters. Then, we
utilized hector_nist_arenas_gazebo ROS package [33] to
insert ramps in the environment (Fig. 6(b)). A Pioneer 3-
AT mobile robot was launched in the modeled
environment with an Asus XTion Pro RGB-D sensor to
capture point cloud data. We used teleop_twist_keyboard
ROS package [34] for the teleoperation of the mobile
robot.
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Figure. 5. An example for construction of metric map. (a) Free (white) and occupied (black) points taken from the RTAB-Map.
(b) Corresponding metric map of (a). (¢) Semantic map of the scene. (d) Corresponding metric map of (c).

After each predetermined time interval (Timelnterval),
point cloud data was gathered with RTAB-Map ROS
package while the robot operates in the simulation
environment. The Timelnterval parameter is selected 1
second in this experiment. Also, GridCellSize and
MaxNodes parameters of RTAB-Map ROS package are
determined as 0.025 and 1, respectively. A preprocessing
step must be applied to the point cloud data for the scene
classification problem of point-based deep learning
architectures. Therefore, the scene is divided into blocks
instead of using the entire scene to avoid losing data and
detect local features. As a result, we separated a point
cloud data into 1 m? blocks in the xy plane independent
from the points' z coordinates. Deep learning
architectures accept a fixed number of points. In this
study, we specified the number of points in a block as
4096. We applied random upsampling or downsampling
to the blocks that contain less than or greater than 4096
points, respectively. Besides, we removed the blocks that
have less than 500 points. DGCNN architecture can
receive coordinates, normalized coordinates, and color
information of points as an input. In this study, we did
not use color information, and points were presented with
6D features (X, y, and z coordinates and normalized X, v,
and z coordinates). We used the default parameters for
scene segmentation of DGCNN architecture.

(b)

Figure. 6. (a) ESOGU AIRLAB search and rescue test arena,
(b) Gazebo model of the test arena.


https://dergipark.org.tr/en/pub/jster

< f\n JOURNAL OF SCIENTIFIC, TECHNOLOGY AND ENGINEERING RESEARCH (JSTER) 19
o7 1D) Bilim, Teknoloji ve Miihendislik Arastirmalari Dergisi, (2021) - 2(1): 11-22

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

The DGCNN architecture is implemented in Python
programming language using TensorFlow library [35].
However, the remaining parts of the method are realized
with C++ programming language. For that reason, we
used pybind11l wrapper [36]. After the points belong to
each class were determined, we clustered the points
depending on the class labels. Besides, we applied
RANSAC segmentation method to segment different
planar surfaces. The DistanceThreshold parameter of
RANSAC is selected 0.02 meters. We used
octree_viewer module [37] of the Point Cloud Library
(PCL) [38] to visualize the metric map. In this step,
VSIZE parameter is chosen 0.05 meters. In order to
generate semantic and metric maps of the environment
given in Fig. 6(b), the robot navigated for 160 seconds.
Therefore, 160 scenes were captured during that process.
The experiments were carried out on a PC with Intel i7
processor with 2.8 Ghz, 16 GB RAM, and operating
system Ubuntu 20.04.

B. Experimental Results

The experimental results are shown in Fig. 7. In the
figure, the left and right columns illustrate the metric and
semantic map of the environment, respectively. The rows
of the figure represent the results at some steps. The
mapping process was completed at 160 steps, and we
preferred to give results at 40, 80, 120, and 160 steps. In
the figure, red, yellow, purple, and blue colors represent
the wall, terrain, straight, and inclined ramp classes,
respectively. We did not visualize points and voxels
belong to the free semantic class to clarify figures. As
seen from the results, our semantic and metric maps grow
incrementally. In this way, the computational complexity
of the proposed method was decreased.

The results for semantic maps indicate that the proposed
method successfully classifies walls, terrain, and ramps
for each scene although the DGCNN model was trained
with data gathered in a different simulated environment.
Besides, the proposed method calculates and stores
properties such as orientation, maximum, and minimum
coordinates of each planar surface even though we did
not visualize these properties. Then, the method utilizes
these properties to merge the current scene and the global
semantic map. The experimental results indicate that our
method successfully merges the maps to generate an
accurate semantic map. In our method, the success of
producing a metric map of a scene highly relies on the

semantic map's accuracy. As seen from the figures, the
metric map of the environment is generated successfully
since the semantic map is accurately created. Then, the
current and global maps are integrated carefully with
determining boundary voxels. The experimental results
for metric maps show that the proposed method merges
the maps successfully.

IV. CONCLUSIONS AND FUTURE WORKS

This study aims to create semantic and metric maps of an
environment similar to standard NIST search and rescue
test arenas. To do that, we utilized RTAB-Map ROS
package and DGCNN architecture. The proposed method
grows semantic and metric maps incrementally to
decrease the computational complexity. Besides, we
prefer to use point cloud data instead of visual data,
which many previous studies employed, since point cloud
data is more suitable for post-disaster environments. In
contrast to previous studies that address producing 3D
metric maps, we classified voxels not only occupied and
free but also walls, terrain, and ramps. The experimental
results indicate that our method successfully generates
accurate semantic and metric maps. For future works, we
plan to develop a new metric map approach and
determine free and occupied voxels without using
RTAB-Map since the computational complexity of
OctoMap that integrated into RTAP-Map is not
appropriate to produce fine-detailed maps. Besides, we
aim to create a topological map utilizing the metric map.
Thus, the robot can efficiently navigate the environment
by preparing the shortest path plan using the topological
map.
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(g) Metric map step 160
Figure. 7. Experimental results.

(b) Semantic map step 40

(d) Semantic map step 80

(f) Semantic map step 120

(h) Semantic map step 160
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A driver system for high-power light-emitting diodes (LEDs) is presented. The proposed driver
system is based on flyback converter topology, and it uses single-stage power factor correction
with microcontroller support. The driver has two main parts; a source for an LED array, and a
control unit including sensors. Instead of using conventional constant voltage or constant
current driver topologies, the proposed system adjusts the output voltage by considering the
LED parameters, the number of serial and parallel LEDs on the load array, and the data from
sensors. Via the current sensor, the output current is measured at specific periods and limited
by the microcontroller according to the LED load. Moreover, the microcontroller can detect
an open circuit condition on the LED array by following current changes. A temperature sensor
and a light-dependent resistor (LDR) are used to increase the lifetime of LEDs.

Figure A. The designed LED driver

Aim of Article : This study aims to design a smart LED driver for different LED loads.

Theory and Methodology : The designed system is a microcontroller-based smart LED
driver. The proposed driver adjusts the output voltage and current according to the LED
parameters on the load and the data read from the sensors.

Findings and Results: With the designed prototype driver shown in Figure a, measurements
were made for different LED loads, and it has been determined that the driver system worked
in harmony with different LED loads and changed the output current and voltage values
according to the data received from the sensors.

Conclusion : With the proposed solution, a smart driver design has been created for
commercially available LED PCBs on the market.
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most of the LED driver circuits based on the switching
I. INTRODUCTION mode power supply [3]. In addition to being energy

The LED ||ght|ng Systems gradua“y began to rep|ace fefficien_t, the expectation from LED driver circuits is
traditional lighting systems thanks to their high increasing day by day. They should have a compact
brightness, long life, and high-efficiency features [1].  Structure, be smart, be dimmable, and support

If this conversion was completed all around the world, ~ equipment that should allow remote control or
the total energy saving would be around 1000  connection to the IoT platforms. Moreover, the driver

TWhlyear [2]. circuits are also expected to meet standards in terms of

power factor. The single-stage power factor correction
The linear power supply units have around 60%  (PFC) technique is widely used to reduce the cost,
efficiency whereas switch-mode power supplies improve efficiency, and extend the current conduction
(SMPS) have more than 80% efficiency. Therefore,  angle of the LED drivers [4]-[9].
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Although manufacturers are capable of driving LEDs
at higher currents, 1W power LEDs driven at 350mA
are commonly used [10],[11]. In many applications,
several series and parallel (n*m) LED strings exist to
obtain some design requirements such as voltage,
current, and power [8],[12]. However, each LED has
different forward voltage drops because of its
tolerance, which leads to a huge current difference in
parallel strings. Therefore, different current balancing
methods have been proposed [13]-[17]. Although these
techniques are shown improvements in current
balancing, they are currently not suitable for
commercially available LED printed circuit boards
(PCB), because quite a lot of them consist of several
LED strings connected in parallel to a single bias point.

In LED lighting applications, the forward voltage drop
on each LED decreases with increasing junction
temperature of LED [18],[19]. The reasons for the
heating at the p-n junction are the ambient temperature
and the ohmic heating at the bandgap which is the most
important factor affecting the LED life [20]. The LED
life can be defined as the duration that LED can
produce sufficient light for the specific application
which determines the operating time of lighting
armature in hours that the output light regresses 70%
of its starting light intensity [21]. Therefore, while
adjusting the driver output current, the temperature
value should also be taken into account as a parameter.

In this study, a LED driver is proposed which can work
at different LED PCBs which are commercially
available on the market. Moreover, when an open
circuit occurs at an individual string on the LED array,
the proposed driver can detect this situation, and adjust
the output power according to the new load. With the
necessary sensors, temperature and environment light
intensity are used as parameters in the calculation of
the output power of the driver as well.

Il. PRINCIPLE OF OPERATION

Providing the longest LED life and efficiency are the
two most important features of the LED driver. It is a
big challenge for LED drivers to manage output current
and output voltage. Many LED driver circuits use
either constant current topology or constant voltage
topology. They both are not suitable for the load which
is mentioned in the previous section. A threshold
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voltage of a diode depends on temperature. Equation 1

shows the diode voltage which depends on temperature

[22]:

Eg(T)
e

V(T) =" Ino- + 1)
The first summand shows the Fermi level and the
second summand depends on the changes in bandgap
energy which generally has a higher effect from the
first summand. As the temperature increases, the
energy gap decreases; therefore, applying a constant
voltage to LEDs, while the temperature increasing,
causes a significant current change. Applying a
constant current to LEDs, irrespective of temperature
results not only in decreasing the emission intensity of
LEDs but also for long-term periods decreasing the
lifetime of LEDs. Moreover, a simple constant current
driver gets no data from the load; if the load is thought
of as a combination of LED strings, and the output
current of the driver sets to some value which depends
on the operating current of one LED times the number
of strings, the driver supplies the same amount of
current regardless of the recent situation of the load.
Any damage on one or more LED strings causes extra
current stress on the remaining strings; as a result, the
remaining LEDs cannot stand much longer. Because of
these drawbacks, the proposed design uses the
combination of these two topologies which is to adjust
output voltage depending on the LEDs operating
voltage and also adjust the maximum output current
that the LED array can get and detect any damage on
the load.

The temperature of the p-n junction has to be kept
under critical values to be able to obtain the longest
LED life [20], [23],[24]. There is no chance to measure
the exact temperature of the p-n junction; however,
measuring the temperature at the closest point to the p-
n junction, the T-point of LED [20], would give an idea
about the operating temperature. The temperature can
be measured periodically by placing a sensor on the
aluminum PCB so that the measured value can be
included as a parameter to the equation in setting the
output power.

Using the LED armature when it is needed has a
significant effect on the lifetime of LEDs. By
measuring the daylight intensity, the unwanted
operating periods can be minimized. The proposed
driver uses automatic analog diming which is the
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simplest and cheapest technique is based on changing
output voltage value [25].

The proposed system (see Fig.1) is formed from two
main parts; the first part is the power circuit (see Fig.2),
the second one is the control circuit (see Fig.4).

POWER CIRCUIT
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& Filter

4 J JE—|
—_— T ﬁAUX :
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Figure. 1. Proposed Driver System

A. The Power Circuit

The power circuit comprises a line filter, a flyback
converter which is the most common converter in low-
power LED driver applications because of its
simplicity and low cost, and a low-power SMPS which
is used to power up the control circuit, and the PFC

circuit.
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Figure. 2. The Power Circuit

iH

The PFC integrated circuit is designed to work in
critical conduction mode (CRM). However, in the
proposed driver system because of variable output

voltage levels according to LED load, working only at
CRM couldn’t be enough to get a high-power factor.
The driver may not work at full load condition, so the
PFC controller has to be controlled as well according
to the output voltage. The microcontroller measures
the output voltage value continuously and sends a pulse
width modulation (PWM) signal to the PFC controller
which enables and disables the controller. PWM signal
has a fixed frequency but the duty cycle of this signal
changes with the required output voltage value, as
shown in Fig. 3. If higher voltage values are needed,
the duty cycle increases. And with variable on-time &
off-time gate signal, the peak inductor current is
proportional to the rectified AC line voltage. In this
way, the input current waveform follows the input
voltage.

By using the second low-power SMPS, the
microcontroller can operate independently from the
main power supply. Moreover, it also provides a
continuous voltage to the PFC IC instead of biasing
with a serial resistor from high input voltage after
rectifier; thus, an efficient way is chosen which
increases the overall efficiency of the driver circuit.

Vin

Mosfet gate signal

o S .
variable on-time and off-time

| I & I 5 N A &

Enable PWM signal from uC

7
duty cycle changes
according to the
output voltage

Figure. 3. The Switching frequency variations

If any damage happens at the main power supply such
as unwanted voltage rising, the microcontroller turns
off the main power supply and protects LEDSs. Instead
of changing the whole armature including LEDs,
changing only the driver is more effective in terms of
cost. If any damage occurs at the low power SMPS
side, there will be no voltage at the load bias output
since the microcontroller cannot operate.

B. The Control Circuit

The block diagram of the control circuit is shown in
Fig. 4. The microcontroller is located at the center of
this unit and determines the output voltage and current
according to the data which are obtained from sensors.
The data terminal equipment (DTE) (see Fig.5), which


https://dergipark.org.tr/tr/pub/jster

ISSN : 2717-8404 https.//dergipark.org.tr/tr/pub/jster

is used to provide the parameters such as operating &
turn-off voltage, operating current of each LED,
number of serial LEDs and number of parallel strings
in the array, the maximum and critical operating
temperatures of LEDs, is another microcontroller-
based system.

‘ Voltage ;‘
. Divider
s Opto- Vout(V) P P

Power <«— m

Unit coupler % g P i
PWM
18v £/ £/
| | AAYEL
Low I ‘ '
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T A
|
Sensor-3 | Sensor-1 \\
LDR T°C \
J Sensor-2
/ Current
DTE
m.n,Vien,lien, Vieo ofr
Mciticats Nnax

Figure. 4. The Control Circuit

These parameters can be set according to the LED
load; thus, the same driver can be used for different
arrays, as a result, different driver design requirements
for different LED loads could be eliminated.

Figure. 5. Data Terminal Equipment (DTE)

On the other hand, this concept has some limitations;
for example, the maximum number of serial LEDs
cannot exceed 14 and cannot be under 7, the parallel
number of strings cannot exceed 7 and cannot be under
3; these limitations obtained from experiments are used
to maximize the efficiency of the driver circuit.
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Figure. 6. The set output voltage calculation
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According to all these parameters set by the DTE, and
the data from sensors, the microcontroller sets the
output voltage for the load. The set output voltage,
Vset, IS Calculated with the following procedure which
is shown in Fig. 6.

Vset =n*Vigp orr + (Tl * (Vigp — VLED,OFF)) * f(sensors) (2)

FADR) _f(D)  F(T°O) 3)
100 100 100

f(sensors) =

where n is the number of LED in one string in the LED
array, Vigp orr IS the minimum operating voltage for
one LED, V,;p is the proper operating voltage for one
LED, f(I), f(T°C), and f(LDR) are the functions of
current, temperature, light intensity of the environment
affecting the output voltage respectively.

The output voltage is continuously measured by using
a voltage divider and a zener diode that is used to
protect the input port of the microcontroller for any
high voltage ripples. The theoretical value calculated
from equations 2 and 3, Vg, is compared with the
measured value, V,,;. According to the difference
between these two values, the duty cycle of the PWM
signal applied to the PFC controller is changed
between 0 and 90%.

To maximize the lifetime of LEDs, unnecessary usage
of the armature has to be prevented. By using LDR, the
turn-on time is spread into five different steps. The
factor of LDR on the output voltage is shown with
f(LDR) and for the highest environment light
intensity, it takes the lowest ratio, for the lowest
intensity vice versa; so, the driver gets automatic
dimming capability. Another important feature of the
driver is that the output voltage starts increasing
gradually thanks to the automatic dimming capability,
so the instantaneous start-ups which can damage the
LEDs can be prevented.
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A fully integrated, hall effect-based linear current
sensor, ACS712, is used to measure the overall array
current. The maximum output current is defined as
follow;

Iout(max) =mx* I gp (4)

and corresponding output voltage value, V;, from the
current sensor is [26];
VI =m=* ILED * 0.185 + 2.5 (5)

where m is the number of parallel strings at the LED
array, I, gp is the current value for one LED. The
sensitivity of the ACS712 current sensor is 0.185V/A.

The microcontroller calculates the maximum output
current which the load is capable of drawing with
equation 4 and checks the real current continuously. If
the output current exceeds this maximum value
because of any reason, it starts to decrease the set
output voltage by the factor of f(I) to protect the LED
array. The relationship between measured current
(I,ue¢) and calculated possible maximum output current
(Iout max) is shown below in Fig.7.
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Figure. 7. Current Measurement Algorithm

The proposed driver system can detect any open circuit
condition on one or more parallel LED strings. When
the load has m strings, and then suddenly the measured
current is decreased at least by the half of one string
current at the highest f(LDR) and f(T°C), the
microcontroller reduces the number of parallel strings
(m) and recalculates the maximum output current that
the load can handle. For example; if the load has 4
parallel strings, and one of the LED has 0.35A
operating current, so the maximum output current

(Iout max) Would be 1.4 A. When one of the LED on
the string has become an open circuit, the output

current would decrease to 1.05 A, which means that

1 .
Loyt < (Iout_max - %) the condition becomes true.

So, the driver decides that one of the parallel strings at
the load has been damaged, then it decreases “m” by
one. The maximum output current of the new load is
set, and the microcontroller prepares an error code to
send to the DTE if it is required.

One-wire digital thermometer IC, DS18B20, is used as
a temperature sensor to measure the temperature on the
aluminum PCB where LEDs are placed. When the
temperature exceeds the critical value, which is set via
the DTE according to the LED characteristics, the
output voltage decreases by the ratio of temperature
function. The function is calculated from equation 6:

100
f(T°C) =100 — [(T — Teriticar) * (m)] (6)
where T is the measured temperature value, T,riticar IS
the temperature value that the driver makes an effort to
start to decrease, and T, IS the maximum
temperature value which is not harmful to LEDs. If
Tinax 1S €xceeded, the main power supply is turned off.
If the measured temperature is under

f(T°C) is set to one hundred.

Tcritical '

In addition to the parameter setting functionality of the
DTE, it can be also used to read error codes from the
driver. These error codes are used to inform the user
about the driver to decrease repair time. Error codes:
1. Error Code 0x01: It shows that temperature
sensor error. It can happen because of the fault
of the temperature sensor or the absence of it.
2. Error Code 0x02: It shows that one or more
parallel strings have become open circuits on
the LED array.
3. Error Code 0x03: It shows output voltage
error.
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1. DESIGN EXAMPLE

LED Driver—_
Figure. 8. Application Circuit

To verify the feasibility of the proposed LED driver,
the prototype driver is tested. For the first
measurement, different LED arrays were used as a load
to show efficiency, power factor, and coso values. The
Teriticatr Tmaxs Viepy Vigp,s, and Igp parameters

were set by using DTE to 70°C, 85°C, 3.3V, 2.5V, and
350mA respectively. The input voltage was 220VAC,
50 Hz. The driver was worked at room temperature and
the temperature on the LED PCB was under
Teriticar Value, so the f(T°C) was at maximum value.
The light sensor was covered with black paper to avoid
environmental lights. For different n and m values, the
operating parameters of the driver are shown in Table
1.

Table I.
Driver parameters for different LED loads

n m Vo (V) low(A) Pout (W) Pin (W) %p cose PF

8 5 2633 1.74 45.81 50 916 093 0.93
10 6 3269 2.094 68.45 75 91.2 096 0.96
11 5 36.34 1.74 63.23 71 89 0.96 0.96
13 6 43.39 2.125 92.2 104 886 0.98 0.98
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Figure. 9. a) The load is n=7, m=3. b) The load is n=13,
m=6 with PWM enable signal. c) The load is n=13, m=6
without PWM enable signal.

In Fig. 9 a. and b., the differences between MOSFET
drain voltage and gate signals are shown for two
different output voltage levels; at the lower output
voltage level, on-time periods of MOSFET are narrow.
The effect of using the PWM signal to activate the PFC
controller instead of just sending an on-off signal
according to the output voltage values is shown in Fig.
9 b. and c. At graphic b. PWM signal makes the
MOSFET conduct in particular periods so the input
current which is drawn from the AC line can follow
voltage. At the graphic c., the on-off signal without any
time control decreases the power factor.

The effect of temperature was shown at the second
measurement. The light sensor was covered with black
paper. By increasing the ambient temperature, the
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working temperature of the LEDs was forced to
increase. In this way, the output power changes could
be monitored (see Fig.10). After the critical
temperature value, the output voltage started to
decrease so the output power. When the temperature
reached the maximum value, the main power supply
was turned off by the control unit.

—+—Output Voltage (V)
60 Output Power (W)

—8— Output Current (A) |

er (W)

Output Voltage[V] & Output Pow
Output Current (A)

65 70 75 80 85 90

Temperature, C

Figure. 10. Temperature vs. Output Power, Voltage &
Current

The output voltage starts increasing gradually to
prevent instantaneous start-up damages on the LEDs;
this situation is shown in Fig. 11.

Vout=32.4V

Figure. 11. The driver soft start-up

When the output voltage is 32.4V, the output voltage
ripple is 2.8V peak-to-peak which is about 8.6% (see
Fig. 12).

Detay-35.00ms

| AT=3780ms.
TAT=26 46H

(X2 = -14.00m:
(K1=-5180ms

Vout=32.4V
Vpp=2.8V

Figure. 12. The output voltage ripple

IV. CONCLUSION

An efficient and smart LED driver system is presented.
By controlling the LEDs' temperature, the light
intensity, the output current, and the voltage the
lifetime of LEDs could be increased. Keeping the
operating temperature of LEDs at nominal values is
very important to increase the lifetime; therefore, the
microcontroller adjusts the output power according to
temperature on the LED PCB. Unnecessary usage of
LEDs is minimized with LDR to increase efficiency,
and the driver gets an automatic dimming capability.
The output current is measured continuously and
limited as mentioned in LED characteristics. By
detecting unexpected current decreases because of an
open circuit situation on one or more LEDs, the new
maximum output current which load can handle is
calculated by the microcontroller, and the new current
limit is updated; so any current stress on the remaining
LEDs is prevented. However, any short circuit
situation on LEDs cannot be detected in this system.
The output voltage of the driver is set according to the
characteristics of one LED and the parameters of the
whole LED strings. By using the DTE which is
connected to the driver, the key parameters about
LEDs are loaded into the microcontroller so the driver
becomes suitable for any load which is in the efficiency
limitations of the driver. The DTE also informs the user
about the errors which happen at load or the driver
itself to minimize repairing time. The next study will
be focused on integrating PFC into the microcontroller,
adding remote control and data collection properties.
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The configuration parameters of DSTATCOM connected on power grid is
shown in Figure A. the real and reactive power of DSTATCOM controlled by
the inverter voltage magnitude V. and the angle a difference between the bus
voltage and the output voltage of the inverter. The controller of DSTATCOM is
designed due to the dynamic equations of the system and according to the
consideration that the system is linear system.
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Figure A. DSTATCOM Configuration connected on power system

= Aim of Article: This study aims to design a DSTATCOM controller based on
artificial intelligent (Al) techniques.

Theory and Methodology: The designed system is a controller based on artificial intelligent
techniques. The proposed controller improves the voltage profile and eliminate the harmonic
in the system as well as enhance the power quality.

Findings and Results: With the designed controller shown in Figure A, the efficient of using
Al technique for tuning P1 controller of DSTATCOM in order to improve the voltage profile
on distribution system. The DSTATCOM with developed controller validated the importance
of Al methods.

Conclusion : Using the proposed controller increase stability and reliability of power system
and hence the network converts to smart network. The simulation results proved the efficient
of suggested method for controlling DSTATCOM in order to improve voltage profile on
distribution system.
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I. INTRODUCTION
The rapid increase in electrical power demand leads

Recently the demand for electric power is increased due to increasing the residential
and industrial facilities which may contain sensitive nonlinear loads that needed high
power quality (PQ) on the distribution system to avoid malfunction operation. One main
PQ issue is voltage profile improvement with acceptable voltage harmonic distortion.
It should be regulated to be within acceptable standard levels. In order to improve the
voltage profile, the distribution static synchronous compensator (DSTATCOM) is used
with a developed control strategy. In this research, DSTATCOM control is developed
based on artificial intelligent (Al) using the artificial neural network (ANN), which
depends on optimum values obtained by using particle swarm optimization (PSO). The
results of the simulation proved the superiority and robustness of the proposed control
strategy of DSTATCOM for improving the voltage profile on the distribution system.
The validation of results has been done by MATLAB/Simulink software package.

Keywords: DSTATCOM, Artificial Neural Networks, PI controller, Power Quality,
Voltage Profile

Several studies are done regarding PQ issues using the
benefits of huge developments in power electronics
technologies, hence the network change from
traditional network to smart network. Also, PQ may

emerging use of renewable energy sources (RES) and
distributed generations (DGs) in electrical grid.
Emerging new resources of energy into the grid and
connecting different types of loads such as nonlinear
loads create different problems appears in current,
voltage and/or frequency which causes error and
malfunction of instrument and generally consider as
power quality (PQ) problems [1].

define as electrical constraints that allows an
equipment function properly with high performance.
According to these definitions of PQ, poor PQ will
affect badly on the reliability and stability of electrical
network as well as on sensitive loads connected to the
end user of distribution bus. PQ is relating to the three
main factors: voltage, current and frequency, all these
factors should be remaining within their standard limits

2]
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The problems of PQ in the network caused by different
reasons such as connecting nonlinear loads especially
large motors in industrial applications, power
electronics devices, switching capacitor banks and
connected new electrical resources to the grid. Indeed,
these disturbances effect on the performance and
functionality of both distribution system and sensitive
equipment. The smart grid (SG) technology opens a
wide range for solving PQ problems. Family related to
power electronics technologies called flexible
alternating current transmission systems (FACTS)
support SG system and provide solutions for PQ
challenges. One application of FACTSs family is called
distribution  static ~ synchronous  compensator
(DSTATCOM), which is a shunt device connected
with distribution bus. One of the main aspects of power
system is voltage var control, so the voltage var
optimization (VVO) is the main SG application that
enhances both security and economy of power system.
Nowadays, the artificial intelligence (Al) development
plays main role in optimizations power system issues
mainly in SG [3].

Several research of PQ issues has focused on
enhancing and improving the reliability and stability of
electrical grid. These researches pay attention in issues
like regulation of improving voltage profile in power
system, unbalance conditions in the systems that
caused by unbalanced loading and change the load and
symmetrical and unsymmetrical faults, real and
reactive power losses according to presence harmonic
distortion low power factor (PF). Several FACTSs
devices are used to mitigate these PQ issues. Different
control strategies used in DSTATCOM are sensitive to
non-ideal supply conditions and load variation which
needed careful design tuning controller for each
specific insulation. Also, the cost of the system
increases due to use special devices such as LCL filter.
Other control strategies of DSTATCOM in literature
needed complex control facilities and controllers, also
needed additional supplementary components such as
active filter. In addition, the controller may need
additional delay time due the conversion from
analogue to digital [4-5].

On the other side new proposed control strategies for
DSTATCOM are implemented such as adaline based
algorithm and direct method which depends mainly on
position and magnitude control of output voltage.
Although these methods are validated as efficient
methods for controlling DSTATCOM, they are
complex and expensive comparing with traditional
methods. Different mathematical theories and physical

7 i) Bilim, Teknoloji ve Mihendislik Arastirmalari Dergisi, (2021) - 2(1): 32-45

models are used in analysis and implementing different
control strategies of DSTATCOM. Instantaneous
power theory, rotating reference frame (dq0),
stationary reference frame, instantaneous reactive
power (IRP) and Park's transformation are used to
simplify the dynamic system equations [6-7].

Significant research has been concerned with FACTs
devices and smart control compatible with renewable
energy resources. Existing RES and DGs in power
system create different challenges especially when
these resources with high penetration levels. To deal
with these challenges a SG technology is vital to
manage the power flow generated by grid. Power
generated from RES and the compensation power
generated or absorbed by FACTSs devices. Using SG
technology leads to increase the reliability and stability
of power system regardless of high perpetration level
of RES connected to distribution bus. Many studies
accomplished regarding optimization methods for
different PQ issues in power system. These studies
include a comparative of meta-heuristic approach such
as GA, PSO, differential evolution (DE), harmony
search (HS) and seeker optimization algorithm (SOA)
[8-13]. From the literature review, therefore great
challenges regarding using Al techniques for tuning Pl
controller of DSTATCOM. This work will suggest
using ANNs as a technique for tuning controller of
DSTATCOM, which its controller constants is selected
optimally using PSO [14-17].

This paper introduces an Al technique specifically
PSO and ANN used for design controller of
DSTATCOM to enhance the profile of voltage on
distribution electrical power system. section I
introduces DSTATCOM configuration and design.
Mathematical model of the proposed system is
presented in Section I11. In section IV the developed Al
techniques and proposed optimization method are
presented in details for constructing the developed
controller for DSTATCOM. Section V presents the
methodology which include the description of real
distribution system as a case study. The simulation
results of the proposed scenarios in this study and
detailed discussion of all results for voltage events like
sag and swell are showed in Section VI. Finally, the
performance and efficiency and superiority of the
proposed approach are summarized in section VII.
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Il. DSTATCOM CONFIGURATION AND
DESIGN

A. Principle and Operation of DSTATCOM

The circuit diagram of the equivalent model of
DSTATCOM is shown in Fig.1 [6].

Voltage Source Inverter Transformer Utility

System

Ig

I

Figure 1: Equivalent model of DSTATCOM.

Where:

Rsand Ls: are DSTATCOM transformer resistance and
inductance respectively.

Eanc: are converter AC side phase voltages.

Vanc: are the ac system side phase voltages.

ianc: are phase currents.

l4: is capacitor current.

Cuc: is dc capacitor value.

The main electronic part of DSTATCOM is VSC, that
converts dc voltage to ac voltage. The types of VSC are
used in this study:

1. Square wave 48-step voltage waveform of four
three level inverters is made using gate turn-off
thyristor, on the other hand, to eliminate
harmonics from the output voltage waveform
special inter connection transformers are used.

2. PWM is used to convert DC input voltage to AC
output voltage sinusoidal waveform, this
inverter uses isolated gate bipolar transistor
(IGBT).

The converter is connected to high voltage side of
power system through the coupling shunt
transformer. Fig. 2 shows the single line diagram
of the simplified equivalent circuit of STATCOM.

Vout

. Iac

Figure 2: Equivalent circuit of DSTATCOM.

Where:
Ve ac voltage of the system

Vout: OUtput voltage of the converter

lac: ac current flows through the reactance between the
converter and ac system

The operation of DSTATCOM is summarized by
three modes:

1. Model:when the output voltage Vou
amplitude is greater than of the voltage of
utility bus Vg, in this condition the current
flows from the converter to AC side of power
system through the reactance and the
DSTATCOM injects reactive power into the
AC side of power system.

2. Mode2: when the Vo amplitude is less than of
voltage at the utility bus, under this situation
the current flows from the AC side of power
system to the converter, DSTATCOM absorbs
reactive power from AC power system.

3. Mode3: when the output voltage Vou
amplitude equals the voltage amplitude at AC
side of power system, then there is no reactive
power exchange between DSTATCOM and
power system, in this case DSTATCOM is in
floating state.

B. Control Strategy of DSTATCOM

The PI controller is used to control the function of
DSTATCOM to inject the required reactive current to
the load. Fig. 3 shows the simplified scheme of control
strategy of DSTATCOM [8].

AC voltage regulator

g-axis current regulator

4 1+ X+
v | eq q 4q 2. 2
‘ 1 _ KptKy/S _ K1+K2/S + M= Jeq +ey
v | iz ,m_f 0.5,

B
+
vdv ®

vdc

DC voltage regulator

Via
d-axis current regulator

Figure 3: control strategy scheme of DSTATCOM

According to modulation index (MI) and phase angel
a between the inverter voltage and line voltage PWM
controls the output voltages for VVSI. The PI controller
of DSTATCOM controls the generating/absorbing the
desired reactive power at the common coupling point
in power system [11]. The goal of such control is to
maintain constant voltage magnitude at PCC under
system disturbances. Fig. 4 shows the controller input
is an error signal which is the difference between the
RMS reference voltage (1pu) and the RMS value of the
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terminal voltage measured. The Pl controller process
the error signal and generate the required drive angle
to minimize the error to zero [15].

+ Q driving angle
measured voltage (Vmeasured)

Figure 4: Direct PI control of DSTATCOM

reference voltage (Vref)

1. MATHEMATICAL MODEL OF
PROPOSED DSTATCOM

The study of control strategy of DSTATCOM is
according to the simplified mathematical formulas
because of DSTATCOM has nonlinear operation
structure, the  configuration  parameters  of
DSTATCOM connected on power grid is shown in
Figure 5 [8].

STATCOM (VSI) iy

Ac source  Source impedance
R“‘i\(/ Ly, Via
Ruiy Lo
Rej, L

A

Via

Ve

@

Load
R l‘m,\Ln,Q/ N

Ry iy L
Rk ih L,

og
als| AT Technology

PSO . ANNs el
sign:

STATCOM co

Figure 5: DSTATCOM Configuration connected
on power system.

The real and reactive power of DSTATCOM
controlled by the inverter voltage magnitude V¢ and
the angle o difference between the bus voltage and the
output voltage of the inverter. The active and reactive
power compensation of DSTATCOM s described by
the equations (1) & (2), respectively [10]:

_ VpecVe sina

P = X 1)

Q _ VPCC(VPCC_VC cos a)
X 2)

Where:
P: active Power.
Q: reactive Power
V.. inverter Voltage
Vpee: Voltage at the point of common coupling
a: angle of Ve With respect to V.

X: reactance of the branch and the
transformer.

The controller of DSTATCOM is designed due to the
dynamic equations of the system and according to the
consideration that the system is linear system [8].

A. Load Model Mathematical Equations
As shown in Fig. 5 due to the explained configuration

of the system, the three phase load voltages coordinates
may written as:

Vla ila ila
Vi | =Ri| i |+ Lo | i 3)
Vlc lic lic

To convert three phase balanced system into two phase
dq0 system the park transformation can be used to do
that, the following equation shows park transformation

20 21
cosf  cos(6 — ?) cos(6 + ?)

T= 2 i 0 in(6 2 in(6 + 2
3|~sin sin( 3 ) sin( 3 )| (4)
1 1 1
2 2 2 J

The rotating reference frame is described by

Via\ _ , (la d (i 0 —w\(la
(qu> —f <ilq> h dt lg e (W 0 ) lq (5)

1%
Where 0=tan~1 -4
Vid

B. VSI AC-Side Model

The source voltage Vs and the inverter output voltage
can be written as: respectively [23].

Vsa a l:sa b, d i.ea o l:ea dy €a
Vep | = E sh EE leb E lep E €p (6)
Vsc isc iec iec €c
e(l iS(l isa iea Vsa
a b, d c d
(317) = L_Z Isp | T+ L_ZE Isp | T L_2 lep |+ L_Z Vsp (7)
€c ! isc ! isc ! iec ! Vsc

where:
a; = (RsLy — RiLg)
by = —(LsLs + LsL; + Ly Ly)
¢, =—(RsLs +RLg + R L)
d; = (Ls +1L;)
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a; = —(RsLs + RiLs + RsL; )
by = —(LsLy + L Lg + LgL;)
c; = (ReL; — RiLy)

d2 = (Lf + Ll)

C. VSI DC-Side Model Equations

The power balance equation for VVSI can be expressed
as:

, 3, . ,
Vaclac = E(edled t eqleq ) 8)
V,4. can be derived from a current balancing formula as:
d Vac idc
2y, = —(—%_ 4 de 9)
dt dc (Rdc Cac + Cac )

The current iz, can be expressed as:

3
lgc = —(edied + eqleg ) (10)
2V4c

D. DSTATCOM Design

DSTATCOM components should be calculated due to
the equations of the mathematical model of the selected
system [11], and these components are:

e Design DC Bus Voltage

The voltage DC link must be sufficient enough to obtain
current compensation using the following equation can be
calculated

Vdc min > \/EVL—L(‘rms) = \/E\/gVL—N(rms) (11)

e Design DC Bus Capacitor

According to the energy conservation principle, the C,,
may calculated by:

~CaclVac® = Vaer’1=3kavie  (12)
Where:
V4c: is the reference DC bus Voltage
Ve is the minimum level of the DC bus voltage
a: is the over loading factor
V: is the phase voltage
I: is the phase current
t: is the time for which the DC bus voltage is to be
recovered
k: factor for variation of energy during dynamics

e Design AC Interfacing Inductor

The selection of suitable filter depends on the ripple
current icr-pp, switching frequency fs and DC bus
voltage V. is given in Eq.13:

_ \/§m Vdc

T 12afsicpp (13)

Where m is modulation index.

Ly

o Design Passive High Pass Ripple Filters

To eliminate the high frequency noise from the voltage
waveform at PCC in the power system the high pass
filter is needed to do that, it could be calculated by the
following formula:

R.C, = — (14)

IV. ARTIFICIAL INTELLIGENCE AND
OPTIMIZATION TECHNIQUES

A. Particle Swarm Optimization

PSO is a heuristic search optimization technique,
inspired by social and cooperative behaviors. The
technique is related to the main parts. One is guided by
personal behavior (Ppest) and the other part guided by
social experience (Guest). The position of particle in
search space is updated depends on these two parts
[14]. The core equations of this technique are

Vi{(j+1 =wX Vi},(j+C1XT1
X (Pé‘esti‘j - Xl-’fj (15) +¢, (15)
X1, X (thfesti,j - Xi’fj

Xil'(]*l = Xl]’{J + Vl{{j-'_l (16)

Where Pé‘em-, ; represent personal best j™ component
of i" individual, whereas szestj represents j"

component of the best individual of population up to
iteration k. The PSO search mechanism is
multidimensional search space as shown in Fig. 6.
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Figure 6: PSO mechanism search space

Fig..7 shows the considered steps of PSO
technique in flowchart.

¥

Select parameters of PSO as written in
table (5.2)

I

Generate random position and velocity for DSTATCOM
controller gains (upper limits and lower limits)

v

Set iteration count k=1

h 4

Update velocity and position for each parricle

3

Evaluare the firness function (minimize the EMSE berween the
actual voltage and reference voltage)

v

Update the Phest and Ghest |

If k= Max
iteration

| Print optimal values for DSTATCOM controller gains |

G

Figure 7: Flowchart of PSO algorithm

B. Artificial Neural Networks (ANNS)

Feed forward ANN is used to tune the controller of
DSTATCOM in real time according to distribution bus
voltage level. Fig. 8 shows the basic architecture of a
feed forward of ANN consist of three layers
architecture: input, hidden and output layer
respectively. each node (neurons) in one layer is
connected to each node in the next layer. The input
nodes number in the input layer equals the number of
inputs of the system, the number of output nodes in the

output layer is the same number of outputs of the
system. The number of hidden nodes in the middle
layer is normally between the number of input nodes
and the output nodes in the system. The number of
hidden nodes is very important since both over fitting
and under fitting will affect on the training results [15]-
[16].

X, —>[>

X5 _>> |:| O_, \2
L]
X3 —’> ] (== 5
Input Hidden Output

layer layer layer

Figure 8: Basic neural network structure

The training procedure of the feed forward ANN used
in this study is according to the mean square error of
output criterion, which can be defined by

N
J= ) e?
1

Where N is the output neurons number, and e(i) is
instantaneous error between the actual and estimated
value of the output.
The value of each neuron in the hidden layer (y;) is
given in terms of the input values x; as shown in the
following equation

17)

V. METHODOLOGY
A. Case Study

The work is applied on real network with data given by
Jerusalem District Electricity Company (JDECO). The
network is for Abu Mashaal zone in West Bank. The
voltage on this network drops below the standard level
(11kV) on distribution bus due the industrial nonlinear
loads. The single line diagram of the given radial
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network is shown in Fig. 8.
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Figure 9: Single line diagram for radial network

Description of the system configuration is summarized in
Table I.

Table |
Description of proposed distribution feeder
Parameter Value

3 phase ac source
Line impedance
Distribution transformers

Vim=11kV, f=50Hz
Ls=3.851mH, R=0.211Q
33kV/11kV, 11kV/0.4kV

B. Calculation of DSTATCOM Configurations

Configurations of DSTATCOM are calculated using
mathematical equations design given in Eg.11 into
Eq.14. The rated load connected on the end user of
distribution system is IMVA, Table Il summarize the
calculation values of DSTATCOM configuration.

Table II:
Values of DSTATCOM configuration
Parameter Value
lrms 1443.3A
Ve 15556.3V
Cac 16.665mF
Ly 31.42pH
C, 1.8mF
R, 0.0027Q

C. MATLAB Model Simulation

Fig. 10 shows the overall power system for given case
study with DSTATCOM connecting on 11kV
distribution bus.

Figure 10: MATLAB Simulink simulation

The transfer function of the closed loop control system
shown in Fig.11 can be written as

Ge(s) + G(s)

1+ Ge(s) + G(s) (19)

Transfer function =

Actual voltage

G(s) >

Y

Figure 11: Block diagram of closed loop control
system.

The Fig. 12 shows the control strategy of DSTATCOM
based on PLL.

-

e

Tt

[

v«

) e

Figure 12: Control strategy for DSTATCOM [40]

D. Tuning DSTATCOM controller using ANNs
and PSO

e Employ PSO for optimum value of controller

PSO algorithm is applied to find the optimum


https://dergipark.org.tr/tr/pub/jster

A JOURNAL OF SCIENTIFIC, TECHNOLOGY AND ENGINEERING RESEARCH
o7 i) Bilim, Teknoloji ve Mihendislik Arastirmalari Dergisi, (2021) - 2(1): 32-45

V\j ) ISSN : 2717-8404 https.//dergipark.org.tr/tr/pub/jster
controller gains of DSTACOM (Vac regulator, Vdc
regulator, and current regulator and PLL regulator).

The algorithm parameters are selected as given in
Table I1I.

Table 1.

Parameters of PSO algorithm
Parameter Size
Population size N=50
Accelerated factors Ci=1,C=15
Inertia w=1.2
Number of iterations i=100

Upper limits for controller gains
Lower limits for controller gains

[10 3500 10 20 5 1500 1500 3000]
[0.01 10 0.0001 0.01 1 100 10 10]

The objective function is minimization of root mean
square error (RMSE) between the actual measured
voltage and reference voltage (1pu). The RMSE and
the objective function are as given in Eq.20 and Eq.21
respectively

n

1 1
RMSE = (= ) (Vi = Vyer)?)? (20)
J = min[RMSE] (21)

Where J: fitness function, RMSE": Root mean square
error, V;: actual voltage, V,..¢: reference voltage(1pu),
and n: number of samples.

MATLAB code is written for the objective function
and the PSO algorithm is running for voltage profile
improvement. Sag and swell events are created in order
to obtain controller gains for deviation of voltage from
1pu. The simulation is running for every deviation of
(0.05pu) from extreme swell to extreme sag. At every
case of sag and swell event the percentage error is
calculated as well the THD.

e Employ ANNs for control DSTATCOM

ANN is proposed as Al method used for controlling
DSTATCOM. The environment of ANN controller has
made them a wide area of interest among researches in
extensive field, due ANN can proficiently learn the
unknown continuously varying environment and act
accordingly. The results from PSO for wide range of
sag and swell events (0.7-1.3) processed and nearly
70% of these data considered as a data base for ANNs
training process. Then the results of ANNs provides
real time to control DSTATCOM. The learning
process of ANN is developed in MATLAB, aided by
the toolbox neural network. For this study eight

networks are defined in MATLAB code in order to
applied the ANNs algorithm for learning and find the
best optimal value of controllers gains according to
disturbance voltage level, the networks are defined as
shown in Table IV.

Table IV
Define networks in ANN algorithm

ANNs Controller gain
Networkl Vac(Kp)
Network2 Vac(ki)
Network3 Vie(Kp)
Network4 Vac(ki)
Network5 i(kp)
Network6 i(ki)
Network? PLL(kp)
Network8 PPL(ki)

o Designing and Programming ANNs

Generally, programming ANNs follow a number

of systemic procedures:

= Collecting of data from the PSO: the values of
ko and k; for each case of sag and swell events
using PSO.

= Data reprocessing in this step the data is
normalized.

= Building the network.

» Training the network.

= Testing the network by used the targets output
in simulation model.

Fig.13 describe the Basic flowchart for designing

ANN Model.

Data processing obtained from PSO

I

Programming ANNSs using the data base from PSO as input
for ANNs

v

Trained eight Networks (DSTATCOM controller gains )

'

Testing training networks for sag and swell events

v

<

Figure 13: Basic flowchart for designing ANNs
model
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VI. RESULTS AND DISCUSSION

A. Creation of Sag and Swell Events on Distribution
Bus
A wide range of extreme sag (0.7pu) and extreme swell
(1.3pu) are created on distributed bus. This may
represent the different disturbances occur on
distribution system such as faults or over voltage due
switching capacitor bank and other electrical
disturbance may occur. Fig.s 14 and 15 show the
extreme sag and extreme swell respectively.
i ; W i

b

Figure 14: Extreme sag event 0.7pu
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Figure 15: Extreme swell event 1.3pu
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These events are simulated by network model using
MATLAB/Simulink. The deviation of voltage on
distribution bus is considered to be around 0.05 pu.
DSTATCOM controller gains are obtained for each
created event using PSO algorithm as well as the
percentage error is also calculated according to the
objective function of the optimization function. Table
V and Table VI shows the results of DSTATCOM
controller gains for the main steps selected from the
data base obtained by PSO disturbances of swell and
sag voltage events respectively.

ISSN : 2717-8404 https.//dergipark.org.tr/tr/pub/jster

Table V.
Optimal values of DSTATCOM controller gains during
main steps of swell events using PSO

Event 1.3pu 1.25pu 1.20pu  1.15pu  1.10pu
Vac(Kp) 10 7.43 3.82 10 10
Vac(ki) 10 3500 198 10 10
Vc(Kp) 10 le-4 6.22 10 10
Vae(Ki) 20 12.3 15.5 le-2 20

i(kp) 2.75 2.17 2.05 5 5
i(ki) 415 1500 436 1280 1500
PLL(Kp) 1170 1500 1380 1500 1800
PPL(ki) 3000 10 2640 3000 3000
Error% 4 4.58 5.457 8.86 5.925
Table VI:

Optimal values of DSTATCOM controller gains during
main steps of sag events using PSO

Event 0.9pu 0.85pu  0.80pu  0.75pu  0.70pu
Vac(Kp) le-2 le-2 10 10 10
Vac(Ki) 10 3500 3500 3500 10
Vc(kp) le-4 10 le-4 le-4 le-4
Vac(ki) le-2 1.67 20 20 20

i(kp) 1 1 5 1 1

i(ki) 100 1170 701 1370 100
PLL(kp) 2100 988 1130 659 255
PPL(ki) 23.8 3000 324 10 10

Error% 9.98 9.55 9.14 9.17 0.99

B. Selection of Controller Gains Using PSO

The controller gains of DSTATCOM are selected and
optimized according to the objective function which is
minimization the RMSE between the measured bus
voltage and the reference value (1pu). The sag events
via error are drawn as in Fig. 16, while the swell events
via error drawn in Fig. 17. From the charts of sag and
swell via percentage error, it clear that the worst case
of error is below 10% which acceptable referring to
IEEE Standards.

Soatrem

Figure 16: Sag events via error%
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Swelltvent

Figure 17: Swell events via error%

C. Control DSTATCOM using ANNs

PSO is used as a tool to obtain the optimum values of
controller gains. Then data processing is done and
nearly 70% of these data is used to train eight networks
that control DSTATCOM as mention in Table 4.
Values for controller gains is applied to ANNSs in
training phase. ANN logarithm is used for practice the
controller and select the gains constants according to
activations elements. The controller constants are used
as inputs to train the eight controller constants
networks.

Fig. 18 shows the training, validation, and test errors
used to check the progress of training for eight trained
networks. Fig. 19 describe the estimation function by
the ANN. The regression of output is reported in Table
VII. The R value is an indication of the relationship
between outputs and targets.

Best Validation Performance is 0.68845 at epoch 7

Mean Squared Error (mse)

13 a
13 Epochs.
Network 1
Bost Valldation Parformance Is 12311 at epoch 12
.l

—n

Maan Squared Error (mse)

" tmesoens
Network3

Best Validation Performance is 2.3703 at epoch 2

Mean Squared Error (mse)

8 Epochs.
Network S
Bost Vaidation Performance is 1.3516 at epoch 14

Mean Squared Error (mse)

 MEpochs
Network7

Best Validation Performance is 1.2963 at epoch §
o AT e
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Mean Squared Error (mse)

__ 11 Epochs
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Best Validstion Performance is 0.69725 at epach 2

East

s 4 s
8Epochs,
Network4

Bost Validation Parformance is 1.1434 at epoch 1

3 :
7Epochs
Network6

Best Validation Performance is 3.8998 at epoch 4

10 Epochs
Network 8

Figure 18: Training validation and test curves for

neural networks

Table VII.

Evaluation of MSE and fitting function R for eight neural

networks

Neural Network MSE R

Networkl 0.69845 0.81662
Network?2 1.2963 0.85723
Network3 1.2311 0.75731
Network4 0.69725 0.85287
Network5 2.3703 0.81662
Network6 1.1434 0.85723
Network7 1.3516 0.75731
Network8 3.8998 0.85287
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Figure 19: Estimation and fitting for neural networks

D. Effect of ANNs Controller on Performance of
DSTATCOM for Improve the Voltage Profile

ANN logarithm is used for practice the controller and
select the its gains constants according to activations
elements. The algorithm is employed using nearly 70%
of data obtained from PSO. Table VIII shows the
results and controller gains for extreme swell and
extreme sag by using developed controller of
DSTATCOM.

Table VIII:
Voltage profile improvement using developed
DSTATCOM controller

Event Voltage profile THD%
improvement
Extreme swell (1.3pu) 1.02pu 3.26
Extreme sag (0.7pu) 1.07pu 9.23

Fig. 20 shows the effect of DSTATCOM on improving
the voltage profile of the system at PCC during voltage
swell event with acceptable range according to IEEE
Std.1159.
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Figure 19: Effect of DSTATCOM on Voltage profile
during extreme swell event.

Fig. 21 shows the effect of DSTATCOM on improving
the voltage profile of the system at PCC during voltage
sag event with acceptable range according to IEEE
Std.1159.
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Figure 20: Voltage profile improvement for extreme
sag event.

The proposed technique ANN with PSO is an effective
technique to control DSTATCOM for voltage profile
improvement on distribution system for the goal of real
time control rather than traditional off line control.
Also, the controller is examined for improving the
voltage profile for continuous extreme sag and extreme
swell, the results proved the robust and efficient of
developed controller as shown in Fig.s 22 and 23 for
rms voltage and phase voltage respectively.
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disturbances that may occur in distribution system with
efficient enhancement for voltage profile compared
with conventional control strategies. The simulation
results proved the efficient of suggested method for
controlling DSTATCOM in order to improve voltage
profile on distribution system.
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Figure 21: Effect of developed DSTATCOM controller
using Al on rms voltage profile.
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Figure 22: Effect of developed DSTATCOM controller
using Al on instantaneous voltage profile.

VII. CONCLUSIONS

The results proved the importance of using Al in
controller design of DSTATCOM, the voltage profile
is improved during voltage events mainly sag and swell
events in real time. The PSO is used as a tool for
obtained the optimum values of DSTATCOM
controller gains and then ANN is used as Al technique
for real time control of DSTATCOM. The work proved
the efficient of using ANN as Al technique for tuning
PI controller of DSTATCOM in order to improve the
voltage profile on distribution system. The
DSTATCOM with developed controller validated the
importance of Al methods such as ANN. Using such
this developed controller may increase stability and
reliability of power system and hence the network
converts to smart network. Developed controller using
ANN supports DSTATCOM with robust tuning
system, since its responds to different real time voltage
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HIGHLIGHTS GRAPHICAL ABSTRACT

= Radiography, tensile test Controls made during the production and assembly of natural gas pipelines are very important
and 3 different electrodes in terms of quality, human, environmental safety and security. For this reason, in our study,
were used in the study the joining welds of natural gas pipelines used in the city of Mardin were examined with a

= Asaresult of the non-destructive method according to API 1104 standard. Radiographic pictures of the welded

radiographic joints of the API 5L X42 standard steel pipes used in the natural gas pipeline for non-
examinations, it has been

- destructive testing were taken, defects were detected and solutions were tried to be developed.
determined that there are . fh . . ith wel i |
many defects in the welded In addition, gs part of the study, destruc‘Flve tests.were carried out wit Yve ded tensile sam_p _es
joints. taken from pipes. As a result of the tensile tests, it was seen that the optimal electrode for joint

® |t has been found that the welding is T2-Pure electrode. The graphical abstract of the article is shown in Figure A.
optimal electrode for joint

welding is the T2-Pure
electrode Radiographic

Natural gas pipeline

Keywords:

= Natural gas pipes

= API 5L X42

= Welding defects

= APl 1104

= Non-destructive testing
= Radiographic testing
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Figure A. Graphical work flow of the proposed study.
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Material and Method: Radiography, tensile test and 3 different electrodes were used in the study.

DOI: Findings and Results: According to API 1104 standard, defects occurring in welded joints in the

10.5281/zen0do.4755095  hineline were examined radiographically. In the radiographic examinations, defects were detected in
the joint welding.

*Correspondence: . . . " . . .

Hamit Adin Conclusion: As a result of the radiographic examinations, it was determined that the defects in the

hamit.adin@batman.edutr  Joining weld were caused by the electrode used. In addition, as part of the study, destructive tests were
carried out with welded tensile samples taken from pipes. As a result of the tensile tests, it was seen
that the optimal electrode for joint welding is T2-Pure electrode.
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ONE CIKANLAR/HIGHLIGHTS

» Calismada radyografi, ¢cekme testi ve 3 farkl elektrot kullanilmistir
» Radyografik incelemeler sonucunda kaynakl birlegim yerlerinde bir¢ok hata oldugu tespit edilmigtir.
» Baglanti kaynagi i¢in en uygun elektrotun T2-Saf elektrotu oldugu bulunmustur
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Dogalgaz boru hatlarinin imalat ve montaji asamasinda yapilan kontroller kalite, insan,
cevre giivenligi ve emniyet bakimindan ¢ok 6nemlidir. Bu nedenle ¢alismamizda, Mardin
ili sehir i¢inde kullanilan dogalgaz boru hatlarimin birlestirme kaynaklart API 1104
standardina gore tahribatsiz yontemle muayene edilmistiv. Tahribatsiz muayene igin
dogalgaz boru hattinda kullanilan API 5L X42 standardindaki ¢elik borularin kaynakl
birlesme yerlerinin radyografik resimleri ¢ekilerek hatalari tespit edilmis ve ¢oziimler
gelistirilmeye calisilmistir. Ayrica, ¢alisma kapsaminda borulardan alinan kaynakl
¢ekme numuneleri ile tahribatli deneyler de yapimistir. Cekme deneyleri sonucunda,
birlestirme kaynagi i¢in en uygun elektrotun T2-saf elektrotu oldugu goriilmiistiir.
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I. GIRIS [INTRODUCTION]

Diinya genelinde artan dogalgaz kullanimi, arz ve talep
merkezlerinin  ¢esitli tasima tiirleri ile birbirine
baglanmalarint zorunlu kilmaktadir. Kara ve deniz yolu
tasimaciliklarima kiyasla boru hatlar1 ile dogalgaz
tasimaciligi, daha yiikksek tasima hizi yaninda daha
giivenilir, kaliteli, ¢evreci ve atmosfer kosullarindan
etkilenmemesi  sebebiyle Ustlinliikleri vardir. Bu
nedenlerden dolay1 dogal gaz, gelisen teknolojinin de
yardimiyla, iiretim merkezlerinden tiiketim bolgelerine en
ekonomik sekilde boru hatlar1 vasitasiyla taginmaktadir

[1-4]. Ekonomik ve stratejik olarak onemli bir yeri olan
dogalgazin, Uretimi yapilan yerlerden son kullanilacak
yere kadar taginmalan dikkatle yiiriitiilmesi gereken bir
islemdir.  Yiiksek basinglarda ve genellikle de celik
borularla bu islem yapilmaktadir [5-7]. Tasima islemini
yapacak olan bu borularin her tirlii dis etkenlerden
korunacak sekilde, yiiksek mekanik ozelliklere sahip
olmalar1 gerekmektedir [3, 7, 8]. Bu ylizden, petrol ve
dogalgazi tasiyan c¢elik borular, genel olarak API
(American Petroleum Institue) 5L standardina uygun
olarak {iiretimi saglanmaktadir. API SL standardinda
iretilen gelikler, diisiikk alasimli ve yiiksek mukavemetli
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celik serileridirler [9-11]. API 5L standardi, A, B ve X
kalite gruplarindan olugmaktadir. Bu kalite gruplarinda, A
kalite sinifi 210 MPa (30500 Psi), B kalite sinifi ise 245
Mpa (35500 Psi) minimum akma mukavemetini ifade
etmektedir. X kalite sinifina baktigimizda ise 6rnegin X42,
42100 Psi (290 MPa) minimum akma mukavemetini ifade
etmektedir. Ayrica, API 5L standardinda iiretilen borular,
dikissiz veya dikisli ¢elik borular olarak imal edilirler [12,
13]. Celik smiflarma gore API 5L standardinda boru
imalat metotlar1 Tablo 1°de verilmistir [14].

Tablo 1. Celik siniflarina gore API 5L standardinda boru imalat
metotlar1 [14].

Kullanilan kaynak Celik Sinifi (Standart gosterim)
tekniklerine gére boru imalat
metodu A25 AveB X42 — X80
Dikissiz v v v
Dikisli (Boyuna ve spiral)
Boyuna dikisli
Alin kaynakli v
Ortiilii elektrotlu ark
kaynakli v v v
Toz alt1 ark kaynakl v v
Gaz metal ark kaynakli v v
Gaz metal ark ve toz alt1 ark v
kaynakli
Cift dikigli* v v
Spiral dikigli**
Spiral toz alt1 ark kaynakl v v

(*) Cift dikisli borular 9144 mm ve daha biiyik dis caplar ile
sinirlandirilmustir.

(**) Spiral dikigli borular 114,3 mm ve daha biiyiik dis ¢aplar ile
siirlandirilmislardir.

Celik simiflarina goére API 5L standardinda imal edilen
celik borularin mekanik oOzellikleri ise Tablo 2’de
verilmistir [15].
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Tablo 2. API 5L standardina gére borularin mekanik 6zellikleri
[15].

Minimum akma Minimum ¢ekme

Celik mukavemeti mukavemeti
Sinifi . .
MPa Psi MPa Psi
A 25 175 25400 310 45000
A 210 30500 335 48600
B 245 35500 415 60200
X 42 290 42100 415 60200
X 46 320 46400 435 63100
X 52 360 52200 460 66700
X 56 390 56600 490 71100
X 60 415 60200 520 75400
X 65 450 65300 535 77600
X170 485 70300 570 82700

Dogalgaz borulart genel olarak kaynak yapilarak
birlestirildiginden kaynakli birlestirilmenin kalitesi onem
arz etmektedir. Bu yiizden, kaynakla yapilan
birlestirmelerde, istenilen mekanik ozelliklere
ulasabilmek icin kullanilan elektrotun uygunlugu cok
onemlidir [16]. Ayrica, kullanilan elektrotun uygunlugu
ile birlikte kaynak yapan operatoriin uzmanligi da kaynak
kalitesini oldukca artirmaktadir. Bu sayede, kaynak
bolgesinde olusabilecek olan ciiruf, enine catlaklar, eksik
doldurulmus oluk, asir1 kok niifuziyeti, kdk niifuziyet
eksikligi, erime eksikligi ve gozenekli yapr gibi kaynak
bolgesi hatalar1 en aza indirilmektedir [17].

Gelisen teknolojiyle birlikte imal edilen irlinlerin kalite ve
giivenirligi de biiyiik bir 6nem kazanmaktadir. Bu yiizden,
kalite ve giivenirliligin saglanmas1 bakimindan, iiretilen
irine herhangi bir zarar vermeden tahribatsiz olarak
muayene ilgi ¢ekmektedir. Tahribatsiz olarak yapilan
muayene yontemiyle, imal edilen iiriinlerdeki hatalar
kullanimdan &nce tespit edilmis olunmaktadir [18-20].

Tahribatsiz muayene iglemlerinden olan radyografi testi,
petrol ve dogalgaz tasiyan borulara yapilan birlestirme
kaynagmin uygunlugunu kontrol etmek amaciyla siklikla
kullanilmaktadir. Bu ydntemin kaynak hatalarim
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belirlemekte basarili oldugu bilinmektedir [18, 20].
Calismanizda, Mardin Ili sehir ici dogalgaz boru
hatlarinin  birlestirilmesi igin kullanilan kaynaktaki
hatalarin  tespiti amaciyla radyografik incelemeler
yapilmustir. incelemeler igin X 15111 ve gama 1511 cihazlart
kullanilarak borularin ¢ok sayida radyografik filmi
cekilmis ve  kaynakli  birlestirmelerin  kusurlar
bulunmustur.

Calismalarda, bulunan kusurlarin giderilmesi i¢in spiral
dikisli API 5L standardinda iiretilen X42 celik dogalgaz
borular1 3 farkli elektrotla yeniden kaynak edilmis ve
kaynak birlestirme noktalarindan elde edilen numunelere
cekme testleri uygulanarak en uygun kaynak elektrodu
tespit edilmeye caligilmistir.

1. MATERYAL VE METOD [MATERIAL AND
METHOD]

Calismada, Mardin [li simirlar1 igerisinde yer alan yaklasik
7 km uzunlugunda, API 5L X42 kalitesinde, 8 in¢ ve 4,8
mm et kalinligindaki dogalgaz borularinin kaynak yerleri
tahribatsiz  (Radyografik) muayene yontemi ile
incelenmistir.  Muayeneler  esnasinda, radyografik
filmlerle tespit edilen kaynak hatalarinin yerleri
isaretlenmistir. Isaretlenen hatali kaynaklar mekanik
olarak taslama yapilarak temizlenmeye calisilmistir.
Temizle isleminin yapilamadigi durumlarda ise kaynak
bolgesi kesilerek borularin iizerinde yeniden kaynak agzi
acilmustir. X42 celik borularin kaynak agzi “V” seklinde
ve 60° agili olarak acilmigtir. Borularin kaynak agzi
basarili bir kaynagin olmasi igin her tiirlii pas, boya vb.
seylerden temizlenmistir. Ag¢ik ve kapali alanda kullanima
uygun olmast ve dogalgaz borularinin kaynakl
birlestirilmelerinde siklikla kullanilmasi sebebiyle ortiilii
elektrotla elektrik ark kaynak metodu kullanilmigtir [18].
Kaynak iglemi i¢in kullanilan elektrotun capt 2,5 mm
olarak secilmistir. Boru kaynaginda uygulanan pasolar, et
kalinlig1 4 mm’den biiyiik olmasi sebebiyle 5 paso olarak

Tablo 3. X42 ¢eliginin kimyasal bilesimi.
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(kok, sicak, dolgu, dolgu ve kapak seklinde) yapilmis olup
Kok pasoda 110 Amper ve 25 Volt, diger pasolarda ise 290
Amper ve 30 Volt cihaz degerleri kullanilmistir. Kaynak
islemi yukaridan asagiya olacak sekilde yapilmistir.
Borularin hizalari ¢ok hassas sekilde sabitleyici aparatlarla
yapilmigtir. Kullanilan elektrotlar, sadece kullanim
agamasinda kutularindan ¢ikarilmis olup dis etkilerden
(yagmur, nem vb.) korunmasina dikkat edilmistir. Bu
amag i¢in portatif bir kuliibe kullanilmigtir. Ayn1 sekilde,
operatorler icinde portatif bir kuliibe kullanilmistir. Dogru
sonuglarin elde edilmesi amaciyla tiim kaynak islemleri
saha kosullarinda yapilmistir. Hatali kaynak yapilan
dogalgaz borularmin kaynak yerleri taglama yapilarak
temizlendikten sonra 17 takim halinde ve 3 farkli
(swrasiyla, E42 2C 21, T1-Saf ve T2-Saf elektrotlari
kullanilarak) elektrotla tekrar kaynak edilmistir.
Calismanin deneysel sonuglar ve tartigma boliimiinde, T1-
Saf ve T2-Saf elektrotlarinin ihtiyaglara gore E42 2C 21
elektrodu (AWS A5.1 E6010) 06zerinde kimyasal
degisiklikle nasil elde edildigi belirtilmistir. Farkl
elektrotlarla kaynak edilen bu takimlarin kaynak
bolgelerinin  yeniden radyografik filmleri ¢ekilmistir.
Boylece, kaynak hatalar1 varsa tespit edilerek sorunlar
giderilmistir. Tim kaynak islemleri API 1104
standartlarina uygun kaynak yapabilen sertifikali uzman
teknisyenler tarafindan yapilmistir. Hatalar1 giderilen X42
celiginden yapilmig borularin kaynakli birlestirme
yerlerinden, kaynakli birlestirmeyi yapmaya en uygun
elektrotun  tespiti amaciyla, numuneler alinarak
mukavemetlerini 6lgmek amaciyla ¢gekme testi (tahribatli)
uygulanmistir. Cekme deneyleri sonucunda, en yiiksek
¢ekme mukavemetini saglayan elektrotun dogalgaz
borularinin birlestirilmeleri i¢in kullanilmasi saglanmustir.
Calismamiz kapsaminda kullanilan ve API standartlarina
gore imal edilen X42 kalitesindeki ¢elikler, dogalgaz boru
hatlar1 olarak siklikla kullanilan, yiiksek mukavemetli,
diisiik alagimli ve ince taneli dogalgaz borularidir [9-11,
21, 22]. Calismada kullanilan X42 ¢eliginin kimyasal
bilesimi Tablo 3’te verilmistir.

Kimyasal Bilesim (%)
Malzeme

C Si Mn P S Cr Ni Cu

Mo Ti Nb \Y B Fe

X42 026 045 130 003 003 050 050 050

015 004 005 0005 10 Kalan
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Tablo 4. Elektrotlarin kimyasal bilesimi.

Kimyasal Bilesim (%)
Elektrot
Si Mn Mo Ni
E422C21 0,08 0,2 0,6
T1-Saf 0,08 0,2 0,6 0,002 0,035
T2-Saf 0,08 0,2 11 0,008 0,048

Deneysel c¢aligmada kullanilan elektrotlarin  kimyasal
ozellikleri Tablo 4’te verilmistir.

2.1. Radyografik muayene

Kaynak yapilarak birlestirilen dogalgaz borularinin,
tahribatsiz  muayene  yoOntemlerinden  radyografik
incelemeleri (Kodak T200 film tipi) ile boru hattindaki
birlestirme dikislerinde meydana gelen hatalar uzman bir
teknik personel tarafindan APl 1104 standardina gore

Enine gatlaklar Eksik doldurulmus oluk

B 2

Ciiruf Hatalan

Alttan kesik kok

Kok niifuziyet eksikligi

Erime eksikligi

Sekil 1. Radyografik incelemelerde en yaygin goriilen kaynak
bolgesi hatalar1 [23].

Bilim, Teknoloji ve Miihendislik Arastirmalari Dergisi, (2021) - 2(1): 46-57

tespit edilmistir. Boylece kaynak hatalar1 giderilmistir.
Radyografik incelemelerde, en yaygin goriilen kaynak
bolgesi hatalar1 Sekil 1°de verilmistir [23].

.

Asin kok nifuziyeti

Gozenekli yapi
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API 1104 standardina gore hatalarin degerlendirilmesi
asagida belirtildigi gibidir [24].

* Bir gbzenegin ¢ap1 1,5 mm’yi gecmemelidir.

» Kaynak dikisindeki herhangi bir ¢atlak higbir
sekilde kabul edilemez ve bu dikislerin hemen sokiiliip
tamir edilmesi gerekir.

* Yan cidarn kaynamama ve yetersiz niifuziyet de
borularin kaynaginda miisaade edilmeyen hatalardir.

* Kok paso tagkinliginin (siskinliginin) 2 mm’ye
kadar olanmi kabul edilir.

* Kok pasonun igbiikkey olmasi halinde (cevre
dikisinin yarisina kadar olmasi sartiyla) en ¢ok cidar
kalinliginin %10’una kadar mevcut bir igbiikeylik
kabul edilir.

* Rastgele dagilmis bulunan bir ciiruf kalintisinin
genisligi en fazla 3 mm olabilir. Komsu kalintinin da
en az 50 mm uzakta olmasi gerekir.

2.2. Cekme deneyi

Mekanik olarak yapilan ¢ekme deneylerinde, kaynak
birlestirme noktalarindan elde edilen ve API standardina
gore hazirlanan numuneler kullanilmistir. Cekme
deneyleri 60 ton kapasiteli Laryee 600 LX isimli ¢gekme
cihazi ile oda sicakliginda, %50 nemde yapilmistir. Biitiin
cekme deneyleri 5 mm x dk! c¢ekme hizinda
gerceklestirilmistir. Cekme deneyleri sayesinde, kaynak
yapilan dogalgaz borusunun dikislerinin mukavemeti ve
% uzamasi degerlerinin bulunmasi saglanmistir. Bulunan
bu degerlerin birbiriyle karsilastirmas1t ile kaynak
bolgesine uygulanan elektrotun uygun olup olmadigi
saptanmistir.

Deneysel calisma igin dogalgaz borularinin kaynak
yapilmig kisimlarindan alinan numuneler API standardina
gore mm olarak 4,8x25x500 olciilerinde hazirlanarak
Laryee 600 LX isimli ¢ekme cihazi ile otomatik sekilde,
kopma meydana gelene kadar ¢ekme islemine devam
edilmistir. Cekme deneylerinde kaynagin mukavemeti
olciildiiglinden, kaynak yapilan bolgeye dik olacak sekilde
cekme yikil uygulanmistir. Cekme testinde, 17 deney
takiminin her birinden 3’er numune alinarak (Toplamda
51 adet) ortalama degerleri bulunmustur. Cekme deneyi
icin hazirlanan bir numune Sekil 2°de gosterilmistir.
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Kaynak bolgesi

Sekil 2. Cekme deneyi numunesi.

I11. DENEYSEL SONUCLAR VE TARTISMA
[EXPERIMENTAL RESULTS AND DISCUSSION]

3.1. Radyografik sonuglar

API 1104 standardina gore, boru hattindaki kaynakli
birlestirmelerde meydana gelen hatalarin radyografik
incelemeleri uzman bir teknik personel tarafindan kontrol
edilmis olup tespit edilen bazi kaynak hatalarinin
fotograflart Sekil 3’te verilmistir. Sekil 3’ten de anlasildig1
gibi, 1. takim radyografik filmi incelendiginde, 1 adet 4
cm uzunlugunda ciiruf hatast ve 3 cm uzunlugunda kapak
kaynaginda diisiiklik oldugu yani kapak pasosunun
tamamlanmadiglr gozlenmistir. Tespit edilen bu kaynak
hatasinin giderilmesi amaciyla, mekanik olarak kaynak
bolgesi temizlenerek tekrar kaynak yapilmis ve hata
giderilmistir.
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9.Takim 11.Takim 13.Takim 15.Takim

Sekil 3. Radyografik incelemelerde tespit edilen bazi hatalarin fotograflari.

Sekil 3’te bulunan 3. takimin radyografik filmi
incelendiginde, kaynak dikisi boyunca yanma oldugu
goriilmektedir.
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Kaynak yapilirken, kaynak operatoriiniin amperi yiiksek
tutmasi sebebiyle kaynakta 5,5 cm uzunlugunda yanma
olustugu anlasilmistir. Tespit edilen bu kaynak hatasi,
kaynakli bolge mekanik olarak temizlendikten sonra
yeniden kaynak yapilmistir. Sekil 3°te verilen 5. Takimin
radyografik filmi incelendiginde, 10-20 cm araliginda 3
tane kiicilik gaz boslugu oldugu ve kapakta yanma olustugu
goriilmektedir. 10-20 cm araliginda bulunan hatali kaynak
mekanik olarak temizlendikten sonra yeniden kaynak
yapilarak hata giderilmistir. Sekil 3’te bulunan 7. takimin
radyografik filmi incelendiginde, 30-35 cm araliginda
cliruf sikigmasi oldugu, ayrica 35-40 cm arasinda ise
kapakta diisiiklilk oldugu goézlemlenmistir. Belirlenen
hatali bolge temizlenerek tekrar kaynak yapilmig ve
kapaktaki diisiikliik boylece giderilmigtir. Sekil 3’te
bulunan 9. takimin radyografik filmi incelendiginde, 10-
15 cm araliginda az da olsa kaynak erime eksikligi oldugu
goriilmektedir. Belirlenen hatali bolge temizlenerek tekrar
kaynak yapilmistir. Sekil 3’te bulunan 11. takimin
radyografik filmi incelendiginde, 52-53 cm araliginda
kiigiik gaz bosluklarinin oldugu ve kok pasoda (boru
agzinda y1gilmanin) oldugu goriilmiistiir. Belirlenen hatali
bolgedeki kaynak temizlendikten sonra diizgiin bir sekilde
yeniden kaynak yapilarak hata giderilmistir. Sekil 3’te
bulunan 13. takimin radyografik filmi incelendiginde, 45.
cm hizasinda kaynak bolgesinde kayma oldugu tespit
edilmis ve bolge temizlenip diizeltildikten sonra yeniden
kaynak yapilarak hata giderilmistir. Sekil 3’te bulunan 15.
takimin radyografik filmi incelendiginde, kaynak yapilan
bolgede kiiciik bir ciliruf kalintisi tespit edilmistir.
Belirlenen bu ciiruf kalintisinin bulundugu kaynak bolgesi
temizlendikten sonra yeniden kaynak yapilarak hata
giderilmistir.

3.2. Cekme deneyi sonuglart

3 farkli elektrotla birlestirilen dogalgaz borularinin kaynak
bolgesinden elde edilen 17 deney takimindaki (her
takimda 3’er numune) toplam 51 numuneye ¢ekme testi
uygulanmigtir. APl  standardina gore hazirlanan
numunelerin ¢ekme testinden elde edilen verilerle hangi
elektrotun dogalgaz borularini birlestirmeye en uygun
oldugu tespit edilmistir.

E42 2C 21 elektrotu ile birlestirme kaynagi yapilan X42
¢elik dogalgaz borularindan alinan 1.takim numunelerine
cekme testi uygulanmus olup akma ve c¢ekme
mukavemetleri ile kopmanin oldugu bolge Tablo 5’te
belirtilmistir.
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Tablo 5. X42 ¢eligin ve 1.takimin akma ve ¢ekme mukavemeti
degerleri.

Numune Akma (MPa)  Cekme (MPa)  Hasar Bolgesi
X42 geligi 372,70 499,2
1.Takim 362,46 452,6 Kaynak

Tablo 5’teki akma ve ¢ekme mukavemeti degerleri
incelendiginde, X42 ¢eliginin akma mukavemeti 372,7
MPa, cekme mukavemeti ise 499,2 MPa oldugu
goriilmiistiir. Bu degerler 1.takimin 362,46 MPa olan
akma mukavemeti ve 452,6 MPa olan ¢ekme mukavemeti
ile kiyaslandiginda, E42 2C 21 elektrotunun birlestirmeye
yeterli katkiy1 saglayamadigi agik sekilde goriilmektedir.
Ayrica, kopmanin kaynak bdlgesinde olusmasi, baska bir
olumsuz sebep olmustur. Bu yilizden -elektrotun
degistirilmesine karar verilmistir. Sekil 4’te, E42 2C 21
elektrotu kullanilarak birlestirilen 1. Takimdaki X42 ¢elik
borularindan alinmig numunenin gerilme-sekil degistirme
diyagrami, X42 ¢elik borularinin ¢ekme testi degerleri ile
karsilastirilarak verilmistir. Uyumsuzluk burada daha net
sekilde goriilmektedir.

&00
— 500
m ] ] ] ]
o
3 400
E 300 i i
8 ! ¥4 Celigi |
g S8 |
% 100 ! 1. Takim
E ] ]
2 i
w
ok

1] 10 20 30 40

Sekil Degistirme (mm/mm)

Sekil 4. X42 ¢eligi ve 1. takimin gerilme-sekil degistirme
diyagramu.

Hem kaynak hatalariin giderilmesi hem de kaynak
dikisinin mekanik olarak gii¢clendirilmesi amaciyla, E42
2C 21 elektrotunun kimyasal yapisina, tokluk ve
dayaniminin artirtlmasi i¢in %0,002 oraninda Molibden
elementi ve %0,035 oraninda Nikel elementi eklenen T1-
Saf ismi verilen yeni bir ortiili elektrot, tiretici firmaya
Ozel olarak yaptirilmustir (Tablo 4). Yeni tretilen T1-Saf
elektrotun ¢ap1 da 2,5 mm olarak belirlenmistir.
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Tablo 6’daki akma ve g¢ekme mukavemeti degerleri
incelendiginde, X42 celiginin akma Mukavemeti 372,7
MPa, c¢ekme mukavemeti ise 499,2 MPa oldugu
gortilmiistir. Bu degerler T1-Saf elektrotu ile kaynak
yapilarak birlestirilen 3.takimin 329,96 MPa olan akma
mukavemeti ve 467,1 MPa olan ¢ekme mukavemeti ile
kiyaslandiginda, T1-Saf elektrotunun da birlestirmeye
yeterli katkiy1 saglayamadigini gostermektedir.

Tablo 6. X42 ¢eligin ve 3.takimin akma ve ¢ekme mukavemeti
degerleri.

Numune Akma (MPa)  Cekme (MPa) Hasar Bolgesi
X42 celigi 372,70 499,2
3.Takim 329,96 467,1 Kaynak

T1-Saf elektrotunun uygun olmadig1 saptandiktan sonra
tokluk ve dayaniminin daha da artirtlmasi igin E42 2C 21
elektrotunun kimyasal yapisina Tablo 4’te belirtildigi gibi
%0,008 oraninda Molibden ve %0,048 oraninda Nikel
elementi eklenerek T2-Saf isminde (2,5 mm ¢apinda) yeni
bir ortiilii elektrot {iretici firmaya 6zel olarak yaptirilmistir.

T2-Saf elektrotu kullanilarak yapilan  birlestirme
kaynagmin 7,9, 11, 13, 15 ve 17. takimdaki ¢ekme deneyi
sonuglart Tablo 7 de ve grafik olarak ise Sekil 5°te
verilmistir. Tablo 7 ve Sekil 5’ten de anlasildigi gibi en
uygun elektrotun T2-Saf oldugu anlasilmigtir. Ayrica tiim
¢ekme deneyi kopmalar1 da X42 ¢elik boru (Ana metal)
tarafinda olmustur. Bu da olmasi istenilen en iyi durumdur
[25].

Sekil 5’te goriildiigii gibi, 9. takimin gerilme-sekil
degistirme grafigi incelendiginde, ortalama akma
mukavemetinin en yiiksek deger olan 399,2 MPa’a
ulastigl, ¢ekme mukavemetinin 495,76 MPa oldugu ve
sekil degistirme degerinin ise 33 (mm/mm) oldugu
goriilmektedir. X42 celiginin 372,70 MPa olan akma ve
499 MPa olan ¢ekme mukavemeti ile karsilastirildiginda
T2-Saf elektrotunun oldukga bagarili bir kaynak elektrotu
oldugu goriilmektedir. Elde edilen degerlerden sonra 584
adet X42 ¢eliginden tretilmis dogal gaz borular1 T2-Saf
elektrotu ile birbirine yeniden kaynak edilmistir.

550
300
430

—— 7. Takm |

:
=2
g 400
> 300 b ~—9.Takm |
= i .
it “==11. Takim
E 200 13, Takm
L = 13.Takam'
100 ~——17.Takam|
0
0 10 20 30 40

Sekdl Degistirme (mm/mm)

Sekil 5.7, 9, 11, 13, 15 ve 17. takimin gerilme-sekil degistirme
diyagrami.

Sekil 6’da, ¢ekme deneyi oncesi X42 boru geligi ¢ekme
testi numunesi, ¢ekme deneyi sonrasi kaynak bolgesi ve
ana metalde meydana gelen kirilmalarin fotograflar
verilmistir.

‘|_Kaynak bolgesi

Cekme numunesi

T W

Kaynak bélgesinden kirilmis numune

Kaynak bolgesi

Sekil 6. Cekme deneyi 6ncesi ve sonrast numune fotograflari.
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Tablo 7. Cekme deneyinde kullanilan 7, 9, 11, 13, 15 ve 17. takimlarin akma ve ¢ekme mukavemeti degerleri.

Deney Takim Numune Akma Gerilmesi (MPa) Cekme Gerilmesi (MPa) Hasar Bolgesi
1 379,60 497,70 Ana Metal
2 382,50 501,30 Ana Metal
7 Takim 3 376,20 505,10 Ana Metal
Ortalama 379,43 501,36 Ana metal
1 402,70 493,00 Ana Metal
2 395,34 499,10 Ana Metal
9. Takim 3 399,67 495,20 Ana Metal
Ortalama 399,20 495,76 Ana Metal
1 377,10 490,90 Ana Metal
2 382,80 496,30 Ana Metal
11. Takim 3 389,50 492,50 Ana Metal
Ortalama 383.13 493,23 Ana Metal
1 370,8 509,66 Ana Metal
2 383,00 496,00 Ana Metal
13. Takim 3 376,00 499,33 Ana Metal
Ortalama 376,6 501,66 Ana Metal
1 377,00 489,10 Ana Metal
2 369,90 472,60 Ana Metal
15. Takim 3 370,60 473,90 Ana Metal
Ortalama 372,50 478,53 Ana Metal
1 379,30 527,51 Ana Metal
2
17. Takim 380,90 520,99 Ana Metal
3 375,60 519,78 Ana Metal

Ortalama 378,60 522,76 Ana Metal
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IV. SONUC VE ONERILER [CONCLUSION AND
RECOMMENDATIONS ]

Bu calismada, Mardin ili sinirlari igerisinde yer alan
yaklasik 7 km uzunlugunda, API 5L X42 kalitesinde, 8 ing
ve 4,8 mm et kalinligindaki dogalgaz borularinin kaynak
yerleri tahribatsiz (Radyografik) muayene yontemi ile
incelenmistir.  Radyografik  incelemelerde, kaynak
dikislerinin API 1104 standartlarina uygun olmadigi
gozlemlenmistir. Hatali kaynak yerleri temizlenen (veya
yeniden kaynak agzi agilan) dogalgaz borularina 17 takim
halinde ve 3 farkli elektrotla (Sirasiyla, E42 2C 21, T1-Saf
ve T2-Saf) tekrar kaynak yapilmistir. Daha sonra, tamiri
yapilan bu takimlarin kaynak bdlgelerinin yeniden
radyografik filmleri ¢ekilmistir. Boylece, kaynak hatalari
tespit edilerek sorunlar giderilmistir. Hatalar1 giderilen
X42 celiginden yapilmis borularin kaynakli birlestirme
yerlerinden, kaynakli birlestirmeyi yapmaya en uygun
elektrotun  tespiti amaciyla numuneler alinarak
mukavemetlerini  O6lgmek  i¢in  ¢ekme  testleri
uygulanmistir. Cekme testleri sonucunda, en yiiksek
¢ekme mukavemetini saglayan T2-Saf elektrotunun en
uygun elektrot oldugu tespit edilerek, X42 celiginden
yapilmig dogalgaz borularinin birlestirilmeleri igin
kullanilmasi  saglanmistir. Calismamiz  kapsaminda
yapilan tahribatli ve tahribatsiz deneylerden elde edilen
sonuclar asagida verilmistir.

» Radyografik incelemeler sonucunda, kaynak yapilan
yerlerde ciiruf, gozenek ve yeterli birlesmeme gibi birgok
hatanin  oldugu tespit edilmistir. Isaretlenen hatah
kaynaklar =~ mekanik  olarak  taslama  yapilarak
temizlenmeye calisilmustir. Temizle isleminin
yapilamadigi durumlarda ise kaynak bolgesi kesilerek
borularin {izerinde yeniden kaynak agzi agilmis ve tekrar
kaynak yapilmistir.

* Yeni kaynak i¢in sirasiyla, E42 2C 21, T1-Saf ve T2-Saf
elektrotlar kullanilmustir.

* Yeni kaynak i¢in denenen elektrotlardan T1-Saf ve T2-
Saf elektrotlar1, E42 2C 21 elektrotunun kimyasal
bilesimine farkli oranlarda Molibden ve Nikel elementleri
eklenerek ihtiyaglar dogrultusunda 6zel olarak iiretilerek
isimlendirilmislerdir. Yeni Elektrotlarin ¢ap1 standartlara
uygun olarak 2,5 mm olarak tiretilmistir.

* API 5L X42 kalitesinde iiretilen dogalgaz borularinin
kaynakla birlestirilmesi i¢in kullanilan E42 2C 21 ve T1-
Saf elektrotlarinin, ¢ekme deneyi sonuglarina gore
kopmalari kaynak bdlgesinde olmalar1 sebebiyle uygun
olmadiklart tespit edilmistir. Ayrica, E42 2C 21 ve T1-Saf
elektrotlarinin uygun olmamasinin bir diger sebebi de X42
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celigine gore akma ve ¢ekme mukavemetleri degerlerinin
daha diisiik ¢ikmasidir.

» E42 2C 21 ve T1-Saf elektrotlarinin uygun olmamalari
sebebiyle T2-Saf elektrodu denenmistir. T2-Saf elektrodu
ile yapilan kaynakli numunelerin akma ve g¢ekme
mukavemetlerinin X42 c¢eliginin mukavemet degerlerine
yakin hatta bazi1 takimlarda daha yiiksek c¢iktig1
belirlenmistir. Boylece T2-Saf elektrodu ile dogalgaz
borular1 kaynak yapilmustir.

Bu c¢alisma sayesinde, API 5L X42 kalitesinde iiretilen
dogalgaz borulariin kaynak edilmesinde kullanilacak en
uygun elektrot (T2-Saf) belirlenerek ilerde olusabilecek
hasarlari oniine gegilmistir.
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In this study, heating and cooling degree days were investigated for poultry farms using the
degree-day method for regions where there are large numbers of poultry farms in the Balikesir
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Figure A. HDD and CDD degree days

Aim of Article: Poultry farming is an important activity in Balikesir. In this study, heating and cooling
degree days (HDD and CDD) were investigated for poultry farms using the degree-days method.
Heating and cooling costs were calculated per unit area, according to the use of natural gas, coal,
LPG, fuel oil in heating and electrical energy in cooling.

Theory and Methodology: Heating and cooling degree days were investigated using degree-days
method for poultry farms.

Findings and Results: HDD and CDD varied between 3725 and 2554 and between 237 and 25,
respectively.

Conclusion: HDD and CDD values are important indicators for estimating energy consumption.
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I. INTRODUCTION

Poultry farming is an important activity in Balikesir. Approximately 12% of broilers produced in
Turkey are produced in the province. There are about a hundred facilities within the provincial
borders including the center and districts. In this study, heating and cooling degree days (HDD
and CDD) were investigated for poultry farms using the degree-days method. Determination of
HDD and CDD is important in terms of calculating the amount of energy needed during heating
or cooling. Meteorological data for 2005-2018 obtained from the Turkish State Meteorological
Service were used. The equilibrium temperature, on which the calculations were based, was the
temperature required by broilers during the 6-week production season (Tpase= 31, 29, 25, 23.50,
22.50 and 20.50°C). Heating and cooling costs were calculated per unit area, according to the
use of natural gas, coal, LPG, fuel oil in heating and electrical energy in cooling. The results
showed that the HDD and CDD values varied between 3725 and 2554 and between 237 and 25,
respectively. The lowest fuel costs were obtained in the Edremit district when natural gas was
used, while the highest fuel costs were obtained in the Dursunbey district when LPG was used.
This study is expected to contribute to the literature and guide investments to be made in this
region within this field.

Keywords: Degree days, fuel consumption, Poultry farm, Balikesir

Although there are many methods and techniques for
energy analysis in buildings, the degree-day method, a
simpler technique, is known as the most preferred

Due to population and economic growth, the demand
for energy is increasing rapidly, especially in
developing market economies. As welfare increases,
increased demand creates new  challenges.
Additionally, higher fossil fuel consumption leads to
higher emissions of greenhouse gasses, especially
carbon dioxide (CO,), which causes global warming.
These reasons necessitate the efficient use of energy.

method. Determination of heating and cooling degree-
day numbers is important in terms of calculating the
amount of energy needed during the heating and
cooling of a building. In the degree-day method, the
indoor temperature is directly proportional to the
difference between the equilibrium temperature and
the outdoor temperature [1-2].
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In the field of animal husbandry, environmental
conditions, especially temperature, mainly affect both
the health and productivity of the animals [3]. While
planning a well-organized facility, it should be noted
that the facility must be protected from the cold in
winter and the heat in summer, as well as from sudden
changes of temperature and moisture condensation.
Moreover, the optimum temperature must be kept
indoor. Providing the optimum conditions for
protecting poultry from the effects of unfavorable
climatic conditions and increasing productivity
depends on the accurate planning and design of houses.
Providing the desired environmental conditions in
poultry houses throughout the year effectively is also
important in terms of economic aspects [4].

There are many studies in the literature to determine
heating and cooling degree-day numbers. Dombayci et
al. made an energy consumption estimation by using
different base temperatures in cooling months for ten
cities in Turkey. As a result of their calculations, they
concluded that the highest and the lowest degree-days
for cooling were in Sanlurfa and Ardahan,
respectively. The energy consumption for the cooling
of Sanliurfa was 16 times greater than that of Ardahan
[5]. Baytorun et al. investigated the statistical
correlations between data on heating degree-day and
heat energy requirements for provinces where
greenhouses are widely used in Turkey. The results
they obtained indicated that HDD values facilitate
determination of heat energy requirements [6]. Pusat et
al. determined degree-hour and degree-day data for the
province of Karabiik in Turkey. They obtained the
meteorological data they used from the Turkish State
Meteorological Service. They performed detailed
analyses for the equilibrium temperatures of 5,10
and15 °C [7]. Boyaci determined the heating and
cooling degree days in poultry houses for the province
of Kirsehir and its districts. The degree days ranged
from 2678.47 to 7846.63 for heating and from 0 to
441.76 for cooling. Since heating degree days are high,
heating costs are also important for production costs
[8]. Boyaci et al. determined the heating and cooling
degree days of a laying quail henhouse. They
concluded that, depending on the temperature outside,
there was a need for heating in the henhouse for 74
days, and the HDD value was about 1175, while there
was no need for cooling [9]. Harvey recommended
three reference temperatures and corresponding
indices for both HDD and CDD in their study. The first
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reference temperature they proposed was the indoor
thermostat setting. The second was the outdoor
temperature at which the heat loss balances the internal
heat gain. The third was the outdoor temperature at
which the indoor and solar heat gains are balanced with
the heat loss. In the results, the author stated that, if the
differences between reference temperatures are
known, these differences can be used to calculate the
internal and solar heat gain for a given building [10].
D’Amico et al. determined the relationship between
heating degree-day and heating energy performance
with some simple correlations to obtain a preliminary
assessment of energy demands. In their results, the
authors stated that the proposed methodology could be
expanded and used to increase the reliability of any
decision support tool based on climate indices [11].
Karaagag et al. planned a facility that aimed to meet
electrical energy needs by placing solar panels on the
roof of apoultry farm. The monthly average generation
of the system to be installed on the roof was 2,875
kWh, and the total annual electricity generation was
34,510 kWh. The photovoltaic panels they used on the
roof were calculated have a 6-year depreciation period,
and 32,439.4 kg of CO; emission was prevented thanks
to this solar power plant design [12].

In this study, heating and cooling degree days were
investigated for poultry farms using the degree-day
method for regions where there are large numbers of
poultry farms in the Balikesir province (Center,
Bandirma, Edremit, Dursunbey, Susurluk, Burhaniye,
Ayvalik, Bigadi¢, Manyas, Erdek, Gonen) in Turkey.
The meteorological data of 2005-2018 obtained from
the Turkish State Meteorological Service were used in
the study. The heating or cooling needs of poultry
farms were determined by equilibrium temperatures.
Heating and cooling costs were calculated per unit
area, according to the use of natural gas, coal, LPG,
fuel oil in heating and electrical energy in cooling.

Il. METHOD
A. Heating and cooling degree-days

Generally, DD is considered one of the simplest
methods for energy calculation during heating and
cooling buildings [1]. Degree-days are characterized
with the sum of temperature differences between the
average outdoor air temperature over a given period of
time and a known reference temperature. In this study,
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the HDD and CDD were determined during poultry
production based on equations (1) and (2) [13, 14].

FOF Tout<Tbase,

n
HDD = " (Tyae — Tour) (1)
1

For Tbase<Tout,

n
CDD = " (Tour = Toase) @
1

where n is the days total number during the period. Tpase
and T are the broilers base temperature and the mean
temperature of outside air, respectively.

Broiler production time is recommended to be 41 and
42 days for maximum profit. In this study, production
for 42 days and downtime and annual rotation were
taken as 7 (Table 1). Optimum internal temperature
values, which poultrys in poultry need on a weekly
basis, are the equilibrium temperature values
recommended by researchers for poultry breeding
(Table 2).

Tablel.
Periods and dates of poultry production [13, 15].

B. Calculating the Heat Load

The heat loss from unit surface:
q = UAT 3)

where U is the overall heat transfer coefficient. The
annual heat losses from unit area can be approximately
calculated depending on the degree-days number as the
following:

qa = 86400 U DD 4)

where DD is the degree days. The annual energy
requirement for heating (Ea) can be obtained
approximately by dividing the annual heat loss to the
efficiency of the heating system (ns):

_86400U DD

Ep = B (5)

The annual heating cost Ca,n ($/m?2-year) per unit area
can be calculated by the equation (6):

_ 86400 U HDD C;
Al Hy s

(6)

where Cs is fuel cost ($/kg) and H, is the lower heating

value of the fuel (J/kg; J/mq). The annual cooling cost

Annual Number ; R .
rotation Dates of days per unit area can be calculated using equation (7). COP
Production 1 1Jan - 11 Feb 42 is the performance coefficient of the cooling system
Closed 12 Feb-23 Feb 12 . . .
Production 2 24 Feb-6 Apr 42 and it was taken as 2.5 in this study [8]:
Closed 7 Apr - 18 Apr 12
Production 3 19 Apr -30 May 42
Closed 31 May- 11 Jun 12 — 86400 U CDD C¢ (7)
Production 4 12 Jun-23 Jul 42 AC COP
Closed 24 Jul -4 Aug 12
Production 5 5 Aug - 15 Sep 42 . .
Closed 16 Sep -27 Sep 12 The data used to calculate the heating and cooling costs
Production 6 28 Sep -8 Nov 42 are given in Table 3.
Closed 9 Nov- 20 Nov 12
Production 7 21 Nov - 31 Dec 42 -
Fablelll.
Tablell. Properties of fuels and system efficiency [16, 17].
Weekly base temperaturere commended for broilers [13, System
15]_ Fuel Cost Lower Heating Efficiency
Time Toa°0) Value, Hy (s)(%)
Week 1 3;”80 Natural gas 0.2868 $/m* 34.542x106J/m® 93
Week 2 25,00 Coal 0.1921 $/kg 25.122x106 J/kg 65
Woek 3 25 00 LPG 1.75 $/kg 46.442x106 J/kg 88
: Fuel-Oil 0.73 $/kg 41.317x106 J/kg 80
Week 4 23.50 -
Electricity 0.1252 25
Week 5 22.50 $/kWh (COP)
Week 6 20.50
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I1l. RESULTS AND DISCUSSION

In this study, heating and cooling degree days were
investigated for poultry farms using the degree-day
method for regions where there are large numbers of
poultry farms in the Balikesir province (City Center,
Bandirma, Edremit, Dursunbey, Susurluk, Burhaniye,
Ayvalik, Bigadi¢, Manyas, Erdek, Gonen) of Turkey.
Table 4 presents the calculated HDD and CDD values.
The presented HDD and CDD values were the annual
total values. The calculations were made by accounting
for a total of 7 production periods in each year and 6
weeks in each period. In each production period, the

Table 5 shows the HDD and CDD values according to
the equilibrium temperatures. According to the given
annual rotation table, while heating was required at all
equilibrium temperatures except those corresponding
to summer months, cooling was required at
equilibrium temperatures corresponding to summer
months.

Table 6 shows the HDD and CDD numbers that were
obtained. Figure 1 graphically displays the HDD and
CDD values according to the equilibrium temperatures
in all districts.

equilibrium temperature of the relevant week was TablelV.
. Annual HDD and CDD degree days.
taken as a basis (Trase = 31, 29, 25, 23.50, 22.50 and DD CDD
20.50 °C). The periods when the system was turned off Bandirma 3155 75
; Edremit 2554 237
were not taken into account. (Tables 1, 2). Agvalik by 503
Erdek 2816 131
The highest HDD value was obtained in Dursunbey as gf’nj} ig; ;‘6‘
- . . 1gadi
3725, while the lowest HDD value was obtained in Misnyos 37 6
Edremit as 2554.The highest and lowest CDD values Dursunbey 3725 25
. . . . Susurluk 3062 77
were obtalped in Edremit as 237 and in Dursunbey as Burhaniye 2707 205
25, respectively. Merkez 3227 96
TableV.
HDD and CDD values according to base temperature for all production periods
31°C 29°C 25°C 23.59C 225°C 20.5°C
HDD CDD HDD CDD HDD HDD HDD CDD HDD CDD HDD CDD
Bandirma 805 0 715 0 502 1 429 11 402 20 299 43
Edremit 672 0 568 0 404 30 351 50 324 60 233 95
Ayvalik 682 0 575 0 405 25 353 42 328 50 235 85
Erdek 736 0 631 0 446 10 385 23 360 34 255 62
Génen 791 0 700 0 497 1 430 10 402 18 300 44
Bigadig 802 0 701 0 505 0 436 10 408 21 303 44
Manyas 793 0 706 0 502 0 431 6 407 17 295 39
Dursunbey 912 0 795 0 613 0 528 0 497 3 3718 21
Susurluk 778 0 690 0 488 0 421 11 393 21 289 44
Burhaniye 702 0 596 0 430 24 371 43 348 51 254 86
Merkez 804 0 710 0 516 4 449 17 423 25 323 49
TableVI.
HDD and CDD numbers according to base temperature for all production periods
31°C 29°C 25°C 235°C 225°C 20.5°C
HDD CDD HDD CDD HDD CDD HDD CDD HDD CDD HDD CDD
Bandirma 49 0 49 0 43 7 38 11 37 14 35 14
Edremit 49 0 49 0 35 11 35 14 35 14 29 27
Ayvalik 49 0 49 0 35 14 35 14 35 14 28 21
Erdek 49 0 49 0 42 7 35 14 35 14 35 20
Gonen 49 0 49 0 44 5 37 12 37 11 33 16
Bigadic 49 0 49 0 45 0 38 11 38 12 31 18
Manyas 49 0 49 0 49 0 38 11 38 11 31 18
Dursunbey 49 0 49 0 49 0 49 0 45 4 42 7
Susurluk 49 0 49 0 46 3 37 12 35 12 30 18
Burhaniye 49 0 49 0 35 14 35 14 35 14 28 21
Merkez 49 0 49 0 42 7 35 14 35 14 35 14
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Tables 7 and 8 show the costs of energy required per
unit area by the equilibrium temperatures and the
annual total value. Calculations were made for
natural gas, coal, LPG and fuel oil in heating and for
electrical energy in cooling. In the comparison on the
basis of fuels, it was found that the most economical
fuel was natural gas, while the highest cost was seen
in LPG. In terms of heating, the highest and lowest
energy costs were obtained in Dursunbey and in
Edremit, respectively. The high energy costs in

Bilim, Teknoloji ve Miihendislik Arastirmalari Dergisi, (2021) - 2(1): 58-67
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heating revealed the importance of facility planning.

In terms of cooling, the energy cost in the region was
generally low. This cost was obtained relatively
higher in the gulf districts of Edremit, Burhaniye and
Ayvalik. It was observed that the production periods
that coincided only with the summer season in other
regions also required energy for the high equilibrium
temperatures.

TableVII.
Heating costs per unit area ($/m?)

31°C 29 °C 25°C 23.5°C 22.5°C 20.5°C Annual

Natural gas
Bandirma 0.62 0.55 0.38 0.33 0.31 0.23 243
Edremit 0.51 0.43 0.31 0.27 0.25 0.18 1.97
Ayvalik 0.52 0.44 0.31 0.27 0.25 0.18 1.99
Erdek 0.56 0.48 0.34 0.29 0.27 0.19 2.17
Gonen 0.61 0.54 0.38 0.33 031 0.23 2.40
Bigadi¢ 0.61 0.54 0.39 0.33 031 0.23 2.43
Manyas 0.61 0.64 0.38 0.33 0.31 0.22 242
Dursunbey 0.70 0.61 0.47 0.40 0.38 0.29 2.87
Susurluk 0.60 0.53 0.37 0.32 0.30 0.22 2.36
Burhaniye 0.54 0.46 0.33 0.28 0.26 0.19 2.08
Merkez 0.62 0.54 0.39 0.34 0.32 0.24 2.48
Coal
Bandirma 0.81 0.72 0.51 0.43 0.40 0.30 3.20
Edremit 0.68 0.57 0.41 0.35 0.33 0.23 2.59
Ayvalik 0.69 0.58 0.41 0.35 0.33 0.23 2.62
Erdek 0.74 0.64 0.45 0.39 0.36 0.26 2.86
Gonen 0.80 0.71 0.50 0.43 0.40 0.30 3.17
Bigadi¢ 0.81 0.71 0.51 0.44 0.41 0.30 3.21
Manyas 0.80 0.71 0.51 0.43 0.41 0.30 3.18
Dursunbey 0.92 0.80 0.62 0.53 0.50 0.38 3.78
Susurluk 0.79 0.70 0.49 0.42 0.40 0.29 3.11
Burhaniye 0.71 0.60 0.43 0.37 0.35 0.25 2.74
Merkez 0.81 0.72 0.52 0.45 0.43 0.32 3.28
LPG
Bandirma 2.98 2.64 1.85 1.58 1.49 1.10 11.68
Edremit 2.48 2.10 1.49 1.30 1.20 0.86 9.45
Ayvalik 2.52 2.13 1.50 1.30 1.21 0.87 9.55
Erdek 2.72 2.33 1.65 1.42 1.33 0.94 10.42
Gonen 2.92 2.59 1.84 1.59 1.49 1.11 11.56
Bigadig 2.97 2.59 1.87 1.61 1.51 1.12 11.69
Manyas 2.93 2.61 1.85 1.59 1.50 1.09 11.61
Dursunbey 3.37 2.94 2.26 1.95 1.84 1.40 13.79
Susurluk 2.88 2.55 1.80 1.56 1.45 1.07 11.33
Burhaniye 2.59 2.20 1.59 1.37 1.29 0.94 10.01
Merkez 2.97 2.63 1.91 1.66 1.56 1.19 11.94
Fuel-oil

Bandirma 1.89 1.68 1.17 1.00 0.94 0.70 7.40
Edremit 1.57 1.53 0.94 0.82 0.76 0.54 5.99
Ayvalik 1.60 1.35 0.95 0.82 0.77 0.55 6.06
Erdek 1.73 1.48 1.04 0.90 0.84 0.60 6.61
Gonen 1.85 1.64 1.16 1.01 0.94 0.70 7.33
Bigadi¢ 1.84 1.64 1.18 1.02 0.96 0.71 7.41
Manyas 1.86 1.66 1.17 1.01 0.95 0.69 7.36
Dursunbey 2.14 1.86 1.44 1.24 1.16 0.88 8.74
Susurluk 1.82 1.52 1.14 0.99 0.92 0.68 7.19
Burhaniye 1.64 1.40 1.01 0.87 0.91 0.59 6.35
Merkez 1.89 1.67 1.21 1.05 0.99 0.75 7.57
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TableVIII.
Cooling costs per unit area ($/m?)
31°C 29 °C 25°C 23.5°C 22.5°C 20.5°C Annual
Electricity

Bandirma 0.00 0.00 0.00 0.03 0.06 0.13 0.22
Edremit 0.00 0.00 0.09 0.15 0.18 0.29 0.72
Ayvalik 0.00 0.00 0.07 0.12 0.15 0.25 0.61
Erdek 0.00 0.00 0.03 0.07 0.10 0.19 0.39
Gonen 0.00 0.00 0.00 0.03 0.05 0.13 0.22
Bigadig 0.00 0.00 0.00 0.03 0.06 0.13 0.23
Manyas 0.00 0.00 0.00 0.02 0.05 0.12 0.19
Dursunbey 0.00 0.00 0.00 0.00 0.01 0.06 0.07
Susurluk 0.00 0.00 0.00 0.03 0.06 0.13 0.23
Burhaniye 0.00 0.00 0.07 0.13 0.15 0.26 0.62
Merkez 0.00 0.00 0.01 0.05 0.07 0.15 0.29

Calculation of HDD and CDD values provides
important information in the planning phase of
facilities. This calculation will allow selection of the
appropriate system and material to meet the energy
need and design of the structure. Besides, accurately
estimating the energy need will allow broilers to be
bred under suitable conditions and thus increase
productivity.

Besides, HDD and CDD values are also important
indicators for estimating energy consumption. This
is because it is known that energy consumption
increases as the number of heating and cooling
degree days increases and decreases as the number
of days decreases.

It was observed that the HDD values were higher
than the CDD values throughout the region. The low
energy costs for cooling were an important
advantage. To make heating energy consumption
more economical, on the other hand, utilization of
renewable energy resources may be considered. The
existence of geothermal resources in the Edremit,
Gonen and Bigadi¢ districts may provide an
opportunity to utilize geothermal energy in these
regions.

Furthermore, thermal insulation is a critical factor in
reducing energy costs. Insulation of the external
walls and roofs of facilities with proper insulation
materials will reduce the energy need and provide
energy savings. Insulation will contribute to both
making savings and environmental factors.

IV. CONCLUSION

In this study, HDD and CDD values for raising
broiler were calculated, using the meteorological
data obtained from the General Directorate of
Meteorology for the city center and districts of the
province of Balikesir in Turkey. The daily average
outdoor temperature data between 2005 and 2018
were used. Calculations were made based on the
required equilibrium temperatures for the annual
rotation and 6-week broiler breeding periods. Given
the HDD and CDD values, it was considered that
four different fuels (natural gas, coal, LPG and fuel
oil) would be used for heating, and electrical energy
would be used for cooling. The results showed that
the heating costs were higher than the cooling costs.
It was concluded that insulation would be a
significant factor in reducing energy costs for the
current facilities and new facilities planned to be
established in the region. Insulation is highly
important for reducing emissions, as well.

CONFLICTS OF INTEREST

They reported that there was no conflict of interest
between the authors and their respective institutions.

RESEARCH AND PUBLICATION ETHICS

In the studies carried out within the scope of this article,
the rules of research and publication ethics were followed.

REFERENCES

[1] Biyiikalaca, O., Bulut, H., Yilmaz, T., (2001)
Analysis of variable-base heating and cooling degree-days
for Turkey, Applied Energy 69/4, 269-283.

[2] Biiyiikalaca, O., Bulut, H., Yilmaz, T., (2000)
Tiirkiye’nin bazi illeri igin derece-giin degerleri, 12.
Ulusal Is1 Bilimi ve Teknigi Kongresi Bildiriler Kitab,
Cilt 1, sayfa 107-112, Sakarya.


https://dergipark.org.tr/en/pub/jster

(/!\A JOURNAL OF SCIENTIFIC, TECHNOLOGY AND ENGINEERING RESEARCH 67
&) ,’"‘ Bilim, Teknoloji ve Miihendislik Arastirmalari Dergisi, (2021) - 2(1): 58-67

M J ) ISSN : 2717-8404 https://dergipark.org.tr/en/pub/jster

[3] Antirk, E., Ergiin, A., Yal¢mn, S., (1986) The
Relationship Between Poultry and  Environmental
Temperature, Lalahan Zoot. Arast. Enst. Derg. 26 (1-4)
42-52.
[4] Ozdemir, E., Poyraz, O., (1997) Insulation of
Poultry Houses, Lalahan Hay. Arast. Enst. Derg. 37
(2) 91-108.
[5] Dombayeci, A., Bayrakg1 , HC., Ozgiir, A. E., (2009)
Estimation of Cooling Energy Consumption in Residents
for Different Base Temperatures By Degree Day Method,
Siileyman Demirel Universitesi, Fen Bilimleri
Enstitiisii Dergisi, 13-3,311-314.
[6] Baytorun, A.N., Ustin, S., Akyiiz, A., (2016)
Determination of Heat Energy Requirements for
Greenhouses in Regions with Different Heating-Degree-
Day (HDD) Values, Cukurova Universitesi Miihendislik
Mimarlik Fakiiltesi Dergisi, 31(2), 119-128.
[71 Pusat,S., Tung, N., Ekmekei I., Yetisken, Y., (2015)
Degree-Time Calculations For Karabiik, ISITES2015
Valencia —Spain
[8] Boyaci, S., (2018) Determination of Heating and
Cooling Degree Values in Poultry House Using Degree
Day Method: The Case of Kirsehir, Nevsehir Bilim ve
Teknoloji Dergisi  (2018), 7(1) 75-82.
[9] Boyaci, S., Filik, G., Filik A.G., (20138)
Determination of the heating and cooling degree day
values of laying quail henhouse by the degree day method,

Siileyman Demirel Universitesi Ziraat Fakiiltesi Dergisi,
ISSN 1304-9984.

[10] Harvey, L.D, (2020) Using modified multiple
heatinh-degree day (HDD) and cooling-degree day (CDD)
indices to estimate building heating and cooling loads,
Energy and Buildings, 229,110475.

[11] D’Amico, G., Ciulla, G., Ferrari, S., (2019), Building
energy demand assessment through heating degree days:
The importance of a climatic dataset, Applied Energy,
242, 1285-1306.

[12] Karaagag, M.O., Ogul, H., Bardak, S., (2020) Design
and cost analysis of solar energy system for poultry farm,
Diizce Universitesi Bilim ve Teknoloji Dergisi, 8, 711-
722.

[13] Kiigiiktopcu, E., Cemek, B., (2018) A study on
environmental impact of insulation thickness of poultry
building walls, Energy 150 583-590.

[14] De Rosa, M., Bianco, V., Scarpa F., Tagliafico LA.,
(2014) Heating and cooling building energy demand
evaluation; a simplified model and a modified degree days
approach. Appl energy, 128:217-29.

[15] Matzarakis, A., Balafoutis, C., (2004) Heating
degree-days over Greece as an index of
energyconsumption. Int J Climatol 24(14):1817-28.

[16] http://www.canakkalegaz.com.tr/turkish/2019.

[17] www.dosider.org, Fuel prices, 2020.


https://dergipark.org.tr/en/pub/jster
https://www.sciencedirect.com/science/article/abs/pii/S0378778820314134#!
https://www.sciencedirect.com/science/journal/03787788
http://www.canakkalegaz.com.tr/turkish/2019

)
y
>

&
[
o\

RESEARCH ARTICLE

JOURNAL OF SCIENTIFIC, TECHNOLOGY AND ENGINEERING RESEARCH
Bilim, Teknoloji ve Miihendislik Arastirmalari Dergisi, (2021) - 2(1): 68-76
ISSN : 2717-8404 https.//dergipark.org.tr/en/pub/jster

Production of Self-Cleaning Laminate Surfaces with Antimicrobial

Ahmet GENCER, *

Effect

Giil Merve GENCER, ? "“'Murat AKARSU, ®"“Ertugrul ARPAC

“ AGT Wood Industry and Trade Co., R&D Center, 07190, Turkey, ahmet88gencer@gmail.com orcid.0000-0002-4961-966 X
! BelenMed R&D Ltd., Antalya Technopolis, 07070, Turkey, gulmervekurtbelen@gmail.com orcid.0000-0001-7087-609X
2Akdeniz University, Faculty of Science, 07058 Antalya, Turkey, akarsu@akdeniz.edu.tr orcid.0000-0003-2053-2197
3Akdeniz University, Faculty of Science, 07058 Antalya, Turkey, earpac@akdeniz.edu.tr orcid.0000-0001-8645-6786

HIGHLIGHTS

GRAPHICAL ABSTRACT

= Laminate surface coating solution with self-
cleaning properties and antimicrobial effect

was obtained.

= Sn and Fe doped TiO, nanoparticle sols
with an average particle size of 15 nm were
synthesized in different solvent system using

the sol-gel method.

= The functional surface coating solution
obtained by the study has the qualities to be
used on different surfaces (metal, plastic,
glass, etc.) other than laminate, due to its high

Sn and Fe doped TiO- nanoparticle sols having a mean particle size of 152 nm
have been successfully synthesized via a sol-gel method and their absorption
behavior were determined. Effects of different types of acids and acid/precursor
mol ratio on particle size were investigated. Results indicate that photocatalytic
performance decreases as the particle size increases and there is an optimum %wt
value of doping. Synthesized sols were also applied as a coating on lignocellulosic
industrial materials such as high density (HDF) melamine faced laminate floorings
and their self cleaning properties and anti-microbial efficiencies were evaluated.
In Figure A self-cleaning properties of doped-TiO, nanoparticle coated surfaces
against different types of pollutants were observed as %80,1 more efficient against
Rodamin B dye, %89,9 against Methylene Blue dye.

strength, non-toxic effect and versatility.

= With this research, the production method
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Figure A. Solar-Box weathering test against dyes pollutant results of the samples

Aim of Article: Photocatalytic, anti-bacterial efficent and easy-to-clean coating material for laminate
flooring products consists of Sn and Fe doped TiO, synthesized via a sol-gel method.

Theory and Methodology: Two different synthesis methods; solvent-based and water-based, were
used to obtain nanoparticle sols with the same characteristics. TiO, nanoparticles were doped with a
combination of Sn and Fe elements in order to shift the absorption behavior of the non-doped TiO;
from the UV region to the Visible region of the light, so as to obtain much better photocatalytic activity.
Synthesized sols were also applied as a coating on lignocellulosic industrial materials such as high
density (HDF) melamine faced laminate floorings and their self cleaning properties and anti-microbial
efficiencies were evaluated.

Findings and Results: Self-cleaning properties of doped-TiO2 nanoparticle coated surfaces against
different types of pollutants were observed as %80,1 more efficient against Rodamin B dye, %89,9
against Methylene Blue dye, and %50 against oleic acid. It has been observed the coated laminate
flooring surfaces perform an antibacterial efficiency with a %97 reduction of bacterial load for E.coli
and a %87 reduction for the S.aureus.

Conclusion: This research focused on an easy and industrial applicable synthesis of doped-titanium
dioxide nanoparticles and utilizing of these sols in industrial applications as a coating material on
laminate flooring products in order to add functional properties.
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ONECIKANLAR/HIGHLIGHTS

»  Kendi kendini temizleyebilen ozellige sahip, antimikrobiyal etki gosteren laminat yiizey kaplama ¢ozeltisinin eldesi saglanmigtir.

= Ortalama 15 nm partikiil boyutuna sahip Sn ve Fe katkili TiO; nanopartikiil sollari, sol-jel yontemi kullamilarak farkl ¢ozgen
ortamlarinda sentezlenmistir.

»  Calisma ile elde edilen fonksiyonel yiizey kaplama ¢ézeltisi dayammnmin yiiksek olmasi, toksik etki gostermemesi ve ¢ok yonlii
olmast sebebiyle laminat disinda farkli yiizeylere de (metal, plastik, cam vb.) kullanilabilecek niteliklere sahiptir.

»  Buarastirma ile endiistriyel dlgekte sentezlenebilecek diizeyde katkili titanyum dioksit nanopartikiil tiretim yéntemi belirlenmistir.
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kendi kendini temizleyebilen ve antimikrobiyal etki gésteren fonksiyonel yiizey ¢ozeltileri elde
edilmistir. Bu amag dogrultusunda sentezlenen nanopartikiillerin aktivasyon enerjisi, katkilama
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I. GIRIS [INTRODUCTION]

Ahsap ve ahsap esasli malzemeler, i¢ mekan
dekorasyonuna sicak ve samimi bir atmosfer sagladiklar
icin uzun yillardir en ¢ok kullanilan déseme firiinleri
olmaktadir. Bu friinler arasinda laminat parkeler, 1977
yilinda piyasaya ilk girislerinden bu yana en ¢ok kullanilar
arasindadir. Laminatlar genellikle, yiizeyi asinmadan
korumak ig¢in bir melamin-formaldehit reginesi ile
muamele edilmis bir dekoratif ve bir kaplama tabakasi ile
saglanan bir temel fiber levhadan (HDF, yiiksek
yogunluklu ve MDF, orta yogunluklu) yapilmaktadir. Bu
tabakalar belirli bir siire 1s1 ve basing ile birbirine
kaynagtirilmaktadir [1].

Gelisen teknoloji nedeniyle mevcut malzemelerde
strekli olarak iyilestirme ve gelistirme ihtiyaci
olusmaktadir. Gegmiste, laminat parke {irlinlerinden
beklenen oOzellikler, genlesme katsayilarinin  disiik
olmasi, daha iyi dayamklilik géstermesi, aginma ve su
direncinin yiiksek olast vb. mekanik mukavemetlerini
iyilestirmek iken [2], giinimiizde bu Ozelliklere ilave
olarak anti-bakteri aktivitesinin yiiksek olmasi, kolay
temizlenebilir veya kendi kendini temizleme 6zelliginin
bulunmasi, yangina kars1 yiiksek direng gostermesi, foto-
kromik veya termo-krom yiizeye sahip olmasi, Ses bariyeri
ozelliginin bulunmasi vb. 6zellikler de aranmaktadir [3].
Bu fonksiyonel 0&zellikler arasinda kendi kendini
temizleme 6zelligine [4] ve antibakteriyel etkinlige sahip
olmasi [5] laminat parkelerin i¢ mekan kullanimi i¢in
oldukc¢a 6nemlidir.

Enfeksiyon ve hastaliga neden olan zararh
mikroorganizmalar (noroviriisler, bakteriler vb.) stirekli
olarak ortam havasinda dolasarak zeminde birikmektedir
[6]. Suzuki vd. [7] siwradan bir ahsap esasli laminat
parkenin yiizeyinde 3,3 - 488 CFU / 10 cm? bakteri (CFU:
koloni olusturan birim) bulundugunu ve bu kolonilerin
yaklagik %15'inin  ylizeyde yiiriime, fircalama ve
temizleme gibi mekanik etkiler ile havalanabildigini
belirtmektedir [8]. Bu sebeple zamanimizin ¢ogunu ev,
caligma ortami, kafe ve restorantlar gibi kapali ortamlarda
gecirdigimiz distinildiginde (Meadow vd. ve Lax vd.
insanlarim ¢ogunun zamanlarinin %85'inden fazlasm
kapali alanlarda gegirdigini saptamistir) zemin kaplamada
kullanilan mataryellerin niteliginin olduk¢a 6nemli
oldugu sdylenebilir [9,10].  Giiniimiizdeki pandemi
kosullar1  diigtiniildiigiinde  kendiliginden  aktivite
gosterebilen yiizeylerin i¢ mekanlarda kullanimi hayati
niteliktedir. Zeminde biriken mikroorganizmalar ve
kirlilikler temizlik iiriinleri ile de giderilmektedir. Fakat
yiizeyleri temizlemek icin kullanilan malzemeler ugucu
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organik bilesikler (VOC) olarak adlandirilan, ortamdaki
hava kalitesini diisiiren gazlar salmaktadir. Kapali
alanlarda  temizlik amaciyla siklikla  kullanilan
malzemelerden salinan ugucu organik bilesikler; gbz veya
burunda tahris, bogazda veya deride kuruluk, bas agris1 ve
yorgunluk gibi semptomlara neden olmaktadir [11]. Bu
problem “Bina Kaynakli Hasta Sendromu” olarak
adlandirilmistir ve esas olarak ortam havasindaki
VOC'lerle ilgilidir. EPA'nin aragtirmasinda [12] rapor
edildigi gibi VOC i¢ mekanda dis mekanda oldugundan
on kata kadar daha yiiksek konsantrasyonlarda siirekli
olarak  bulunmaktadir. Ayrica yiizeylerde biriken
kirleticileri uzaklagtirmak ve sterilizasyonu saglamak
amaciyla aralikli olarak mekanik temizlik yapilmasi hem
VOC salimmini  daha da arttirmakta hem de
sterilizasyonda stireklilik saglayamamaktadir.
Belirtilmesi gereken baska bir husus; zemin kaplama
malzemelerinin yiyecek ve igecek kaynakli organik
Kirleticiler ile kolaylikla lekelenmesi ve bu lekelerin
cikatilmasi igin yiizeylere yapilan mekanik temizlik
nedeniyle yiizeylerde renk atmasinin meydana gelmesidir.
Bu durumda laminat parke yiizeylerini belirtilen
bozulmalardan korumak igin farkl: tipte yiizey koruyucu
cilalama maddeleri kullanilmaktadir. Bu cilalama
maddeleri de genellikle kapali alanlardaki ortam
havasinda VOC kirliligine katkida bulunan ve bu nedenle
saglik sorunlarina sebep olan ¢oziiciiler igermektedir [13].
Bu gibi etkiler diisiiniildiigiinde; ¢alisma ile elde edilen
zemin yiizey kaplama {riiniiniin  kendiliginden
antimikrobiyal aktiviteye gostermesi ve kendi kendini
temizleme oOzelliginin bulunmasi ile VOC salimimina
sebep olan malzemelerin kullaniminin da azaltacaktir.

Bahsedilen bu sorunlari ¢6zmenin en kolay ve belki de
en saglikli yolu; yiizeyde veya ortam havasinda organik
kirleticilerin bozulmasini saglamak ve antimikrobiyal etki
elde etmek icin, fotokatalizor olarak yari iletken oksit
partikiillerini kullanmaktir. Bu tiir fotokatalitik oksit
parcaciklar1 da belirli bir dereceye kadar antibakteriyel
aktivite gostermektedir. Bu tiir yart iletken oksit
partikiillerine 6rnek olarak; ZnO, SrTiOsz, CeO,, WO; ve
Fe,Os verilebilir. Bu materyaller arasinda TiOz'nin en
popiileridir ve etkili oldugu kanitlanmistir. TiO2 malzeme
ylizeyinde bununan VOC'leri ve mikroorganizmalari,
organik lekeleri tamamen pargalanmasinda biiyik
performans  gostermektedir. TiO, aymi zamanda
fotostabildir, uzun vadeli etkiye sahiptir, toksik degildir,
kolayca bulunur ve maliyeti distiktiir [14].

TiO2nin yiiksek fotokatalitik aktivitesine ragmen,
performansin1 artirmak i¢in bir¢ok strateji vardir. Bu
stratejilerden biri TiO2'nin Sn, Fe, Ni, Ce, N, Mg, Mn vb.
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farkli elementlerle katkilanmasidir [15, 16]. TiO;
nanopartikiillerinin ~ su/nem ile temas ettiginde

fotokatalitik reaksiyonlar su sekilde tanimlanabilir [17]:
TiO2 + hv -2 TiO:+ecs+h'vs (1)

(Oag + ec8 2 O +H -2 HO*+e +H 2 HO; (2)

Ti* + 0. > Ti*+ OH* + O (3)
H.0: + 0> > OH* +OI +0, )
L0, +hv > 200 (3)
02 + HYq +h've > OH.* (6)

Hv: UV 1s1masi
h™vg: valans-bant delikleri
¢ ce: iletim-bant elektronlari

TiO; nanopartikiilleri UV 15181 altinda partikiiller su ile
temas ettiginde reaktif oksijen tiirlerinin (ROS) olusumu
nedeniyle antibakteriyel aktivite gostermektedir [18].
Antibakteriyel aktivitenin etki mekanizmasini
aydinlatmak icin ¢ok sayida c¢alisma yapilmis ve ROS'un
bakteri hiicre duvarina saldirdigi, boylece membran
gecirgenliginde degisikliklere yol agarak hiicrenin
oliimiine neden oldugunu saptanmustir [19, 20].

Genel olarak bakildiginda TiO; igerikli laminat parke
kaplamasi; ortam hava kalitesini bozmadan, antibakteriyel
aktivite ve kendi kendini temizleme &zelligi gosteren ve
yukarida belirtilen sorunlar1 dnlemede kullanilabilecek
milkemmel bir malzemedir. Bu nedenlerle bu ¢alisma, sol-
jel yontemi ile sentezlenen Sn ve Fe katkili TiO,'den
olusan, fotokatalitik, antibakteriyel etkili ve kolay
temizlenebilir bir kaplama malzemesinin eldesi ve bu
malzemenin kendi kendini temizleme 6zelligi, ortam i¢
havasini temizleme ve bir dereceye kadar antibakteriyel
etki eldesi i¢in lignoseliillozik MDF ve HDF laminat parke
malzemeleri iizerine uygulanmasin1 amaglamaktadir.

Il. MATERYAL VE METOD [MATERIALS AND
METHODS]

A. Malzemeler ve nanopartikiillerin sentezi

Titanyum (IV) izopropoksit (%97 saf), etanol
(absolute), hidroklorik asit (%37), nitrik asit (%65) ve
metilen mavisi (susuz) Merck Millipore'dan satin alindi.
Kalay (IV) kloriir pentahidrat (%98), demir (I11) nitrat
nonahidrat (>%98) ve Rodamin B (>%97) Sigma-
Aldrich'ten satin alindi.

Tim deneyler, 9.4 MQ/cm (6 ppm, TDS) direngli bir
BMB RO-30 ters ozmoz aritma sisteminden (BMB
Technology, TR) gegirilen saf su ile gerceklestirilmistir.
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TiO, nanopargaciklarinin sol-jel sentezi, solvent bazli
ve su bazl sistemler olmak {izere iki farkli asamada
gergeklestirilmistir. Solvent bazli sistemler igin, Onciil
Ti(OPrs) absolute etanol iginde ¢oziildi, ardindan
SnCls.5H,0 ve Fe(NOs)3.9H,0 olarak katki maddeleri
ilave edildi ve 15 dakika karistirildi, ardindan sirasiyla
hidroklorik asit ve damitilmis su eklendi. Reaksiyon, 90
°C'de 16 saat siireyle gergeklestirildi. Su bazli sistemler
icin Once distile su ve nitrik asit karistirilmis, ardindan
SnCls.5H,0 ve Fe(NOs)3.9H,0 olarak katki maddeleri ve
sabit karigtirma Onciisii altinda Ti(OPrs) damla damla
eklenmistir. Reaksiyon 80 °C'de 16 saat siirdirildi.
Katkilanmanm TiO; nanopartikiiller {izerindeki etkisini
karsilastirmak i¢in su bazli ve solvent bazli sistemler icin
katk1 maddesi eklenmeden ayni adimlar izlenerek referans
¢ozeltiler hazirlanmistir. Sistemlerin kimyasal bilesimleri
ve kat1 oranlar1 Tablo I'de gdsterilmistir.

Tablo I.
Solvent bazli ve su bazli TiO2 nanopargacik sentez sistemlerinin
kimyasal bilesimleri ve kat1 oranlar

Solvent-bazh TiO2 nanopartikiil seltez sistemi

Ornek ismi

Kullamlan Kimyasallar

1 1Sn 1Fe
Ti(OPrs) (mol) 0,035 0,035 0,035
Ethanol (mol) 0,069 0,069 0,069
HCI (mol) 0,016 0,016 0,016
H20 (mol) 0,086 0,072 0,075
SnCls.5H20 (mol) - 0,002 -
Fe(NO3)3.9H20 (mol) - - 0,002
agirlik% TiOz 18,27 18,32 18,32
mol H20 /mol Ti 2,5 2,1 2,2
mol asit / mol Ti 0,45 0,45 0,45

Su-bazh TiO2 nanopartikiil seltez sistemi

. Ornek Ismi

Kullanilan Kimyasallar > 25n >Fe
Ti(OPrs) (mol) 0,035 0,035 0,035
PM (mol) 0,136 0,136 0,136
HNOs (mol) 0,032 0,032 0,032
H20 (mol) 2,632 2,632 2,632
SnCl4.5H20 (mol) - 0,002 -

Fe(NO3)3.9H20 (mol) - - 0,002
agirlik% TiOz 4,01 4,01 4,01
mol H20 /mol Ti 72,3 72,3 72,3
mol asit / mol Ti 0,91 0,91 0,91
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B. Karakterizasyon

Sentezlenen TiO; sollarinin partikiil boyutu analizleri,
sicaklik ve zamanin partikiil biiyiimesi tizerindeki etkisini
belirlemek igin partikiil ve molekiil boyutu analizorii
(Malvern Zetasizer Nano  ZS) kullanilarak
gergeklestirilmigtir.

Ultraviyole-Goriiniir Spektrofotometre (Varian Carry
5000) katkili ve katkisiz TiO2 sollarinin absorpsiyon
spektrumlarindaki kaymalari arastirmak icin kullanildi.

Tiim numunelerin kendi kendini temizleme 6zelligini
incelemek amaciyla boyalara (Rodamin B ve Metilen
Mavisi, ISO 10678:2010 standardi) kars1 fotokatalitik
aktivite testleri bir 151k maruziyeti/giines 15181 simiilatorii
test cihazi kullanilarak (Erichsen Solar- Ayarlanabilir
(300 -800 nm, 1000 W/m2) xenon 1s1k kaynagi igeren Box
1500) yapild.

E.coli ve S.aureus'a kars1 antibakteriyel etkinlik testleri,
modifiye edilmis ASTM-e2149-01 standardina karsi
gerceklestirildi.

C. Kaplama ¢oziimlerinin hazirlanmasi ve ¢ozeltilerin
laminat parke iizerine uygulanmast

Kaplama ¢ozeltileri hazirlamak igin sentezlenen sollar
oncelikle seyreltildi. Bu amagla solvent bazli TiO;
soliisyonundan ¢okelen partikiiller ayrilarak; 1-metoksi-2-
propanol (PM), butil glikol (BG) ve etilen glikol (EG)
agirlik orani sirayla 4: 2: 1 ve kati orant %0,75 olacak
sekilde seyreltildi. Su bazli sistemlerde ise agirlikca
%0,75 kat1 oranini eldesini saglayacak kadar su ilavesi ile
seyreltme islemi yapildi. Hazirlanan c¢ozeltiler melamin-
formaldehit emdirilmis kagida graviir yoOntemiyle
uygulandi. Daha sonra yiizeyinde fotokatalitik TiO>
nanopar¢aciklart bulunan bu emprenye edilmis kagit,
taban HDF sunta lizerine 200 bar basing ve 180 °C
sicaklikta 15 saniye preslendi.

I1l. BULGULAR [RESULTS]

A. Partikiil boyutu analizi

Sentezlenen TiO; sollarinin partikiil boyutu analizleri,
toplam reaksiyon siiresi boyunca partikiil biiyiimesini
izlemek i¢in bir partikiill ve molekiil boyutu analizorii
(Malvern Zetasizer ~ Nano ZS) kullanilarak
gergeklestirilmistir.  Sekil 1'de 16 saatlik reaksiyon
siiresinden sonra ortalama pargacik boyutu 15 nm olan
TiOz nanopartikiillerin zetasizer 6lgtimleri yer almaktadir.
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Sekil. 1. Reaksiyon siiresi boyunca partikiil boyutu biiylimesi;
(a) 92 °C reflux 8 saat, (b) 92 °C reflux 16 saat

B. Sentezlenen TiO: nanopar¢aciklarimin  UV-Vis
spektroskopik analizi
Nanopartikiillerin absorpsiyon davranigini

degerlendirmek i¢in sentezlenen sollarin UV spektrumlari
analiz edildi. Sekil 2'de toplam absorpsiyon egrisinin,
artan % Sn/Fe katkilama miktar1 ile dalga boyunun
goriiniir 191k kismina dogru kaymasi ve etkin absorpsiyon
oraninin artmasi goriilmektedir. Katkili TiO; pargaciklari
sadece UV 15181 ile degil, ayn1 zamanda giines 15181,
floresan 1s1k gibi goriiniir 151k kaynaklar1 ile de aktive
olmaktadir.
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Sekil. 2. Sentezlenmis TiO; sollarinin UV-VIS spektrumlari
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C. Nanoparcactk  kapl  laminatlarim  fotokatalitik

aktivitesi

Nanopargacik kapl yiizeylerin fotokatalitik aktiviteleri ve
kendi kendini temizleme oOzellikleri, Rodamin B ve
Metilen Mavisi boya ¢ozeltilerine kars1 degerlendirildi.

i.  Rodamin B boyasina karsi

TiO, kaplamali ve kaplamasiz laminat parke
numunesinin boyutlar1 10 x 10 cm olacak sekilde
ayarlandiktan sonra 6 x 6 cm bosluklu bir aparata
yerlestirildi. 25 ml 2 ppm Rodamin B boya soliisyonu
distile su ile hazirlandi, aparat igerisine eklendi ve
ultraviyole ve goriiniir 151k gecirgen cam lam ile kapatildi.
Ornekler, bir giines simiilatoriinde (Erichsen Solar-Box
1500) 24 saat siireyle 1sinlandi. Orneklerin  gorsel
degisiklikleri Sekil 3'te verilmistir. Rodamin B boya

¢ozeltisinin konsantrasyonu Ultraviyole-Goriintir
Spektrofotometre (Varian Carry 5000) cihaz ile
belirlendi.

(b)
Sekil. 3. Rodamin B boya ¢6zeltileri; 1sinlamadan 6nce ((a)-sol)
TiO; kapli laminat numunesi, ((a)-sag) kaplanmamis referans
laminat numunesi ve 24 saat 1sinlamadan sonra ((b)-sol) TiO;
kapli laminat numunesi, ((b)-sag) kaplamasiz referans laminat
numunesi
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1,0 1
0,84
——Rodamin B, 0 saat
Kaplamasiz Omek, 2 saat
——%]1 Fe/Sn-TiO, kaph ornek, 2s
—— %3 Fe/Sn-TiO, kapli dmek, 2s
06 =

%S5 Fe/Sn-TiO, kapl 6mek, 2s

Absorbsiyon

450 500 550 600 650
Dalgaboyu (nm)
Sekil 4. Rodamin B yapisinin nanopartikiillere kargt bozunma
hizinin belirlenmesi i¢in kullanilan absorbans grafigi

Tablo 1.
Numunelerin Rodamin B boyasina kargt Solar-Box bozunma
testi sonuglari

Rodamin B % Boya
Ornek ismi max. konsantrasyonunda
absorbsiyon azalma
2 ppm Rodamin B
PP 0,685 -
stok ¢ozeltisi
Kaplanmamis Ornek 0,477 -referans-
%1 Fe/Sn-TiO2
. 0,148 %68,9
Kaplanmis Ornek
%3 Fe/Sn-TiO2
. 0,118 %75,3
Kaplanmis Ornek
%5 Fe/Sn-TiOz2
. 0,095 %80,1
Kaplanmis Ornek
Rodamin B boya ¢0zeltisinin  absorpsiyonun
Olciimlerinde gozle goriinir degisiklikler

gozlemlenmistir. Rodamin B boyasi: UV isinlarina maruz
kaldiginda kademeli olarak bozunur ve bu durum S$ekil
4’te kaplanmamis bos referans numunesinin absorpsiyon
degisikliklerinde de goriilmektedir. Bu durum bos
referans numunede fotokatalitik etki gosteren Fe/Sn
katkili-TiO, nanopartikiilleri ile kaplamasi olmasada,
Rodamin B boya ¢6zeltisinin Solar-Box yaslandirma testi
islemi kendi kendine bozunmasindan kaynaklanir. Fakat
kaplanmis numunelerin absorbans degerlerinde ¢cok daha
yiiksek diislis gozlemlenmektedir. Referans numune ile
karsilastirilan 6rneklerin performans sonuglari Tablo II'de
verilmistir.
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Fe/Sn katkili TiO2 nanopargaciklarindan olusan kaplamali
laminat parke numuneleri, standart numunelere gore
Rodamin B kirleticisine kars1 %80,1'e kadar daha hizli
ylizey temizleme etkisine sahip oldugu bulunmustur.

ii.  Metilen Mavisi boyasina karsi

TiO, kaplamali ve kaplamasiz laminat parke
numunesinin boyutlar1 10 x 10 cm olacak sekilde
ayarlandiktan sonra 6 x 6 cm bosgluklu bir aparata
yerlestirildi. 25 ml 5 ppm Metilen Mavisi boya soliisyonu
distile su ile hazirlandi, aparat icerisine eklendi ve
ultraviyole ve goriiniir 1g1k gegiren cam lam ile kapatildi.
Ornekler, bir giines simiilatoriinde (Erichsen Solar-Box
1500) 24 saat siireyle 1sinlandi. Orneklerin  gorsel
degisiklikleri Sekil 5'te verilmistir.

(b)

Sekil. 5. Metilen mavisi boya ¢ozeltileri; 1isinlamadan 6nce ((a)-
sol) TiO, kapli laminat numunesi, ((a)-sag) kaplanmamis
referans laminat numunesi ve 24 saat 1sinlamadan sonra ((b)-
sol) TiO; kapli laminat numunesi, ((b)-sag) kaplamasiz referans
laminat numunesi

1,2 1
1,04
0,84

c

o

2=

a

5 0,6 _ Metilen mavisi, 0 saat

B — Kaplanmamig Ornek, 2s

< %] Fe/Sn-TiO2 kaph ornek, 2s|
0,4 %3 Fe/Sn-Ti02 kaph mek, 2§

25 Fe/Sn-TiO2kapl 6rnek, 28

. ’A
0,0 5

T T T T T T T T T T T T T 1
400 450 500 550 600 650 700 750
Dalgaboyu (nm)

Sekil 6. Metilen mavisi boyasi yapisinin nanopartikiillere karsi
bozunma hizimin belirlenmesi igin kullanilan absorbans grafigi

Metilen Mavisi boyasi UV 1sinlarina maruz kaldiginda
Rodamin B boyasindan daha hizli bozunmaktadir.
Fotokatalitik TiO. kapli numuneler bozunma hizini
hizlandirmis ve boylece kaplanmig numunelerin
absorbansinda &nemli bir diisiis gdzlemlenmistir.
Referans numune ile karsilagtirmali performans sonuglari
Tablo IIl'te  verilmistir.  Fe/Sn  katkilh  TiO;
nanoparcaciklarindan olusan kaplamali laminat parke
numuneleri, standart numunelere gére Metilen Mavisi
kirleticisine karsi %89,9'a kadar daha hizli yiizey
temizleme etkisine sahiptir.

Tablo I1I.
Numunelerin Metilen Mavisi boyasina karst Solar-Box
bozunma testi sonuglari
Metilen % Boya
Ornek ismi mavisi max.  konsantrasyonunda
absorbsiyon azalma
5 ppm Metilen Mavisi
1,137 -
stok ¢ozeltisi
Kaplanmamis Ornek 0,227 -referans-
%1 Fe/Sn-TiO2
. 0,108 %52,4
Kaplanmis Ornek
%3 Fe/Sn-TiOz
. 0,036 %84,1
Kaplanmis Ornek
%5 Fe/Sn-TiOz
0,023 %89,9

Kaplanmis Ornek
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D. Nanopartikiil kapli laminat parkelerin antibakteriyel
etkinligi

Katkili TiO. nanopartikiil sollar1 ile kaplanmig laminat
parke yiizeylerinin antibakteriyel etkinlikleri modifiye
edilmis ASTM-e2149-01 standardi kullanilarak gram
pozitif Staphylococcus aureus (ATCC 25923) ve gram
negatif Escherichia coli (ATCC 11775) bakteri tiirlerine
kars1 degerlendirildi. Test i¢in bakteri tiirlerinin Laktoz
Broth (LB) besiyerinde bakteri popiilasyonu biiylime
egrisi olusturulmus ve boylece biiylime hizlart ve CFU/ml
(mililitrede  ortalama  koloni  sayis1)  degerleri
belirlenmistir. Bakteri popiilasyonunda maksimum artis
elde etmek i¢in optimum inkiibasyon siiresi bu biiyiime
egrileri kullanilarak degerlendirilmis ve E.coli igin 5.30
saat ve S.aureus i¢in 6.00 saat olarak belirlenmistir. Bu
stireye karsilik gelen uygun bakteri konsantrasyonlari, 10°
>e seyreltilerek, kat1 besiyerindeki kiiltiir ortamma bu
seyreltilmis ¢6zeltiden 100 ul alinarak ekim islemi
yapilmistir.

Tablo IV.
Kaplanmis ve kaplanmamis laminatlarin E.coli ve S.aureus
bakterilerine kars1 antibakteriyel etkinlik sonuglar

E.coli bakterisine karsi yapilan analiz sonuclar:
E. coli (koloni say1s1)*

Ornek Isinlandirma  Ismnlandirma  Isinlandirma
Siiresi 0 saat  Siiresi 1 saat _ Siiresi 3 saat
TiOz Kaph 239 115 8
Kaplamasiz 252 253 249
Kontrol** 255
S. aureus bakterisine karsi yapilan analiz
sonuclar
S. aureus (koloni sayis1)*
Ornek Isinlandirma  Isinlandirma  Isinlandirma
Siiresi 0 saat  Siiresi 1 saat _ Siiresi 3 saat
TiO, Kapli 204 177 27
Kaplamasiz 211 209 210
Kontrol** 212

* Bakteri kiiltiirii ekili petri kaplarma yerlestirilen numuneler 1 saat
bekletildikten sonra 37°C'de 24 saat inkiibasyona birakildi ve olusan
koloniler sayildi.

**(rnek bulundurmayan bakteri kiiltiirii ekili petri kab1 37°C'de 24
saat inkiibasyona birakildi sonrasinda olusan koloniler sayildi.

Belirlenen inkiibasyon siiresine gére TiO2 kapl ve
kaplamasiz referans numuneler es zamanli olarak
hazirland1. Ornekler otoklavda sterilize edildikten sonra
iki gruba ayrildi. Bir grup herhangi bir 151k kaynagina
maruz birakilmadan dogrudan kapali bir kaba konuldu ve
diger grup 0, 1 ve 3 saat giines 15181na maruz birakildi.
Daha sonra numuneler 100 pl bakteri kiiltiirii ile ekilen
petri kabma 1 saat siireyle konuldu. Bekleme siiresi
dolduktan sonra numuneler c¢ikarildi ve kontrol kor
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numuneleri ile birlikte 37 °C'de 24 saat inkiibe edildi.
Periyot sonunda olusan koloniler sayilarak orneklerin
aktiviteleri belirlendi. Analizler ti¢ tekrarli olarak yapilmis
ve sonuglarin aritmetik ortalamasi alinmistir. Sonuglar
Tablo 5'te verildi. Analiz sonucunda petri kaplarinda
olusan koloniler sayilarak &rneklerin  aktiviteleri
belirlendi. Analizler {i¢ tekrarli olarak yapilmis ve
sonuglarin aritmetik ortalamasi alinmistir. Sonuglar Tablo
IV'te verilmistir.

IV. SONUC VE DEGERLENDiRME [CONCLUSION]

Bu arastirma ile  katkilh  titanyum  dioksit
nanopartikiillerinin endiistriyel 6lgekte kullanilabilen bir
sentez yontemi eldesini saglamigtir. Caligmada kendi
kendini temizleme oOzelligine sahip antibakteriyel etki
gosteren laminat parke Uriinlerinin iiretimi amaglanmuistir.
Bu amagla, ayni 6zelliklere sahip nanopartikiil sollar1 elde
etmek icin solvent bazli ve su bazli olmak tizere iki farkl
sentez yontemi kullanilmistir. TiO2 nanopartikiilleri,
katkisiz TiO'nin absorpsiyon davranigini UV bolgesinden
151810 goriiniir bolgesine kaydirmak ve boylece ¢ok daha
iyi fotokatalitik aktivite elde etmek i¢in Sn ve Fe
elementlerinin bir kombinasyonu ile katkilanmigtir. Sonug
olarak, ~ 350 nm'de meydana gelen nanopartikiiller
tarafindan 1s1k radyasyonunun tam absorpsiyonu ~ 430
nm'ye, ~ 390 nm'de meydana gelen% 50 absorpsiyon ~
480 nm'ye kaymustir. Katkili TiO2 nanopartikiil kaplt
ylizeylerin farkli kirletici tiirlerine karsi kendi kendini
temizleme Ozellikleri Rodamin B boyasina karsi1% 80,1,
Metilen Mavisi boyaya kars1% 89,9 oldugu saptanmustir.
Kaplanmig laminat parke yiizeylerinin, E.coli bakteriyel
yikiinde% 97, S. aureus ig¢in % 87 azalma ile
antibakteriyel etkinlik sagladigi goriilmiistiir.
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El-Cezeri

Cizre'de diinyaya gelen Cezeri, ismini ise yasadigi sehir olan Cizre'den almistir.

Asil adi Ismail Ebul iz Bin Rezzaz olarak bilinen mucit isim, El-Cezeri lakabiyla anilmaya baglanmustir.

Cezeri, 1136 yilinda Cizre’nin Tor mahallesinde dogmustur. Sibernetik alanin kurucusu kabul edilen, fizik¢i, robot ve
matrix ustasi bilim insani “ismail Ebul iz Bin Rezzaz El-Cezeri” 1206’te Cizre’de 6ldii. Lakabini yasadigi sehirden alan El
Cezeri, 6grenimini Camia Medresesi’nde tamamlayarak, fizik ve mekanik alanlarinda yogunlasti ve pek ¢ok ilke ve
bulusa imza atti. Bati literatiiriinde M.O. 300 yillarinda Yunan matematikgi Archytas tarafindan buharla calisan bir

glivercin yapilmis oldugu belirtilse de, robotikle ilgili bilinen en eski yazili kayit, Cezeri’ye aittir.

Diinya bilim tarihi agisindan bugtinki sibernetik ve robot biliminde ¢alismalar yapan ilk bilim insani olan Cezeri’nin

yaptig otomatik makineler giinlimiz mekanik ve sibernetik bilimlerinin temel taslarini olusturmaktadir.

12. ylzyihn sonlar ve 13. ylizyilin baslarinda Diyarbakir ve Cizre’de yasayan bilgin el-Cezeri, biiyiik miktarlarda suyu
yukar tagimak amaciyla bes diizenek tasarlamisti. Bu diizeneklerden (icii hayvan giicliyle calisirken ikisi kendi kendine
isler, yani otomatiktir. El-Cezeri bu ¢alismalari sirasinda krank milini ilk kez kullanmisti. D6nme hareketini dogrusal
harekete donustiiren krank mili, tarihteki en 6nemli kesiflerden biri olarak kabul ediliyor. El-Cezeri’nin su glictiyle ¢alisan
pompa diizeneginde disli carklar, bakir pistonlar, emme ve iletme amach borular ve tek yonlu sirgili vanalar

kullanihyordu. Bu diizenek suyu emerek yaklasik on iki metre yukari tasiyabiliyordu.

Cezerf, kitabinda 50 aracin tasarimini vermistir. Bu sebeple bu topraklarin medar- iftiharlarindan biri olmayr hak
etmistir. Bu araglarin 6'si su saati, 4'0 mumlu saat, 1'i kayik su saati, 6'si ibrik, 7'si eglence amagl kullanilan gesitli
otomatlar, 3'l abdest almak icin kullanilan otomat, 4'l kan alma teknesi, 6's1 fiskiye, 4'l kendinden ses ¢ikaran arag, 5'i

suyu yukari ¢ikartan arag, 2'si kilit, 1'i ag1 Slcerdir.

Kaynak: https://www.hurriyet.com.tr/gundem/cezeri-kimdir-el-cezeri-ne-demek-41332282
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