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HIGHLIGHTS GRAPHICAL ABSTRACT

= Effect and importance of In this study, the effect of patch sizes and number of patch layers on tensile stress behavior in
patch properties in the the repair of elliptical damaged laminated composite sheets was investigated experimentally.
repair of composite plates For this purpose, glass fiber reinforced laminated composite sheets with elliptical holes were

= Damaged materials should
be repaired with larger
patches with the same or

prepared. These plates were subjected to tensile loads and their failure loads were determined
experimentally. Then, using DP460 adhesive material, glass fiber reinforced composite sheets

more layer number with elliptical damage were repaired using single-sided lap joints with glass fiber reinforced
= Damage  repair  with composite patches of varying sizes and layer numbers, and the repaired samples were subjected
adhesive joints brought the to tensile loads and their failure loads were determined and its effects on stress behavior were
strength of the damaged also investigated experimentally.
area back to state before
the damage
= Damage repair  with 25000
adhesive joints is quite )
successful o
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Figure A. Failure load changes for patches of 40x40 mm, 40x50 mm, 40x60 mm with
4 layers.
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HIGHLIGHTS

= Effect and importance of patch properties in the repair of composite plates
= Damaged materials should be repaired with larger patches with the same or more layer number
= Damage repair with adhesive joints brought the strength of the damaged area back to state before the damage

= Damage repair with adhesive joints is quite successful
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In this study, the effect of patch sizes and number of patch layers on tensile stress behavior in
the repair of elliptical damaged laminated composite sheets was investigated experimentally.

For this purpose, glass fiber reinforced laminated composite sheets with elliptical holes were
prepared. These plates were subjected to tensile loads and their failure loads were determined
DOl: experimentally. Then, using DP460 adhesive material, glass fiber reinforced composite sheets

10.53525/jster.1200014

with elliptical damage were repaired using single-sided lap joints with glass fiber reinforced

composite patches of varying sizes and layer numbers, and the repaired samples were
subjected to tensile loads and their failure loads were determined and its effects on stress
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I. INTRODUCTION

Composite materials and especially fiber-reinforced
composite materials are used primarily in aircraft
structures, automotive, etc., due to their high
strength/weight ratio. It is increasingly used in all fields
and sectors. In structures where composites are used,
various damages can be seen due to many reasons such
as various impacts, fatigue life, mechanical and dynamic
vibrations and temperature changes. Replacing a
damaged structure is extremely costly and sometimes
impossible. Especially in the aviation industry, there are
structures with very high costs. As mentioned above,
these structures are repaired in order to eliminate the

behavior were also investigated experimentally.

Keywords: Glass Fiber Reinforced Composite, Single-Sided Lap Joints, Tensile Stress

discontinuities that may occur due to various reasons.
Mechanical and adhesive repair techniques are generally
used for the repair of these damages. Adhesive joints are
increasingly preferred due to their uniform stress
distribution, lightness, high fatigue strength and
development of increasingly stronger adhesives.

In recent years, many studies have been carried out on
this subject. For example, Ergiin [1] studied the tensile
properties of repairing elliptically damaged aluminum
plates with composite patch experimentally and
numerically. Giilakman [2] worked on the production of
glass fiber / epoxy material, determination of its
mechanical properties and calculation of interface
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fracture toughness. Three point bending test, double
fixed beam test technique, single notch edge tensile test
and compact tensile test were performed with
experimental analysis. Li et al. [3] used the composite
patching technique to repair helicopter tail shafts
damaged in wars. As a result, they found that the
composite patches completely repaired these structures.
In addition, experimental and numerical methods
showed closeness to each other. Rachid et al. [4]
investigated the effect of patch shape on efficiency and
durability in aircraft structures repaired with bonded
composite and developed a three-dimensional finite
element method. According to Ramiji et al. [5], they
developed a three-dimensional finite element method to
find the optimum composite patch shape. They
determined the patch shapes as circle, square, ellipse,
rectangle, rectangular octagon and elongated octagon.
As a result, the best performance was observed in
materials with elongated octagonal patches. Ozgiir [6]
studied the bonding parameters of the rubber material
pair by using the post-gluing method. According to Soy
[7] they studied the adhesive repair of Al 2024-T3 alloy
plate with composite patch with the help of computer
aided modeling. Tensile and bending stress behaviors
were investigated by experimental and numerical
analysis. Tek [8] studied stress analysis in single and
double lap adhesive joints. Comparisons were made in
damage loads with experimental and numerical
analyzes. Giiltekin et al. [9] studied experimental and
numerical determination of the tensile properties of
different single-lap joint types with adhesives in
different thicknesses. They found that the change in the
adhesive thickness and the adhered material thickness
affect the experimental damage loads. Demir et al. [10]
worked on the effect of support patches in single-lap
joints with adhesives on damage loads. They found that
support patches increased the failure loads effectively.
Adin et al. [11] studied on the effect of patching
aluminum with composite patches on the fatigue stresses
numerically. They found that patching with composites
increased fatigue life significantly. Adin et al. [12]
worked on the effect of patching aluminum pipes on the
fatigue stresses numerically. They saw that patch
dimensions are important in fatigue stresses and higher
fatigue stresses were obtained in quarter-circle patches.
Adin et al. [13] examined the double-reinforced
adhesive joints strength and they stated the reasons of
widespread uses of aluminum alloys and glass fiber
reinforced composite materials. Akpinar [14], worked
on tensile failure loads of different lap joint types. After

experiments, he observed a significant increase in failure
loads in the three-step lap joints. Durmus et al. [15]
analyzed three step-lap joints adhesively bonded with
different step lengths. As the first step length increases
They have seen increased damage loads. Temiz et al.
[16], studied the increase in strength of single lap joint
by residual stresses caused by bonded curvature. They
noted that the reason of the pressure perpendicular to the
overlap area was the trend of the elastic material to go
back to its starting shape after curing.

Il. MATERIALS AND METHODS

In this study, glass fiber reinforced composite material
was used as patch and bonded material to form a single-
sided lap joint. These composite materials were obtained
from IZOREEL company in izmir. The cutting process
was made according to the size of the glued and patch
material to be used. Materials bonded with 4-layer glass
epoxy were cut in 140x60x1 mm dimensions, with
elliptical holes. The mechanical properties of the glass
fiber reinforced composite material are given in Table 1.

Table 1.
The mechanical properties of the glass fiber reinforced
composite material

Cam Elyaf Takviyeli Kompozit Malzeme
Ex 44 (GPa)

Ey 20 (GPa)

E. 20 (GPa)

Gyy 4 (GPa)

Gx 4 (GPa)

Gy: 3 (GPa)

Vxy 0,32

Vxz 0,32

Vyz 0,41

E : Modulus of Elasticity
G : Shear Module
v: Poisson Ratio

The patches are made of glass epoxy composite sheets
with 2, 4 and 6 layers (0.5 mm, 1 mm, 1.5 mm thickness),
cut in sizes 40x40 mm, 40x50 mm, 40x60 mm, 50x40
mm and 60x40 mm In this study, DP-460 was used as
the adhesive material having epoxy and accelerator
components by high strength volume ratio of 2/1.
Special spiral tips are used to provide this ratio. The
mechanical properties of the adhesive material are given
in Table 2, and the shape and dimensions of the damaged
samples and patches are given in Figure 1, Figure 2,
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Figure 3 and Table 3. EXPERIMENT SAMPLE DIMENSIONS
DAMAGED PLATES PATCHES
Patched |ap jOintS obtained USing DP460 adhesive (4 Layers, 0-90 Fiber Angle, Glass-Epoxy | (0-90 Fiber Angle, Glass-
material are shown schematically in Figure 3. 0.15 mm, Composite) Epoxy Composite)
which is the ideal adhesive thickness for DP 460 Elliptical Damage patch patch
adhesive, was chosen for bonding composites and this Size Material Size | thickness
. . - . Sheet Adhesive
thickness was fixed with measurements during size | Thickness ) ) X | v Z
appl Ications. (mm) (mm) Large Small (mm) | (mm) (mm)
Ellipse Ellipse
Diameter | Diameter
Table 2. (mm) (mm)
Mechanical properties of adhesive material (DP-460) o
Modulus of Elasticity 2077.1 MPa Yo )
Poisson Ratio 0.38 0-5mm
- 40 60 @
Tensile Strength 44.616 MPa =T 5] e
60 40
140
40 40
] 40 50 1mm
60x140x1 0.15 24 11 40 60 (@
o 60 = m layers)
o 60 40
40 40
Figure 1. Glass fiber reinforced composite bonded v B
material with elliptical holes. 1.5mm
40 60 6
Y 50 m layers)
60 40

Figure 2. Glass fiber reinforced composite patch.

GLASS FIBER EPOXY b as0

GLASS FIBER EPOXY

2mmI|

Adhesive Material Thickness = 0,15 mm

Figure 3. Schematic representation of the prepared test
samples.

Table 3.
Sample parameters and values

Photographs of some of the test specimens prepared
using DP460 adhesive material are shown in Figure 4.

Figure 4. Photographs of some of the prepafed test
samples.

I1l. DETERMINATION OF EXPERIMENTAL
FAILURE LOADS
All experiments were carried out with ZWICK Z100
tensile testing machine, under computer control, at room
temperature of 50% humidity, at a constant drawing
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speed of 1 mm/min which is the ideal drawing speed for
anisotropic and composite materials. Tensile tests were
carried out on undamaged unpatched samples first, then
on unpatched samples with elliptical damage, and then
on samples patched with one-sided lap joints with
elliptical damage. The tests were carried out in 3
repetitions. After the experiments were completed, the
samples were observed thoroughly, the damaged areas
were examined and their photographs were taken. The
maximum loads and damage types of the samples were
recorded. The ZWICK tester is shown in Figure 5.

Figure 5. ZWICK Z100 testing machine.

The moment at which a patched sample breaks from
outside the patch area of glass epoxy plate while it is
between the jaws of the tensile device is given in Figure
6. Average failure loads and damage types for each
orientation are given in Table 4. After the experiments
were completed, the samples were thoroughly observed
and the damage areas were examined.

Figure 6. Sample break time. ”

Table 4.
Failure loads and damage types of lap joints

Patch Experimental
Layers Failure Load (N)

Patch Dimensions
(Width x Length)

Damage
Types

JOURNAL OF SCIENCE, TECHNOLOGY AND ENGINEERING RESEARCH
Bilim, Teknoloji ve Mihendislik Arastirmalari Dergisi, (2023) - 4(1): 1-8
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Undamaged
Unpatched ) 27508 )
Damaged
Unpatched - 10500 BFES
40 x40 20400 BFES
40 x50 21800 BFES
2 40 x 60 22800 BFES
Layers
50 x40 20633 BFES
60 x 40 21100 BFES
40 x 40 21500 BOP
40 x 50 22300 BOP
4 40 x 60 24067 BOP
Layers
50x40 24567 BOP
60 x40 24967 BOP
40 x40 23093 BOP
40 x 50 26307 BOP
6 40 x 60 26921 BOP
Layers
50x40 24918 BOP
60 x40 25764 BOP

BFES: Break from Ellipse Section
BOP: Break Out of the Patch

35000
30000
25000
20000

— Sample 1

15000 — Sample 2

F(damage load) N

———Sample 3
10000

5000

0 0,2 0,4 0,6 0,8 1 1,2 14 16
AL-mm

Figure 7. Failure load variation of 3 undamaged and
unpatched samples.

In Figure 7, an average failure load of 27508 N is seen
in the tests performed without damage and patch.
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12000

10000

000

000 — Sample 1

Sample 2

F(damage load) N

Sample 3

o 0,2 04 0,6 08 1 1,2 14
AL-mm

Figure 8. Failure load variation of 3 damaged and
unpatched samples.

In Figure 8, an average failure load of 10500 N is seen
in the tests of damaged and unpatched samples.
Damaged specimens show 62% loss of strength.

30000

25000

~"000

——— UNPATCHED
000
——40x40mm
——50x40mm

heo ~——60x40 mm

F (DAMAGE LOAD) N

000

o 0.2 04 0.6 038 1 12 14 16 1.8
AL-mm

Figure 9. Failure load changes for patches of 40x40 mm,
50x40 mm, 60x40 mm with 4 layers.

In Figure 9, it is seen that as the patch length (y) and
thickness (z) are kept constant and the patch width (x)
increases, the failure loads increase because the adhesion
surface areas also increase. Samples with 4 layers and
40x40 mm patches showed an average failure load of
21500 N, samples with 50x40 mm patches showed an
average failure load of 24567 N, and samples with 60x40
mm patches showed an average failure load of 24967 N.

Compared to the elliptical damaged samples exposed to
tensile load without patch, it is seen that samples with
40x40 mm patches carry 104% excess load, samples
with 50x40 mm patches carry 133% more load, and
samples with 60x40 mm patches carry an excessive load
by 137%.

As aresult, as the patch width increases, the failure loads
of the samples increase as the adhesion area increases.
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Figure 10. Failure load changes for patches of 40x40
mm, 40x50 mm, 40x60 mm with 4 layers.

In Figure 10, it is seen that the failure loads increase as
the adhesion surface area increases as the patch width (x)
and thickness (z) are kept constant and the patch length
(y) increases. The number of layers is 4, 40x40 mm
samples resisted an average failure load of 21500 N,
40x50 mm samples showed an average failure load of
22300 N and 40x60 mm samples showed an average
failure load of 24067 N.

According to the elliptical damaged samples exposed to
tensile load without patch, it is seen that samples with
40x40 mm patches carry 94% more load, samples with
40x50 mm patches carry 112% more load, and samples
with 40x60 mm patches carry an excess load by 129%.

As aresult, an increase in the failure loads of the samples
was observed as the adhesion area increased as the patch
length increased.

30000
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15000
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F(Damage Load) N
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Figure 11. Failure load changes in the number of 2
layers, 4 layers and 6 layers of the patch with a width
and length of 60x40 mm.
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In Figure 11, it is seen that as the number of layers
increases in the adhered patches, the failure loads also
increase as the patch width (x) and length (y) are kept
constant and the patch thickness (z) increases. Having a
width and length of 60x40 mm, the 2-layer samples
showed an average failure load of 21100 N, the 4-layer
samples showed an average failure load of 24967 N, and
the 6-layer samples showed an average failure load of
25764 N.

According to the elliptical damaged samples exposed to
tensile load without patch, it is seen that 2-layer samples
carry 101% excess load, 4-layer samples carry 138%
overload, while 6-layer samples carry 145% excess load.

As a result, as the number of patch layers increases, the
patch thickness also increases, the patch strength
increases and the failure loads of the samples increase.

IV. RESULTS AND EVALUATION

In this study, in the repair of elliptical damaged
laminated composite plates, the effect of patch sizes and
patch layer number on tensile stress behavior was
investigated experimentally.

The undamaged samples were tested first. Later, when
the elliptical damaged specimens were tested, a tensile
strength loss of 62% was observed. When the elliptical
damaged samples are patched and tested with patches of
varying sizes and layer numbers, it is seen that they carry
up to 145% more tensile load than the unpatched
samples. As a result, it is clear that damage repair with
adhesive joints is quite successful.

In addition, it was observed that the failure loads
increased with increasing patch width, length and
number of layers. Since the increase in the width and
length of the patch increases the adhesion strength by
increasing the adhesion area, it is thought that the
increase in the number of patch layers increases the
strength of the patch material, thus increasing the tensile
strength.

When 4-layer damaged composite materials are patched
with 2-layer patches, the failure loads are lower than the
failure loads of the undamaged plates and break from the
ellipse section inside the patch. When patched with 4 and
6 layer patches, the failure loads are very close to the
failure loads of the undamaged plates and the repaired
plates breaks from the outside of the patch. This shows
us that damaged materials should be repaired with
patches with the same or more layer number.

If the damaged materials are repaired with patches with
a lower layer number than their own layer number, it has

been observed that the success of the repair decreases.
However, if damaged materials are repaired with patches
with the same or more layer number, it was seen that the
repair was very successful and the repair brought the
strength of the damaged area back to the state before the
damage, so the patch broke from the outside.

The ruptures from the outside of the patch show that the
damage repair with the adhesive joints was so successful
that it returned the sample to its undamaged strength, so
the sample was broken from the outside of the patch, that
is, from the outside of the damaged area.

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.

ACKNOWLEDGMENT

We would like to thank the Kahramanmaras Siit¢ii Imam
University USKIM laboratories and staff, where we
conducted our experiments, for their assistance.

REFERENCES

[1] R. K. Ergin, “Experimental and Numerical
Investigation of the Effect of Repairing Elliptical
Perforated Aluminum Sheets with Composite Patch on
Tensile Behavior”, (Kahramanmaras Siitcii Imam
University Institute of Science and Technology,
Unpublished Master Thesis), Kahramanmaras, 2014.

[2] A. Giilakman, “Glass/Epoxy Material Production,
Determination of Mechanical Properties and Calculation
of Interface Fracture Toughness”, (Dokuz Eylil
University Institute of Science, Published Master
Thesis), Izmir, 2008.

[3] H. C. H. Li, J. Wangb, A. Baker, “ Rapid Composite
Bonded Repair for Helicopter Tail Drive Shafts”,
Composites: Part B, 43 : (2012), pp. 1579-1585.

[4] M. Rachid, B. Serier, B. B. Bachir, M. Belhouari,
“Numerical Analysis of the Patch Shape Effects on the
Performances of Bonded Composite Repair in Aircraft
Structures”, Composites: Part B, 43 : (2012), pp. 391-
397.

[5] M. Ramyji, R. Srilakshmi, P. M. Bhanu, “Towards
Optimization of Patch Shape on the Performance of

Bonded Composite Repair Using FEM”. Composites:
Part B, 45 : (2013), pp. 710-720.


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

3 f\n JOURNAL OF SCIENCE, TECHNOLOGY AND ENGINEERING RESEARCH
LT ,l" Bilim, Teknoloji ve Miihendislik Arastirmalari Dergisi, (2023) - 4(1): 1-8
V\J ) ISSN : 2717-8404 https://dergipark.org.tr/en/pub/jster

[6] A. K. Ozgiir, “Rubber Material Pair Using Post-
Adhesive Method”, (Uludag University Institute of
Science and Technology, Published Master's Thesis),
Bursa, 2013.

[7] U. Soy, “Adhesive Repair of Al 2024-T3 Alloy Plate
with Composite Patch with the Help of Computer Aided
Modeling”, (Sakarya University Institute of Science and
Technology, Published Master's Thesis), Sakarya, 2005.

[8] G. Tek, “Single and Double-Action Adhesive
Connections”, (Gazi University Institute of Science,
Published Master Thesis), Ankara, 2011.

[9] K. Giiltekin, S. Akpimnar, A. Ozel, “The Effect of
Moment and Flexural Rigidity of Adherend on the
Strength of Adhesively Bonded Single Lap Joints”, The
Journal of Adhesion, pp. 710-720, 2015.

[10] K. Demir, S. Bayramoglu, S. Akpinar, “The fracture
load analysis of different support patches in adhesively
bonded single-lap joints”, Theoretical and Applied
Fracture Mechanics, Volume 108, 2020.

[11] H. Adin, Z. Saglam, M. S. Adin, “Numerical
Investigation of Fatigue Behavior of Non-patched and
Patched Aluminum/Composite Plates”, European
Mechanical Science, Volume 5, Issue 4, 168 - 176, 2021.

[12] H. Adin, B. Yildiz, M. S. Adin, “Numerical
Investigation of Fatigue Behaviors of NonPatched and
Patched Aluminum Pipes”, European Journal of
Technique, Vol. 11, No.1, 2021.

[13] M. S. Adin, M. E. Kiligkap, “Strength of Double-
Reinforced Adhesive Joints”, Materials Testing 63, 176—
181 (2021)

[14] S. Akpinar, “The strength of the adhesively bonded
step-lap joints for different step numbers”, Compos. B
Eng., 67 (2014), pp. 170-178

[15] M. Durmus, S. Akpinar, “The Experimental and
Numerical Analysis of the Adhesively Bonded Three
step-Lap Joints with Different Step Lengths”, Theor.
Appl. Fract. Mech., 107 (2020), Article 102498

[16] S. Temiz, S. Akpinar, M.D. Aydin, E. Sancaktar,
“Increasing Single Lap Joint Strength by Adherend
Curvature-Induced Residual Stresses”, J. Adhes. Sci.
Technol., 27 (2013), pp. 244-251


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

< i‘\"

JOURNAL OF SCIENCE, TECHNOLOGY AND ENGINEERING RESEARCH

Lf ,’5 Bilim, Teknoloji ve Miihendislik Arastirmalari Dergisi, (2023) - 4(1): 9-16

N~
Canl)

RESEARCH ARTICLE

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

Studied the Impact of the Foundation on the Underground Cavity Using

* 1

the Finite Element Method

Hosni Abderrahmane TALEB, 2 Ismahene GUEMIDI

“University Abdelhafid Boussouf, Institute of Science and Technology, Civil Engineering and Hydraulic Department, Mila. ALGERIA

HIGHLIGHTS

talebhosni@yahoo.fr, Orcid.0000-0001-8942-9492
IFIMAS Laboratory, University of Bechar, Algeria

2University Chadli Bendjedid of El Tarf, Algeria
ismahene_civil@yahoo.fr, Orcid.org/0000000204869622

GRAPHICAL ABSTRACT

= Study and Examined the
underground cavities
= The danger of instability
of cavities in the field of
civil engineering
= The danger of instability of
cavities in the field of civil
engineering

Keywords:

= Finite Element Method
= Modeling

= Cavity

= Foundation

= [nstability

Article Info:

Received : January 10, 2023
Accepted : January 28, 2023

DOI: 10.53525/jster.1232122

*Correspondence:

TALEB Hosni Abderrahmane
talebhosnil@yahoo.fr
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Figure 7. Displacement due to change in width L with and without foundation

Aim of Article: The purpose of this research.is to study the effect of underground cavities with
and without foundation.

Theory and Methodology: We used the modeling of this underground cavities by the finite
elements in the presence and with absence of foundation.

Findings and Results: Results and findings shows that the underground cavities effects by the
presence of the foundations. After a series of numerical modelling, the results indicate a linear
increase of displacement for an increase of height H. The deformation field will be very
remarkable and indicates the collapse of the underground cavity.

Conclusion : We calculate the hollow ground's instability (collapse), displacements, and
deformation field both with and without a foundation. With the purpose of confirming the impact
of the subterranean cavity's height H, breadth L, and distance D from the earth's free surface, the
finite element technique the Plaxis code is employed..
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[7-8]. The risk of underground cavities is one of the risks

I. INTRODUCTION of ground movement. Underground cavities are

The progressive development of the territory leads to the
exploitation of new lands, currently abandoned because
they present risks to the safety of users [1-6]. This is
notably the case for potential collapse zones, which are
linked to the presence of underground cavities. Ground
movements include a set of more or less brutal
displacements of the ground or subsoil, of natural or
anthropic origin. The volumes involved are between a
few cubic meters and a few million cubic meters. The
displacements can be slow (a few millimeters per year)
or very fast (a few hundred meters per day), and are a
function of the nature and layout of the geological layers

particularly present in the plain. They are either
anthropic cavities (quarries, marl pits, etc.) dug by man
to extract materials or natural cavities (sinkholes); see
figure 1.

The proposed study focuses on the particular
geotechnical context of numerical modeling of an
underground cavity, especially the awareness of ground
displacement (instability) or collapse related to the
change in distance between the underground cavity and
the free surface of the earth, the change in height and
width of this cavity. This communication is an attempt
to comprehend the phenomenon, that there are numerous
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possibilities for finding solutions, to reinforce the
underground cavity, and, of course, to discover simple,
quick, cost-effective, and environmentally friendly
solutions.

T el —
Figure. 1. Underground cavities in residential areas [9]

Il. PRESENTATION OF THE CASE STUDY

Given the total geometry, the case studied corresponds
to an underground cavity of 3 m in height and 3 m in
width, the ground with a single layer under the presence
of a foundation of 2 m in length, and this ground of 27
m in height and 40 m in length.

The project is symmetrical (Figure 2); it will be modeled
by a 2D axisymmetric geometric model. The numerical
modeling is performed using PLAXIS-2D. The MOHR-
COULOMB model (MC) is used to simulate the
behavior of the cavity. The following table 1 represents
the geotechnical parameters of the terrain for the
evaluation of the displacement under the effect of the
presence of the underground cavity.

g
A

Figure. 2. Geometry of the model

Table I.
Geotechnical Properties
Symbol Parameters Soil foundation
Model of M-C -
b - Non-porous elastic liner
ehavior

Y Bulk density 16.0 (KN/m?) 24.0

¥s Saturated density 18.0 (KN/m?®) -
E Young's 2.00E+06 6.680E+07
modulus (KN/m?)
v Poisson's ratio 0.35 0.20
c Cohesion 2 -
@ Friction angle 24.0 _

The case studied consists of analyzing the behavior of a
ground in the presence of an underground cavity.

I11. RESULTS AND DISCUSSION

The method of the finite elements axisymmetric model
is used to simulate the underground cavity. The presence
of an underground cavity in a land with two phases, the
first without a foundation and the second with a
foundation, is investigated in this study through a series
of modeling. We are interested in the influence of the
three following parameters:
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1) Variation in the distance (D) between the
underground cavity and the earth's free surface (Figure
5(a)).

2) Change in the width (L) of the cavity (Figure 8, a);
3) Change in the height of the underground cavity
(Figure 12, a).

The following figure shows the modeling of the ground
displacement field with a foundation without
underground cavity the total displacement is 0.012 m.

Figure. 3. Ground displacement field with the presence of a
foundation without cavity

The study is framed in these parameters by the effect of
the cavity's distance D on the total displacement of the
ground.

A. The Effect of the Distance (D) Between the Cavity
and the Free Surface of the Earth

In this paper, we recall that the shape, width, and height
(3 mand 3 m, respectively) are fixed, and the change in
distance D only occurs between 5 m and 21 m (see
Figure 5 a), with and without foundation. The sensitivity
study of a distance parameter on the total displacement
gives the results in the following graph:

With Foundation

45 ] Without Foundation

40
3.5
3.0
2.5

204

Displacement (m)

U-U\ T T T T T T T T T
4 6 8 10 12 14 16 18 20 22

Distance (D) between the free surface of the earth and the
cavity in meters

Figure. 4. Ground displacement under the effect of distance
D with and without foundation
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1) Without foundation: it is noticed that the
displacements are almost the same between 0.67 m and
0.50 m, so the presence of the cavities without weight
(exploitation or permanent) influences (the instability)
collapse of the underground cavities.

2) With a foundation: if the underground cavity is very
close (5-11 m) to the free surface of the earth, the
displacements will be very large up to 4.29 m

Considering that the total displacements were nearly the
same from 13 m to 21 m with and without the
foundation, these results indicate that the influence of
this weight (the foundation) ended at 13 m.

=
- a

Figure. 5. Displacement fields without foundation with
change of distance D (b =21,c¢=17,d=13,e=9,f=5m)

Figure (5, b) depicts the effect of the distance D (21 m)
on the total displacement of the ground without
foundation; it depicts the displacement spindle around
the underground cavity and the weak displacements on
the earth's free surface. Figures (5, ¢, and d) show the
importance of the displacement on the free surface of the
ground with D =17 and 13 m. On the other hand, figures
(5, e, and f) illustrated the distances D =5 mand 9 m and
the situation of the large displacement of the free surface
of the ground above the underground cavity, indicated
by the red color.
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Figure. 6. Displacement fields in the presence of a foundation with change
indistance D (a=21,b=17,¢=13,d=9,e=5m)

In the presence of a foundation with the same
characteristics and distances, the models are shown in
Figure 6. The free surfaces of the earth are influenced by
the distance D (21, 17 and 13 m), as shown in Figure 6
(a, b, and c), and the displacements are significant. In
figures (6 d and e), the displacement field on the free
surface is a little bit smaller compared to figures (6 a, b,
and c), but the displacement is big between the
underground cavity and the foundation because of the
small distance D (5 m).

B. The Effect of the Width (L) of the Underground
Cavity

For the evaluation of the total ground displacement and
the deformation field, we change the width L of the
underground cavity each time; we recall that the cavity
of 1 m height and distance D 11 m are fixed; in this part
of the modeling, the change of width is between 2 and
10 m (see Figure 8 a), in this modeling series of courses
with and without foundation.

The results of the different calculations are shown in
this graph (Figure 7). It shows an almost linear increase
in the total displacement of the ground without
foundation for a variable cavity width (2 m, up to 10 m)
and fixed height H (1 m). Thus, with the increasing
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width of the underground cavity, the displacement

increases progressively.
With Foundation

3.0 Without Foundation
254
)
g 20
p—
=
=
T
g 15
T
[¥]
t
2. 1.0
A
a
0.5 4
0.0 : . ‘ . .
2 4 5 8 10

Width (L) of the cavity in meters

Figure. 7. Displacement due to change in width L with and without
foundation

Modeling with foundation almost the same remarks with
the previous series of modeling (without foundation),
increase of displacements with enlargement of the width
of the underground cavity, in modeling of 6 m width the
displacement a little small than the displacement of same
width without foundation. The maximum displacement
in this modeling is 2.61 m.

L
«—>
b —
d c

Figu re. 8. Displacement fields without foundation with change in width L
(b=2,c=4,d=6,e=8,f=10m)
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In this section, we will present a study that allows us to
better understand the effect of changes in cavity width
(L) on the deformation field and the total shape of the
earth (Figure 8). In Figure (8 b), small displacements
around the underground cavity are observed in relation
to other shapes, while Figures (8 ¢, d, e, and f) present a
proportional increase in the deformation of the ground
with the increase in the width of the underground cavity.

Figure. 9. Displacement fields in the presence of a foundation
with a change inwidthL (a=2,b=4,c=6,d=8,e=10m)

C. The Effect of the Height (H) of the Underground
Cavity

Finally, this part concerns the influence of the height of
the underground cavity on the total displacement of land
and the form of deformation. Currently, in this section of
the modeling, the change will be in the height H only,
and this change will be between 2 and 9 meters, as shown
in Figure 11 a. the first without foundation and the
second in the presence of a foundation.

The results of the different calculations are shown in this
graph (Figure 10), shows a linear increase in
displacement for a variable height H (between 2 m and
9m).
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With Foundation
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0.260
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Displacement (m)
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Figure. 10. Displacement due to change in H-height with and
without foundation

The results of the total displacements with and without
foundation illustrated that the displacements increase
with an increase in the height of the underground cavity.
We also notice that in the height of 2 m with a
foundation, the displacement is a little larger than in the
modeling without a foundation, and the other modeling
is almost the same.

Figure. 11. Displacement fields without foundation with
changeof H(b=2,c=3,d=5,e=7,f=9m)
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In the models of underground cavities without
foundation, we fixed the width of this cavity (2 m) and
changed the height H of the cavity. Figure 11 b) depicts
the kinematics of the deformation field around the
opening; on the other hand, in figures 11 c, d, e, and f,
with an increase in height H, we also have an increase in
the deformation field on the free surface of the earth.

Figure. 12. Displacement fields in the presence of a
foundation with a change in height H (a=2,b=3,c=5,d=
7,e=9m)

Now we are interested in the influence of the foundation
and the modification of the height H of the underground
cavity on the total ground displacement and the
deformation shape. In this section of the modeling, we
see the same effects as in the series of models without
foundation, but with the influence of foundation at the
free surface level, we see an amplification of the
deformation field on the ground's free surface.

IV. CONCLUSION

In this paper, we determine the instability (collapse),
displacements, and deformation field of the cavity
ground, with and without the presence of a foundation.
The method used is the finite element method by the
Plaxis code, with the aim of verifying the effect of the
distance D between the underground cavity and the free
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surface of the earth, the height H, and the width L of the
cavity. Our results showed:

A. The influence of the distance D:

1) The results show that the displacement increases
with the cavity near the free surface of the earth, for a
smaller distance, the displacement becomes larger;

2) The deformation field will be very remarkable and
indicates the collapse of the underground cavity

B. The influence of width L:

1) The displacement is almost proportional to the
increase in the width of the underground cavity;

2) We notice that there are remarkable effects on the
fields of ground deformations without and with
foundations because of influence of width of
underground cavity, we also notice the collapse of the
underground cavity once we increase width of this
cavity.

C. The influence of the height H:

1) After a series of numerical modelling, the results
indicate a linear increase of displacement for an increase
of height H.

2) The results of height change with presence or
absence of foundations, give different collapse
(destabilization) regimes of underground cavities,
deformation fields in continuous increase i.e.
displacement in accordance with height.
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GRAPHICAL ABSTRACT

= Investigation of cell growth
enhancement in red, and
infrared light treatment at
various wavelengths in
photobiomodulation

= Evaluation of the number of
reproduction of two different
cell cultures by applying red
light, and infrared light for a
specified period of
hypochlorous acid

= The importance of faster
diagnosis, and treatment of
patients’ wounds, and the
importance of the telemedicine
approach that can result in
these processes more quickly

Keywords:

Injury is one of the most common health problems people face in daily life. Finding, and that
removing the reasons of wound healing delays helps to speed up the healing process. However,
the inability of people living far from health institutions to access health services, increasing
health costs, and poorly managed wounds can lead to the development of chronic wounds after
a while. The aim of this study was to investigate the in vitro effects of red LED light, infrared
LED light, and hypochlorous acid on two different cell types. A low-cost, and portable optical
setup was designed for the study. Red light, infrared light, hypochlorous acid, and the
combination of these lights with hypochlorous acid were applied to the keratinocyte cell line
(HaCaT), and fibroblast cell line (BJ). At the end of the experiment, keratinocyte, and fibroblast
cells reacted differently to the treatments. An increase was observed in keratinocyte after 48, and
72 hours, while a decrease in the fibroblast cells. The ability of photobiomodulation to promote
wound healing is due to the increased proliferation of cells. We think that the data we have
obtained can help to wound healing in health fields.
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Figure A. Reproduction time depending on the duration of hypochlorous acid and red light

Aim of Article: The aim of this study is to investigate the in vitro effects of red LED light, infrared
LED light and hypochlorous acid on two different cell types.

Theory and Methodology: It was aimed to observe the changes in the number of reproductionS
of two different cell cultures by applying red light and infrared light with hypochlorous acid at
specified times and to determine the parameters that provide the highest reproduction.

Findings and Results: Keratinocyte and fibroblast cells reacted differently to the treatments. An
increase was observed in keratinocyte after 48 and 72 hours, while a decrease in the fibroblast
cells.

Conclusion: The ability of photobiomodulation to promote wound healing is due to the increased
proliferation of cells. We think that the data we have obtained can help to wound healing in health
fields.
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Fotobiyomodiilasyonda ¢esitli dalga boylarinda kirmizi ve kizilotesi isik tedavisinde hiicre biiyiimesini artirdigi arastirilmasi
Hipokloroz asitin belirlenen siirede kirmizi 151k ve infrared stk uygulanarak iki farkly hiicre kiiltiirtintin tireme sayisindaki

degisikliklerin degerlendirilmesi

Hastalarin yaralarda, teshis ve tedavi siireclerinin daha hizli gergeklestirilmesi ve teletip yaklagiminin bu siiregleri daha hizli

sekilde sonuglanabileceginin onemi
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Yaralanma, giindelik yasamda insanlarin sik karsilastigr saghk sorunlar: arasinda yer
almaktadir. Yaralarda iyilesmeyi engelleyen sebeplerin bulunmast ve bu sebeplerin ortadan

kaldirilmast iyilesme siirecinin  hizlandirilmasina yardimcr olmaktadir. Ancak saghk

kuruluslarina uzak yasayan insanlarin saghk hizmetine ulasamamasi, artan saglik maliyetleri

ve iyi yonetilemeyen yaralar, bir siire sonra kronik yaranin gelismesine yol a¢abilmektedir.

Bu calismanin amact kirmizi LED 51k, infrared LED 151k ve hipokloroz asidin iki farkly hiicre
tipi tizerindeki in vitro etkilerini arastirmaktir. Calismada uygulama igin diisiik maliyetli ve

tasinabilir optik diizenek hazirlanmistir. Keratinosit hiicre hattina (HaCaT) ve fibroblast

hiicre hattina (BJ) kirmizi 51k, infrared 151k, hipokloréz asit ve bu wsiklarin hipokloréz asit ile
kombinasyonu uygulanmistir. Deneyin sonunda keratinosit ve fibroblast hiicreleri
uygulamalara farkli tepki gosterdigi ortaya koyulmustur. Keratinosit hiicrelerinde 48 ve 72
saat sonra artis gozlemlenirken fibroblast hiicrelerinin itiremelerinde azalma gergeklesti.

Fotobiyomodiilasyonun yara iyilesmesini destekleme kabiliyeti, hiicrelerin iiremesindeki
artisa baghdir. Elde ettigimiz veriler ile saglhk alanlarinda yara iyilesmesine katki

yapabilecegini diistinmekteyiz.

Anahtar Kelimeler: Yara iyilegmesi, hipokloroz asit,red light, LED
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I. GIRIS [INTRODUCTION]

Deri, yiizey alan1 bakimindan insan viicudunda bulunan en
bliylik organdir. Deriler i¢ organlar1 ve dokulart
sicakliktan, enfeksiyondan ve mekanik hasardan
korumaktadir [1]. Fakat kimyasal, fiziksel veya hastaliklar
gibi farkli nedenlerle deri biitiinliikleri bozulmakta ve
tahrip olmaktadir. Bunun sonucunda ise dokularin ya da
organlarin fizyolojik oOzellikleri tamamen veya gegici
olarak kaybolmaktadir. Bu durum yara olarak
tanimlanmaktadir. Ciltte yaralanmanin siddetine ve
yaralanan bolgenin Ozelligine goére farkli derecelerde
yaralar olusabilmektedir. Yaralarda derinligin artmasi i¢
organlarin ve dokularin etkilenme oranini artirmaktadir [2,
3]. Bunun yani sira yaralarm saglik ekonomisi tizerinde de
onemli etkisi bulunmaktadir. Sadece Amerika’da
iyilesmeyen yaralar i¢in yaklasik 50 milyar dolar, cerrahi
yaralar igin yaklasik 12 milyar dolar ve yaniklar i¢in de
yaklasik her yil 7,5 milyar dolarlik maliyet olusmaktadir
[2]. Herhangi bir travma ile hasar alan dokularin sirali
biyokimyasal ve hiicresel prosesler ile fonksiyonel ve
anatomik Ozelliklerini geri kazanmasi siirecine yara
iyilesmesi denilmektedir. Iyilesme siireci yaralanmadan
hemen sonra baglamaktadir ve bu siiregte 6zel bir sira takip
edilerek yaralar miimkiin oldugunca kisa siirede
kapatilmaktadir. Yara gerilim kuvvetinin normal diizeyine
getirilmesi bu  siireclerin  temel amaci1 arasinda
bulunmaktadir [4, 5]. Yara iyilesme siiresi yaralanan
bolgeye, yaranin bilyiikliigiine ve yaranin ciddiyetine gore
degisiklik gostermektedir. Buna ek olarak radyoterapi,
kemoterapi, biiylime faktorleri ve sitokinler, genetik
bozukluklar, beslenme gibi faktorler de yara iyilesmesini
etkilemektedir. Yara iyilesmesinin uzun siirmesi yaralarda
enfeksiyon riskini artirmaktadir. Saghikli bir yara
iyilesmesi i¢in, dokunun iyi beslenmesi ve nemlenmesi
gerekmektedir [4, 6]. Yara iyilesmesi genellikle dort
asamada tanimlanmaktadir. Bunlar sirasiyla hemostaz,
inflamasyon, proliferasyon  ve remodelizasyon
(maturasyon) seklindedir. Bu asamalarin kesin sinirlari
bulunmamaktadir. Her bir evre birbiriyle i¢ ige
gecebilmektedir. Akut yaralarda bu evreler sorunsuz bir
sekilde diizenli olarak ilerlemektedir. Kronik yaralarda ise
benzer sekilde iyilesme siireci baslatilacak, ancak
inflamasyon, proliferasyon ve maturasyon evrelerinin
stirelerinde artis gozlenecektir [7]. Fotobiyomodiilasyon
(PBM), diisiik seviyeli 1s1k tedavisi olarak da
bilinmektedir. Bu teknikte goriiniir ve kizilotesi
spektrumda lazer ve 151k yayan diyotlar (LED) 151k
kaynaklarinin ~ iyonlastirict  olmayan  formlarmin
kullanilmasiyla hiicrelerde fotokimyasal olaylar meydana
getirilmektedir [8]. Fotobiyomodiilasyon, diisik giic
kullanilmas1 nedeniyle dokuda belirgin bir sicaklik
artisina neden olmamaktadir [9]. Kirmiz1 ve kizilotesi
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15181n viicuttaki fizyolojik  etkileri birbirine
benzemektedir. Bu iki 15181in arasindaki fark, kizilotesi
1518 viicuda kirmizi 1s18a goére daha derin niifuz
edebilmesidir. Bilimsel arastirmalarda en terapétik olan
kirmizi ve kizilGtesi 15181n dalga boylari sirasiyla 620-700
nm ile 700-1000 oldugu bildirilmektedir [10]. Bu tedavi
yangisal cevabi azaltmak, agriyr hafifletmek, doku
onarimint tesvik etmek amaciyla kullanilmaktadir.
Fotobiyomodiilasyonun hayvan deneylerinde ve klinik
calismalarda yara iyilesmesini hizlandirdigi,
mitokondriyal metabolizmay1 artirdigi, ATP {iretimini
artirdigi, anti-enflamatuar hareket sagladigi, damar
olusumunu artirdign  gdzlenmistir [9, 11]. In-vitro
calismalarda kirmizi ve kizilotesi 1siklari; fibroblast,
lenfosit, iskelet kasi hiicreleri, insan epitel hiicreleri,
endotel hiicre, miyoblast, keratinosit, osteoblast gibi hiicre
tiplerinin ¢ogalmasini uyardigr gosterilmektedir [10].
Hipoklordz asit, bakteri ve viriis gibi yabanci varliklarin
istilasina yanit olarak, bagisiklik sisteminin ayrilmaz bir
parcasi olan notrofiller tarafindan dogal olarak
tiretilmektedirler. Son 15 yilda Hipoklor6z asit (HOCI)
soliisyonlar sitotoksisite olmaksizin hem antimikrobiyal
hem de yara iyilestirici Ozellikler gostermistir [12].
Yapilan arastirmalar, giliclii antimikrobiyal o6zellikleri,
anti-enflamatuar etkileri ve biyofilmleri pargalama
yetenegi nedeniyle HOCI soliisyonlarinin yara ve skar
yonetiminde  potansiyel  bir arag  sundugunu
gostermektedir [13]. Calismalarla desteklenen HOCI’nin
bakterilere, viriislere ve mantarlara karsi olan etkisinin,
yara bakiminda prosediir dncesi ve sonrasi bir antiseptik
ve anti-enflamatuar ajan olarak 6nemli bir potansiyele
sahiptir ve antiseptik olarak tercih edilebilecek ilk
secenekler arasinda yer almaktadir [12, 14]. Bu ¢alismada
iki farkl1 Iki hiicre hatt1 iizerine kirmiz1 ve kizildtesi 151k
uygulamast hipokloréz asit ile beraber ve ayr ayn
uygulanmig ve hiicrelerin lireme zamaninda ve sayisinda
degisim incelenmistir.

Il. TEORIVE YONTEM [THEORY AND
METHODOLOGY]

Bu ¢alisgmada kirmizi LED 151k ve infrared LED 1s181n,
fibroblast (BJ) hiicre hatt1 ile keratinosit (HaCaT) hiicre
hatt1 37 °C’de %95 nem ve %5 CO:’li etlivde inkiibe
edilmistir.

2.1. Devre Tasarim

Isik kaynaklari i¢in 5 mm boyutunda 625-740 nm dalga
boyunda 28 adet kirmizi1 mantar LED ve 5mm boyutunda
750nm-1mm dalga boyunda 28 adet infrared mantar LED
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kullanilmigtir. LED’lerin baglanti ¢izimi sekil 1’de
gosterilmistir. LED’ler sadece bir yonde akim
gecirmektedirler. LED’e dogru voltaj uygulandiginda P
maddesindeki deliklerle N maddesindeki elektronlar
birlesim yilizeyinde notrlesmektedir. Bu elektronlar daha
yiiksek bir enerji seviyesinden daha diisiik bir enerji
seviyesine diistiigii i¢in, enerjiyi fotonlar (151k) seklinde
yaymaktadirlar. LED’lerin yaydigi 151k, LED ¢ipi
icerisindeki yar1 iletken katki maddeleri ile ilgilidir.
LED’in hangi renkte 151k yaymasi isteniyorsa galyum,
arsenit, aliiminyum gibi kimyasal malzemelerden uygun
oranda yar1 iletken malzemeye katki yapilmaktadir.

Kirmizi isik ve Keratinosit ve
infrared isik fibroblast hicre
kaynaklarinin hatlarinin ekilmesi ve
hazirlanmasi ¢ogaltiimasi

Isik uygulanmasinin

Isik kaynaklarinin ardindan hiicre

hiicre hatlari
Uzerinde

ile incelenmesi ve
uygulanmasi

takip edilmesi

—
e
—
——
—
—
——

0,
e
= 2
—
mls

Verilerin elde

1r

edilmesi ve istatiksel
analizin yapilmasi

Sekil 2. Akis semasi

Calismada dordii kontrol grubu olmak iizere toplamda 36
grup bulunmaktadir. Caligmadaki gruplar1 Tablo 1’de

v belirtilmistir. Uygulama parametreleri ise sirayla Tablo 2,
trivtbnt Tablo 3, Tablo 4, Tablo 5’te belirtilmistir.

LR R T R T
Tablo 1. Kontrol gruplart uygulama parametreleri
Sekil 1. Baglant1 semast Kontrol gruplar1 uygulama
2.2 . Yazilim Grup No Hiicre Tipi HOCI Igerigi
1. Keratinosit Yok
. .. .. . 2. Fibroblast Yok
Tasarlanan 151k sisteminin yazilimi i¢in gerekli kodlama 3 Keratinosit Var
Software programinda hazirlanmustir. 4. Fibroblast Var
2.3.Uygulama Tablo 2. Keratinosit hiicrelere kirmizi 1s1k uygulama
parametreleri
Bu calismada kirmizi LED g1k, infrared LED 151k ve
hipoklordz asidin HaCaT hiicre hatt1 ve BJ hiicre hat Keratinosit hiicrelere kirmizi 151k uygulama
¢ogalmalari lizerinde olusturduklari etki —
gbzlemlenmesi amaglanmistir. Bu calisma genel ola Kono  Hiicre Tipi Tsik Tipi Uég.”'a'f”a Asit Giinde
bes asamadan olusmaktadir. Caligmanin akis semasi sekil Hrest igerigi
2’de gosterilmistir 1. Keratinosit Kirmizi 10 Yok 1
2. Keratinosit Kirmizt 20° Yok 1
3. Keratinosit Kirmizt 10° Yok 2
4. Keratinosit Kirmizt 20° Yok 2
5. Keratinosit Kirmizt 10° Var 1
6. Keratinosit Kirmizt 20° Var 1
7. Keratinosit Kirmizt 10° Var 2
8. Keratinosit Kirmizt 20° Var 2
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Tablo 3. Fibroblast hiicrelere kirmizi 151k uygulama
parametreleri
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Fibroblast hiicrelere kirmizi 151k uygulama

Grup No Hiicre Tipi Isik Tipi Uygulama HOCI Giinde
Siiresi Asit
Icerigi
1. Fibroblast Kirmizi 10° Yok 1
2. Fibroblast Kirmizi 20° Yok 1
3. Fibroblast Kirmizi 10° Yok 2
4, Fibroblast Kirmizi 20’ Yok 2
5. Fibroblast Kirmizi 10° Var 1
6. Fibroblast Kirmizi 20° Var 1
7. Fibroblast Kirmizi 10° Var 2
8. Fibroblast Kirmizi 20’ Var 2
Tablo 4. Keratinosit hiicrelere infrared 151k uygulama
parametreleri
Keratinosit hiicrelere infrared 1s1k uygulama
Grup No Hiicre Tipi Isik Tipi Uygulama HOCI Giinde
Siiresi Asit
icerigi
1. Keratinosit Infrared 10° Yok 1
2. Keratinosit Infrared 20° Yok 1
3. Keratinosit Infrared 10° Yok 2
4. Keratinosit Infrared 20° Yok 2
5. Keratinosit Infrared 10° Var 1
6. Keratinosit Infrared 20° Var 1
7. Keratinosit Infrared 100 Var 2
8. Keratinosit Infrared 20° Var 2

Tablo 5. Fibroblast hiicrelere infrared 151k uygulama
parametreleri

HaCaT ve BJ hiicre hatlarmin ekimi i¢in 24 kuyucuklu
plaklar kullanildi. Her bir kuyucuga 1 ml besi yeri eklendi.
Onceden ¢ogaltilan hiicreler tripsin-EDTA ile flasklardan
kaldirildi ve asagida bildirilen esitligi kullanilarak her bir
kuyucuga 12000 hiicre ekildi. Hiicrelerin yiizeye
tutunmasi i¢in bir giin boyunca 37 °C’de %95 nem ve %5
CO2’li etiivde inkiibe edildi. Hiicreler istenilen biiyiime
oranina yiizeyde %80-90 confluency oldugunda,
tablolarda belirtilen gruplara 2 ppm hipoklor6z asit
eklendi ve hiicreler bir giin daha inkiibatorde bekletildi. Bu
islemin ardindan optik diizenek, ekilen hiicrelere 1 cm
uzaklikta olacak sekilde ayarlandi ve her bir grup icin
tablolarda belirtilen 151k parametreleri uygulandi. Sekil
3’te hiicre kiiltiirlerine kirmizi ve infrared 151810
uygulanmasi gosterilmistir. Hiicre kiiltlirlerine miimkiin
oldugunca karanlik ortamda 1s1ik verilmesine 06zen
gosterildi. Isiklar verildikten sonra sirasiyla hiicrelerin 24,
48 ve 72 saat sonra gosterdikleri degisiklikler mikroskop
ile incelendi.

21

Sekil 3. Hiicre kiiltiirlerine a) kirmizi ve b) infrared
151810 uygulanmasi

Hiicreler incelendikten sonra sayim islemine gecildi.
Oncelikle kuyucuklarda bulunan besiyerleri pipetle
uzaklastirildt ve 500 ul PBS ile yikandi. Ardindan
kuyucuklara 400 pl tripsin-EDTA ilave edilerek hiicreler
kaldirildi. Tripsin-EDTA’nin tizerine 600 pl besiyeri ilave
edildi ve olusan hiicre siispansiyonu 2 ml’lik eppendorf
tiiplere aktarildi. Steril 0.5 ml’lik eppendorf tiiptine 50 pl
tripan mavisi ve 50 pl hiicre siispansiyonu eklenerek 1:1
oraninda karisim elde edildi. Bu karigimdan 10 pl alindi ve
Thoma lami iizerine aktarildi. Thoma lamina aktarilan
karisimin invert mikroskopta 4X biiyiitmede sayimi
gercgeklestirildi. Thoma laminda mavi olarak isaretlenmis
4 biiylik alan sayildi. Hiicrelerin konsantrasyonu (1)
asagidaki esitligi kullanilarak hesaplandi.

Hucre sayist x 10.000

Hiicre Konsantrasyonu (hiicre/ml) = --

Alan sayisi x Dilusyon faktoru (1)

I11. BULGULAR [RESULTS]
Fibroblast hiicrelere infrared 151k uygulama
Grup Hiicre Tipi Isik Tipi Uygulama HOCI Giinde
No Siiresi Asit
Icerigi
1. Fibroblast Infrared 10° Yok 1
2. Fibroblast Infrared 20’ Yok 1
3. Fibroblast Infrared 10° Yok 2
4, Fibroblast Infrared 20° Yok 2
5. Fibroblast Infrared 10’ Var 1
6. Fibroblast Infrared 20’ Var 1
7. Fibroblast Infrared 10° Var 2
8. Fibroblast Infrared 20’ Var 2

Bu calismada HaCaT ve BJ hiicre kiiltiirleri, hipoklordz
asit uygulamasi ile birlikte iki farkli 151k kaynag (kirmizi
ve infrared 151k) ile muamele edilerek hiicrelerdeki tireme
hizlarina bakilmistir.

3.1. HaCaT Hiicre Kiiltiiriinde Kirmizi Isik Uygulamasi
Sonuclart
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HaCaT hiicre kiiltiiriinde kirmizi 151k ve hipoklordz asidin
beraber uygulanmasi sonucu elde edilen veriler Sekil 4’de
gosterilmistir.
Hipoklordz asit ve kirmizi isik siirelerine bagh ireme
zaman grafigi - 1
120000

100000

JRi700553
F-10/0)0 o FRCRRG—G—G——— USRI " i ERELEELIEEE - e
60000 I
|
40000 1 I I
20000 N - - _ _
0
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Hiicre sayisi

Kontrol

Baslangic 24 A8 B T) e Linear (72)

Sekil 4. Keratinosit hiicre kiiltiirlinde kirmizi 151k ve
hipoklordz asidin farkli uygulama siirelerinde elde edilen
hiicre sayilar ile bu veriler arasindaki dogrusal regresyon

ve belirleme katsay1 degeri (R?)

Kirmiz1 151k ve hipokloréz asit beraber uygulanan HaCaT
hiicre kiiltiirlinde yapilan analizler sonucunda kontrol
grubuna gore tiim gruplarda hipoklor6z asit eklemesinin
onemli dlciide etkisi oldugu, buna ek olarak kirmizi 151k
verilen gruplarda da 20 dakika 1 defa uygulanan grubun
24. saati hari¢ diger gruplarda belirgin bir artis oldugu
gozlemlenmistir (p<0.05). Buna bagli olarak saatler
bazinda bakildiginda en belirgin hiicre artisin1 10 dakika 2
defa uygulanan hiicre gruplarinda 72. saatte belirlenmistir.
HaCaT hiicre kiiltiiriinde kirmizi 151k uygulanmasi sonucu
elde edilen veriler Sekil 5°te gosterilmistir.

Kirmiziigik strelerine bagh tireme zaman grafigi- 1
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R?=0.6733
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10dk1defa 10dk2defa 20dkldefa 20dk2defa

Hiicre sayisi
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Baslangi¢ 24 o A8 R T2 s Linear (72)

Sekil 5. Keratinosit hiicre kiiltiiriinde kirmizi 1181n farkli
uygulama siirelerinde elde edilen hiicre sayilari ile bu
veriler arasindaki dogrusal regresyon ve belirleme katsay1
degeri (R?)

Sadece kirmizi 151k uygulanan HaCaT hiicre kiiltiiriinde
yapilan analizler sonucunda 20 dakika 1 defa ve 20 dakika
2 defa uygulamalarinin 24. saati ile 10 dakika 1 defa
uygulamasinin 72. saati hari¢ diger uygulama gruplarinda
kontrol grubuna gore belirgin bir artis goézlemlenmistir
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(p<0.05). Buna bagl olarak saatler bazinda bakildiginda
en belirgin hiicre artig1 20 dakika 2 defa uygulanan hiicre
gruplarinda 72. saatte belirlenmistir. Kirmiz1 151k
uygulamasindan elde edilen verilere bakildiginda 72.
saatte hipokloroz asit ekli grupta 10 dakika 2 defa
uygulamada 101.000 hiicre sayilmigsken hipoklordz asit
icermeyen grupta 72. saatte 80.625 hiicre sayillmistir. Her
iki hiicre sayimi da kontrol grubuna gore yiiksek olmakla
beraber hipoklordz asit eklenen grupta belirgin bir artigin
oldugu gbzlemlenmistir. Buna bagli olarak hipoklor6z asit
ekli kirmizi 151k uygulama gruplarinin kontrol grubu ile
yapilan kiyaslamalarda kag kat artig gosterdigi Tablo 6’de
belirtilmistir.

Tablo 6. Hipoklor6z asit ekli kirmizi 11k uygulama
gruplarimin gosterdikleri artis katsayilar

Hipoklor6z asit ekli kirmizi 151k uygulama

Gruplar 24. saat 48. saat 72. saat
10 dakika 1 defa 4,22 8,12 7,19
10 dakika 2 defa 5,78 75 8,44
20 dakika 1 defa 25 6,41 6,88
20 dakika 2 defa 3,44 5,31 6,25

Benzer sekilde hipoklordz asit igermeyen kirmizi 11k
uygulama gruplarmin  kontrol grubu ile yapilan
kiyaslamalarda kac¢ kat artis gosterdigi Tablo 7°de
belirtilmistir.

Tablo 7. Hipokloréz asit icermeyen kirmizi 1g1k
uygulama gruplarinin gésterdikleri artig katsayilart

Hipokloroz asit icermeyen kirmizi 151k uygulama

Gruplar 24. saat 48. saat 72. saat
10 dakika 1 defa 5,96 4,84 4,53
10 dakika 2 defa 4,06 6,25 6,72
20 dakika 1 defa 2,66 6,09 6,72
20 dakika 2 defa 391 6,25 7,19

3.2. HaCaT Hiicre Kiiltiiriinde Infrared Isik Uygulamasi
Sonuclart

HaCaT hiicre kiiltiiriinde infrared 151k ve hipoklordz asidin
beraber uygulanmasi sonucu elde edilen veriler Sekil 6’de
gosterilmistir.
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Hipoklordz asit ve infrared 151k slirelerine bagl Greme
zaman grafigi- 1
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Sekil 6. Keratinosit hiicre kiiltiiriinde infrared 151k ve
hipoklordz asidin farkli uygulama siirelerinde elde edilen
hiicre sayilar ile bu veriler arasindaki dogrusal regresyon

ve belirleme katsay1 degeri (R?)

Infrared 151k ve hipoklordz asit beraber uygulanan HaCaT
hiicre kiiltiirlinde yapilan analizler sonucunda kontrol
grubuna gore tiim gruplarda hipoklor6z asit eklemesinin
olumlu etkisi oldugu goézlemlenmistir. Buna ek olarak
infrared 151k verilen gruplarda da 10 dakika 1 defa
uygulanan grubun 48. saati ve 72. saati hari¢ diger
gruplarda belirgin bir artis oldugu gozlemlenmistir
(p=<0.05). Buna bagli olarak saatler bazinda bakildiginda
en belirgin hiicre artisin1 20 dakika 1 defa uygulanan hiicre
gruplarinda 72. saatte belirlenmistir. HaCaT hiicre
kiiltiiriinde infrared 151k uygulanmasi sonucu elde edilen
veriler Sekil 7°de gosterilmistir. Sadece infrared 151k
uygulanan HaCaT hiicre kiiltiirlinde yapilan analizler
sonucunda ise 10 dakika 1 defa uygulamasinin 72. saati,
10 dakika 2 defa uygulamasinin 24. saati, 20 dakika 1 defa
uygulamasinin  24. saati ile 20 dakika 2 defa
uygulamasinin 24. saatinde kontrol grubuna gore belirgin
bir artis gozlemlenmemistir. Bununla birlikte belirtilen
gruplar hari¢ diger uygulama gruplarinda kontrol grubuna
gore belirgin bir artig gozlemlenmistir (p<0.05). Buna
bagli olarak saatler bazinda bakildiginda en belirgin hiicre
artist 10 dakika 2 defa uygulanan hiicre gruplarinda 72.
saatte belirlenmistir.
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infrared isik stirelerine bagli ireme zaman grafigi - 1
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Sekil 7. Keratinosit hiicre kiiltiirlinde infrared 15181n
farkli uygulama siirelerinde elde edilen hiicre sayilar ile
bu veriler arasindaki dogrusal regresyon ve belirleme
katsay1 degeri (R?)

Infrared 151k uygulamasindan elde edilen verilere
bakildiginda 72. saatte hipoklordz asit ekli grupta 20
dakika 1 defa uygulamada 99.375 hiicre sayilmisken
hipoklordz asit igermeyen grupta 72. saatte 86.250 hiicre
sayilmigtir. Her iki hiicre sayimi da kontrol grubuna gore
yiiksek olmakla beraber hipoklordz asit eklenen grupta
belirgin bir artigin oldugu goézlemlenmistir. Benzer
sekilde, infrared 151k uygulamasindan elde edilen verilere
gore 72. saatte hipoklordz asit eklenmeyen grupta 10
dakika 2 defa uygulamada 99.375 hiicre sayilmisken
hipokloréz asit ekli grupta 72. saatte 84.375 hiicre
sayilmigtir. Yine iki hiicre sayiminin kontrol grubuna gore
yiiksek olmasiyla beraber hipoklordz asit eklenmeyen
grupta daha belirgin bir artig gézlemlenmistir (p<0.05). Bu
veriler sonucunda ise 72. saatte hipoklordz asit ekli grubun
20 dakika 1 defa uygulamasi ile hipoklordz asit ekli
olmayan grubun 10 dakika 2 defa uygulamasinin hiicre
sayilarinin esit oldugu gézlemlenmistir. Buna bagli olarak
hipoklordz asit ekli infrared 151k uygulama gruplarmin
kontrol grubu ile yapilan kiyaslamalarda ka¢ kat artig
gosterdigi Tablo 8’de belirtilmistir.

Tablo 8. Hipoklor6z asit ekli infrared 151k uygulama
gruplarmin gosterdikleri artis katsayilari

Hipoklor6z asit ekli infrared 151k uygulama

Gruplar 24. saat 48. saat 72. saat
10 dakika 1 defa 4,22 3,12 3,44
10 dakika 2 defa 3,44 6,88 7,03
20 dakika 1 defa 3,28 75 8,28
20 dakika 2 defa 5,78 6,41 6,72

Benzer sekilde hipoklordz asit icermeyen infrared 151k
uygulama gruplarinin  kontrol grubu ile yapilan
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kiyaslamalarda kac¢ kat artis gosterdigi Tablo 9’da
belirtilmistir.

Tablo 9. Hipoklor6z asit icermeyen infrared 151k
uygulama gruplarinin gosterdikleri artis katsayilar

Hipokloroz asit igermeyen infrared 1sik uygulama

Gruplar 24. saat 48. saat 72. saat
10 dakika 1 defa 4,84 4,53 4,38
10 dakika 2 defa 2,97 7,66 8,28
20 dakika 1 defa 2,66 6,25 7,19
20 dakika 2 defa 3,75 5,16 5,94

3.3. BJ Hiicre Kiiltiiriinde Kirmizi Isik Uygulamasi
Sonuclart

BJ hiicre kiiltiiriinde kirmizi 1s1ik ve hipoklordz asidin
beraber uygulanmasi sonucu elde edilen veriler Sekil 8’de
gosterilmistir.

Hipokloroz asit ve kirmizi isik stirelerine bagh treme
zaman grafigi - 2
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Sekil 8. Fibroblast hiicre kiiltiiriinde kirmizi 151k ve
hipoklordz asidin farkli uygulama siirelerinde elde edilen
hiicre sayilari ile bu veriler arasindaki dogrusal regresyon

ve belirleme katsay1 degeri (R?)

Kirmiz1 151k ve hipoklor6éz asit beraber uygulanan BJ
hiicre kiiltiirlinde yapilan analizler sonucunda kontrol
grubuna gore hipoklordz asit eklemesinin tim gruplarda
olumlu bir etki gézlemlenmemistir (p<0.05). Buna ek
olarak kontrol grubuna gore kirmizi 1s1k verilen gruplarda
da belirgin bir hiicre artis1 gézlemlenmemistir. BJ hiicre
kiiltiiriinde kirmizi 151k uygulanmasi sonucu elde edilen
veriler Sekil 9’de gosterilmistir.
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50000
45000

40000
35000
30000 M
25000 I ................ e 2
.......... R2-0.2736

2000 | MW 0 _; wuwl TR
15000 - I - - 1 - 1
10000 I
5000

0

10dk 1defa 10dk2defa 20dk1ldefa 20dk2defa

Hiicre Sayisi

Kontrol

Baslangic 24 A8 S T) e Linear (72)

Sekil 9. Fibroblast hiicre kiiltiiriinde kirmiz1 1g18in farkl
uygulama siirelerinde elde edilen hiicre sayilari ile bu
veriler arasindaki dogrusal regresyon ve belirleme katsay1
degeri (R?)

Sadece kirmizi 151k uygulanan BJ hiicre kiiltliriinde
yapilan analizler sonucunda kontrol grubuna gore tiim
gruplarda belirgin bir artis gézlemlenmemistir. Ancak
saatler bazinda bakildiginda kontrol grubuna en yakin
hiicre artis1 20 dakika 1 defa uygulanan hiicre gruplarinda
72. saatte gozlemlenmistir (p<0.05). Kirmuz1 151k
uygulamasindan elde edilen verilere bakildiginda 72.
saatte hipoklor6z asit igermeyen grupta 20 dakika 1 defa
uygulamada 28.125 hiicre sayilmisken hipoklordz asit ekli
grupta 72. saatte 13.125 hiicre sayilmistir. Hipoklordz asit
eklenmeyen grubun hiicre sayisi, hipoklordz asit ekli olan
grubun hiicre sayisindan fazla olmasina ragmen kontrol
grubuna gore her iki grubun hiicre sayisinda belirgin bir
artis gozlemlenememistir. Buna bagl olarak hipoklordz
asit ekli kirmizi 1g1k uygulama gruplarmin kontrol grubu
ile yapilan kiyaslamalarda kac kat artis gosterdigi Tablo
10’da belirtilmistir.

Tablo 10. Hipoklordz asit ekli kirmizi 151k uygulama
gruplarmin gosterdikleri artis katsayilari

Hipokloroz asit ekli kirmizi 1s1k uygulama

Gruplar 24. saat 48. saat 72. saat
10 dakika 1 defa 0,63 1,09 1,41
10 dakika 2 defa 0,78 1,25 1,09
20 dakika 1 defa 0,78 0,94 1,09
20 dakika 2 defa 0,78 0,94 1,09

Benzer sekilde hipoklordz asit igermeyen kirmizi 1sik
uygulama gruplarmin kontrol grubu ile yapilan
kiyaslamalarda ka¢ kat artis gosterdigi Tablo 11°da
belirtilmistir.
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Tablo 11. Hipoklordz asit igermeyen kirmizi 151k
uygulama gruplarinin gosterdikleri artis katsayilari

Hipokloroz asit igermeyen kirmizi 151k uygulama

Gruplar 24. saat 48. saat 72. saat
10 dakika 1 defa 1,09 1,25 1,25
10 dakika 2 defa 0,94 1,72 2,03
20 dakika 1 defa 1,09 2,03 2,34
20 dakika 2 defa 1,09 1,25 1,41

3.4. BJ Hiicre Kiiltiiriinde Infrared Isik Uygulamast
Sonuclart

BJ hiicre kiiltlirlinde infrared 151k ve hipokloréz asidin
beraber uygulanmasi sonucu elde edilen veriler Sekil
10°de gosterilmistir.

Hipokloroz asit ve infrared isik siirelerine bagli ireme
zaman grafigi - 2
60000

50000

o 7 I

5]
= 30000 —[[-FE.
v s R T e
o B e,
g 20000 —— - 1 ........ I 8
= _ _ _ e LI R? =0.4511
10000 .|_ I I I ------- II
0 ES
Kontrol 10dk1defa 10dk2defa 20dk1ldefa 20dk2 defa
-10000
Baslangic 24 48 T2 eeeeeens Linear (72)

Sekil 10. Fibroblast hiicre kiiltiiriinde infrared 151k ve
hipoklordz asidin farkli uygulama siirelerinde elde edilen
hiicre sayilari ile bu veriler arasindaki dogrusal regresyon

ve belirleme katsay1 degeri (R?)

Infrared 151k ve hipoklordz asit beraber uygulanan BJ
hiicre kiiltiirlinde yapilan analizler sonucunda kontrol
grubuna gore hipoklordz asit eklemesinin tiim gruplarda
olumlu bir etki gozlemlenmemistir. Buna ek olarak kontrol
grubuna gore infrared 151k verilen gruplarda da belirgin bir
hiicre artist gozlemlenmemigtir (p<0.05). BJ hiicre
kiiltiiriinde infrared 151k uygulanmasi sonucu elde edilen
veriler Sekil 11°de gosterilmistir. Sadece infrared 151k
uygulanan BJ hiicre kiiltlirlinde yapilan analizler
sonucunda kontrol grubuna gore tiim gruplarda belirgin bir
artis  gozlemlenmemistir. Ancak saatler bazinda
bakildiginda kontrol grubuna en yakin hiicre artis1 20
dakika 1 defa uygulanan hiicre gruplarinda 72. saatte
gbzlemlenmistir.
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Kullanilan infrared 151k strelerine bagl Gireme zaman
grafigi- 2
50000
45000
40000 I
% 35000 I

= 30000

3 bl T L LT PP
T 15000

N | T

10dk 1 defa

i '3...,9_;_{%1931 I

Kontrol 10dk 2 defa  20dk 1defa 20dk2defa

Baslangi¢ 24 18 T2 eeeeeens Linear (72)

Sekil 11. Fibroblast hiicre kiiltiiriinde infrared 15181n
farkli uygulama siirelerinde elde edilen hiicre sayilari ile
bu veriler arasindaki dogrusal regresyon ve belirleme
katsay1 degeri (R?)

Infrared 151k uygulamasindan elde edilen verilere
bakildiginda 72. saatte hipoklordz asit igermeyen grupta
20 dakika 1 defa uygulamada 31.875 hiicre sayilmisken
hipoklordz asit ekli grupta 72. saatte 18.750 hiicre
sayillmigtir. Hipokloréz asit eklenmeyen grubun hiicre
say1st, hipoklordz asit ekli olan grubun hiicre sayisindan
fazla olmasina ragmen kontrol grubuna gore her iki grubun
hiicre sayisinda belirgin bir artis gozlemlenememistir
(p<0.05). Buna bagli olarak hipoklordz asit ekli infrared
151k uygulama gruplarinin kontrol grubu ile yapilan
kiyaslamalarda ka¢ kat artis gosterdigi Tablo 12’de
belirtilmistir.

Tablo 12. Hipoklordz asit ekli infrared 151k uygulama
gruplariin gosterdikleri artis katsayilari

Hipokloroz asit ekli infrared 151k uygulama

Gruplar 24. saat 48. saat 72. saat
10 dakika 1 defa 0,31 0,63 0,94
10 dakika 2 defa 0,78 1,56 1,41
20 dakika 1 defa 0,78 1,09 1,56
20 dakika 2 defa 0,47 0,63 0,94

Benzer sekilde hipoklordz asit icermeyen infrared 1sik
uygulama gruplarinin  kontrol grubu ile yapilan
kiyaslamalarda kag¢ kat artis gosterdigi Tablo 13’te
belirtilmistir.

Tablo 13. Hipoklorz asit igermeyen infrared 151k
uygulama gruplarinin gosterdikleri artig katsayilari

Hipokloroz asit igermeyen infrared 1s1k uygulama

Gruplar 24. saat 48. saat 72. saat
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10 dakika 1 defa 0,47 0,78 1,09
10 dakika 2 defa 0,63 0,78 0,78
20 dakika 1 defa 0,63 1,41 2,66
20 dakika 2 defa 0,63 0,94 1,41

IV. TARTISMA [DISCUSSION]

Fotobiyomodiilasyonda ¢esitli dalga boylarinda kirmizi ve
kizilotesi 151k tedavilerinin hiicre biiylimesini arttirdigi
bircok calismada gosterilmistir [15, 16, 17]. Ayrica
hipoklordz asidin de yara iyilesmesine katkisi oldugu
bilinmektedir [13, 14, 18]. Kliniklerde ve bilimsel
arastirmalarda genellikle LED 151k terapisi ve hipokloréz
asidin hiicre hatlarindaki biyolojik etkileri ayr1 olarak ele
almmustir. Ancak LED 1s1k tedavilerinin hipokloréz asitle
beraber kullanimina iliskin bir bilgi literatiirde mevcut
degildir. Bu calismada, literatiirde belirtilen olumlu
Ozellikler dikkate alinarak tasinabilir iki adet optik
diizenek tasarlanmis olup 151k kaynagi olarak kirmizi ve
kizilotesi dalga boylarinda 1s1ma yapan LED’ler tercih
edilmistir. Calismada sirasiyla epidermis ve dermiste
bulunan, iki birincil hiicre tipi olan keratinosit ve
fibroblast hiicre kiiltiirleri, hazirlanan diizenekle kirmizi
LED 1sik ve infrared LED i1sik ile muamele edilmistir.
Kirmizi 151k, infrared 151k ve bu 1siklarla birlikte kullanilan
hipokloréz asit uygulamalarinin bu hiicrelerin iireme
hizinda meydana getirdigi degisiklikler gézlemlenmistir.
Bu kapsamda yapilan analizlerde, keratinosit hiicre
kiiltiirinde kirmizi 151k uygulamasindan elde edilen
verilere bakildiginda 10 dakika (2 defa) siiresinin 48. ve
72. saatinde kontrol grubuna gore daha belirgin bir fark
yarattig1 ve liremelerin daha hizli oldugu gézlemlenmistir.
Yapilan bir ¢alismada Fuchs ve ark (2021). Keratinosit
(HEKn) hiicrelerini 12 dakika belirli dalga boyunda
kirmizi LED 1s18a maruz birakmislardir [19]. PBM
tedavisinden 72 saat sonra hiicrenin metabolik aktivite
artig1 sergiledigini, daha onceki zaman noktalarinda ise
kontrole kiyasla metabolik aktivitede herhangi bir
degisiklik olmadigin1 belirtmislerdir. Calismamizda
kirmizi 151k uygulanan gruplara bakildiginda 10 dakika
siire ile uygulamaya maruz birakildiktan 72 saat sonra
keratinosit hiicrelerinin iiremelerinde azalma
gozlemlenmistir. Bu calisma ile verilerimiz uyum
gostermemektedir. Tki calisma arasinda mevcut farkliligin
kullanilan 151k kaynaginin giicii, hiicre kiiltiirii se¢iminde
fark ve uygulama sekline bagli oldugu diistiniilmektedir.
Yapilan benzer bir ¢alismada Courtois ve ark. (2021)
keratinosit (HaCaT) hiicre kiiltiiriine iki farkli dozda 660
nm dalga boyunda kirmizi 151k uygulamustir [20]. Calisma
sonucunda uygulanan kirmizi 1s181in  keratinositlerin
proliferasyonunu ve migrasyonunu artirdigini, PBM’in bu
hiicredeki arttirma  etkinliginin yara iyilesmesini
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destekleyebilecegini sdylemislerdir. Baska bir ¢alismada,
kornea epitel hiicreleri, mavi 151k ve kirmizi 1g18a maruz
birakilmistir.  Calisma  sonucunda  kirmizi  15181n
mitokondriyal islevi gelistirdigi ve mavi 15181n hiicrelere
vermis oldugu olumsuz etkisini kirmizi 15181n azalttigi
belirtilmistir [21]. Caligmamizda HaCaT hiicreleri lizerine
uygulanan kirmizi 151k uygulamasindan elde edilen
verilerine bakilarak g¢aligmamizin yara iyilesmesine katki
saglayabilecegini sdylememiz miimkiindiir. Vinck ve ark.
(2003) fibroblast hiicrelerine kirmiz1 1s1k ve infrared 11k
uygulamasinin kontrol grubuna goére yiiksek oranda etkisi
oldugunu bildirmiglerdir [22]. Yapilan baska bir caligmada
30 dakika siireyle kirmizi ve infrared LED 15181n
adenokarsinojenik insan bazal epitel hiicreleri, insan
osteosarkom hiicreleri ve PtK2 keseli epitel hiicrelerinde
kontrol grubuna goére cell confluency artis oldugunu
belirtmislerdir [23]. Calismamizda kullanilan kirmizi ve
infrared 15181n keratinosit hiicrelerinde 20 dakika siireyle
giinde 1 kez uygulamadan elde edilen veriler bu ¢calismalar
ile uyum gostermektedir. Fuchs ve ark. (2021) kirmiz1 ve
infrared LED 1s18a maruz birakilan fibroblast (HFF1)
hiicrelerinde 72 saatten sonra belirgin bir artisin oldugunu
belirtmislerdir [19]. Calismamizda hem kirmizi ve hem de
infrared 1518a maruz birakilan fibroblast hiicrelerinde bir
artig gozlemlenmemistir. Verilerimiz ile bu ¢aligma uyum
gostermemektedir. Yapilan bagka bir caligmada 151k
kaynag1 olarak LED kullanilarak iki cesit keratinosit
hiicreleri 5 dakika kirmiz1 151k ve infrared 11k ile muamele
edilmistir ancak mukozal kolonilerin sayisinda etkisiz
oldugu bildirilmistir [24]. Caligmamizda keratinosit hiicre
grubuna kirmizi ve infrared uygulanmasindan elde
ettigimiz verilere baktigimizda bu ¢aligma ile sonuglarimiz
uyum gostermemektedir. Fotobiyomodiilasyon
uygulamalarinda, hiicrelerdeki biyolojik yanitlar birgok
parametreye baglidir. Uyarict yanitlarin 1518in  dalga
boyuna, 1simlanmanin zamanina ve uygulama sayisina
bagl oldugu ve ¢oklu 1sinmalarin kiimiilatif etkiye neden
olabilecegi soOylenmektedir [25, 26]. Calismamizda
keratinosit hiicre kiiltiiriinde infrared 151k uygulanan
gruplara gore kirmizi 151k uygulanan gruplarda daha etkili
sonuclarin  alindigt  gézlemlenmistir.  Ayrica ayni
hiicrelerde  uygulamalardan elde edilen verilere
bakildiginda giinde tek bir uygulama ile giinde iki kez
uygulama arasinda farkliliklar gézlenmistir. Giinde iki kez
uygulamaya tabi tutulan hiicrelerde daha belirgin bir artis
tespit edilmistir. Bu sonuglardan yola ¢ikarak kullanilan
1sinlarmn dalga boyunun, uygulama siiresinin ve sayismin
hiicre biiylimesi rol oynadigini, ¢alismamizin bu bilgileri
destekledigi goriilmektedir. Haina ve ark. (1982) kirmizi
1s5181in uygulandigi  yarada graniilasyon dokusunun
kontrole gore % 25 artirdigini belirtmistir [27]. Yapilan
baska bir ¢alismada Silveria ve ark. (2016) sigan iizerinde
yaptig1 calismada yanik yarasi tizerine kirmizi ve infrared
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151k uygulamustir [28]. Deney sonucunda infrared 1s18in
enflamatuar yaniti azalttigim1 ve yara onariminda etkili
oldugu rapor edilmistir. De sousa ve ark. (2013) sican
tizerinde olusturduklart kesi yarasimi kirmizi 1sik ile
muamele etmislerdir [29]. Elde ettikleri kantitatif
sonuglarin anjiyogenezi stimiile ettigini belirtmislerdir.
Benzer bir ¢alismada Corazza ve ark. (2007) kirmizi 15181n
anjiyogenez etkisini gozlemlemigler ve yara onariminda
anjiyogenez artigt oldugunu sdylemislerdir [30]. Yapilan
baska bir calismada Bastos ve ark. (2009) sicanlarda yara
iizerine uyguladiklar1 kirmizi ve infrared 1518in kollojen
fiber tretiminde etkili oldugunu belirtmiglerdir [31]. Bu
calismalarda kirmizi ve infrared 1s181n olusturdugu
biyolojik etkilerin yara iyilesmesine katki sagladigi
goriilmektedir. Calismamizda hiicrelerde olusan biyolojik
etkiler konumuz olmadigi igin ¢aligilmamigtir. Ancak
uyguladigimiz kirmizi ve infrared 15181n keratinosit hiicre
iiremelerinde artigin goriilmesi yara iyilesmesine katki
saglayabilecegini gostermektedir. Calismamizda
keratinosit ve fibroblast hiicrelerinin kontrol gruplarina 2
ppm hipoklordz asit eklenmistir. Keratinosit hiicrelerinde
hipokloréz asit eklenmeyen kontrol grubu ile
karsilastirildiginda  hiicrelerin ~ iiremelerinde  azalma
meydana gelmistir. Fibroblast hiicrelerinde ise hipokloroz
asit eklenmeyen kontrol grubuna goére hiicrelerde artig
gbzlenmistir. Odom ve ark. (2019) dort hastanin kronik
yaralar1 tizerini hipoklordz asit ile muamele ettiler ve cilt
tahrisi olmadan yaranin Onemli oOlgiide iyilestigini
belirtmislerdir [32]. Yapilan bir ¢alismada Sakarya ve dig.
(2014) scratch yontemini kullanarak stabilize HOCI
solisyonunu keratinosit ve fibroblast hiicrelerine
uygulamistir  [33].  Stabilize HOCI soliisyonunun
fibroblast migrasyonunu diisiik dozda arttigin1 ve yiiksek
dozda azalttigini belirtmistir. Keratinosit hiicrelerinde ise
doza baghh bir sekilde 24 saat sonra bir artis
gozlemlemiglerdir. Stabilize HOCI ¢6zeltisinin hiicrelerde
gozlemledikleri sonucglarin yara iyilesmesini artirdigini
belirtmislerdir. Calismamizda fibroblast hiicrelerinde
olumlu yonde gozlemledigimiz degisim bu c¢aligmayla
uyum gostermektedir. Tran ve ark. yapilan ¢alismalarda
hipoklordz asidin yara iyilesmesi ve antimikrobiyal agidan
disik dozun umut verici oldugunu belirtmistir [12].
Calismamizda keratinosit hiicrelerinde hipokloréz asit
eklenen grupta gozlemledigimiz azalmanin uygulama
dozundan kaynaklandigi  disiiniilmektedir.  Ayrica
calismamizda uygulanan hipoklordz asit ve kirmizi 151k ile
infrared 151k uygulamalarmin bir arada oldugu caligma
literatiirde gozlemlenmemekle beraber keratinosit hiicre
kiiltiiriindeki ¢alisma verilerilerimize bakildiginda kontrol
grubunda hipoklordz asit tek basina istenen etkiyi
gosterememis olmasmna karsilik, 151k uygulamalariyla
beraber bakildiginda belirgin bir farklilik olusturdugu
gbzlemlenmistir.
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V. SONUC [CONCLUSION]

Yaralanma, gilindelik yasamda insanlarin sik karsilastigi
saglik sorunlar1 arasinda yer almaktadir. Giiniimiizde
yaranin bakimi ve tedavisi igin pek ¢ok yontem mevcut
olmasina ragmen yashh niifusun artmasi, kronik
hastaliklarin artmasi, saglik kuruluslarma uzak yasayan
insanlarin saglik hizmetine ulasamamasi ve saglik
harcamalarindaki artislarin olmasi, tedavide hem hastalara
hem de saglik kuruluslarina zorluklar olusturabilmektedir.
Genel olarak yara bakiminin hasta agisindan yipratici ve
hastaneye bagimli yapisinin degistirilmesi
hedeflenmelidir. Bu amagla, teletip yaklasimi igerisinde
bircok teshis yaklasiminin evde saglik kapsaminda
uygulanmaya basladig1 ve yayginlastigi
gozlemlenmektedir. Yara tedavisi gibi uzun soluklu bir
tedavi silirecinde hastanin kendi basina uygulayabilecegi
cevre dostu teknolojilerin kullaniminin yayginlagmasi
hem hastanelerde yigilimin azalmasi hem de ekonomik
acidan etkisi olacagi diislincesi ile yayginlastiriimasi
onemlidir. Bu calismada, hipoklordz asit ile birlikte
belirlenen siirelerde kirmizi 151k ve infrared 151k
uygulanarak iki farkli hiicre kiiltiiriiniin tireme sayisindaki
degisikliklerin gozlemlenmesi ve en fazla {iremeyi
saglayan parametrelerin tespit edilmesi hedeflenmistir.
Calismadan elde edilen verilere bakildiginda sadece
keratinosit hiicre kiiltiiriinde olumlu yonde bir artis oldugu
tespit edilmistir. Buna bagli olarak hipoklordz asidin
varlig1 durumunda toplam 6 adet uygulama ile sadece LED
1siklarin verildigi 6 adet uygulamanin iyilesmeye katki
saglayacagl gozlemlenmistir. Bu uygulamalar arasindan
hipoklordz asit ve kirmizi 15181n 10 dakika (2 defa) siire ile
diger uygulamalara kiyasla iyilesmeye daha fazla katki
yapacagl disiiniilmektedir. Hastalarin yasam kaliteleri
yaralarda teshis ve tedavi sireglerinin daha hizli
gerceklestirilmesi ile dogru orantili olarak artmaktadir ve
teletip yaklasiminin bu siiregleri daha hizli bir sekilde
sonuclandirilabilecegi kanaati olusturmustur. Caligmanin
bundan sonraki asamalarinda endiistriyel prototip
yapilmast ve etik kurul alinarak hastalarla calisma
yapilmasma yonelik asamalarin hayata gecirilmesi
hedeflenmektedir.
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HIGHLIGHTS GRAPHICAL ABSTRACT

»The study explais the The evolution of mechanical properties, microstructure and their stability after different
importance of thermomechanical treatment of an AA6061 heat treated industrial to T6 condition alloy processed
thermomechanical by cold working were studied by tensile tests and analyzed by optical microscope. It is shown that
treatment a ultrafine-grained structure in alloy 6061 can be formed already after two cycles of treatment by

= The study explains the cold working. Along with grain refinement, in the process of a CW treatment there occurs in the
relationship between alloy a dynamic strain aging, which results in the formation of fine particles of a strengthening. It

mechanical properties and
microstructure

= Dependence of yield stress
and  ultimate  tensile
strength  on grain size
accords with Hall-Petch
equation.
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has been established that the alloy in the UFG state demonstrates a considerably higher level of
strength and better plasticity in comparison with the material after a standard strengthening
treatment. Cold work by compression high pressing (CW-CHP) can be applied in several cycles
depending on the hardening behavior of the material. The influence of the nonmetric size of the
grains produced by the (CW-CHP) of a cylindrical rolling machine with four passes of sever
plastic deformation with different reduction ratios
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Figure A. Evolution of mechanical properties undre cold work processing

Aim of Article : evaluation of mechanical properties of AA 6061 T6 thermo mechanically treated
by cold working.

Theory and Methodology: Principal of cold working, tensile tests and microscopic observations
were presented in the work.

Findings and Results: Results are summarized in Figure A of the ectended abstarct
Conclusion : The use of cold working as a method of sever plastic deformation, made it possible

to obtain a uniform UFG structure at the first and second cycles of mechanical treatment at room
temperature.
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The study explains the importance of thermomechanical treatment

The study explains the relationship between mechanical properties and microstructure

The highest strengths (about 305 MPa) and yield stress (278 MPa) are resulted at the second cycle of cold working.
Dependence of yield stress and ultimate tensile strength on grain size accords with Hall-Petch equation.
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I. INTRODUCTION

Nano scale grain size reduction (Ultra-fine grain) is one of three suitable methods for
improving the mechanical properties of 6000 series aluminum alloys, by structural
precipitation, strain hardening or by cold work hardening. For the cold working, several
techniques are now available such as (Equal channel angular pressing with parallel channels),
(Equal Channel Angular Extrusion), (Torsion under High Pressure), (Mechanical Milling),
(Accumulative Roll Bonded), (Cold Working). Cold work by compression high pressing (CW-
CHP) can be applied in several cycles depending on the hardening behavior of the material.
The influence of the nonmetric size of the grains produced by the (Cold working-compression
haute pressing) of a cylindrical rolling machine with four passes of Sever plastic deformation
with reduction ratios of (3.5, 10,18.8 and 28%), on the mechanical behavior of the alloy 6061
T6, was analyzed by determining the ultimate tensile strength (Rm), yield strength (Rp0.2, the
strain hardening capacity SHC (Rm-Rp0.2), the work hardening coefficient n', the modulus of
‘work hardening K' . The increase in the rate of work hardening by the reduction of the sample
sections and consequently the reduction of the grain size at the first and the second pass,
improves the mechanical properties of the alloy to the maximum values, and then the presence
of crack initiation participates to the moderate decrease of the mechanical properties.

Keywords: AA 6061T6, Cold working, Ultrafine grain, Mechanical properties, Sever plastic
deformations

the intermetallic particles then a water quench to freeze
the SSSS state, this primary cycle must be followed by a
second cycle of artificial maturation at 180°C for 8

Aluminum alloys are widely used for the manufacture of
high-strength structures with minimum weight as the
aeronautical, automotive and marine fields. The 6000
alloy of the Al-Mg-Si system is characterized by a very
good formability and a medium resistance but it is
suitable for thermal and thermochemical treatments [1].
The purpose of the heat treatment is to increase the
mechanical performance by applying a solution cycle at
520°C followed by isothermal hold in order to dissolve

hours to activate the precipitation phenomenon when
arriving at the stable Mg.Si state according to the
sequence: [2-4]
0(SSS) — GPZones— P"needle shaped —p'rodlike
—Pplates (MgzSi) .
SSS denotes “supersaturated solid solution”, GP denotes
“Guinier-Preston”, metastable B
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precipitates with needle shaped forms, metastable B’
precipitates with rodlike forms and stable 3 phase.

The improvement of the mechanical properties of the
AA 6061 alloy already treated to T6 condition, by the
reduction of the grain size to the Nano metric scale
(Ultra-fine grain "UFG") has attracted the attention of
several studies.

Several techniques are used to generate the UFG
structures, such as Equal channel angular pressing with
parallel channels (ECAP-PC) [5,6], Equal Channel
Angular Extrusion (ECAE) [7], Accumulative Roll
Bonded (ARB)[ 8, 9], Mechanical Milling (MM) and
Cold working-compression high pressing (CW-
CHP)[10], all these techniques use the same
phenomenon of hardening which is an important
parameter for expressing the élastoplastique behavior of
materials, particularly for their shaping by plastic
deformation (PD). It participates in the evolution of the
crystallographic texture of the material and the
accumulation of dislocation energy during deformation.
Work hardening generally results in a hardening of
metals. The hardening laws are presented as well as the
evolution of the microstructure by recrystallization.
They used several models to describe strain hardening
such as Hall Peach's relationship (1) and Hollomon's
equation (2):

Reo 2= co+k/dY?2 (1) [11]
Where d is the average grain size.
Rpo = K.E 2 [12]

Cold working by high radial pressure is a successful
severe plastic deformation (SPD) technic to produce
ultrafine grained (UFG) metals and alloys, without any
limitations that restrict its application under conditions
of industrial production for obtaining UFG aluminum
semi-finished products.

Haneen M. Saud and Mohammed A. Abdulrazzaq [13]
investigated the influence of cold working by peening
and burnishing process on AA2024 T4 ,different times
of peening were used to analysis the effect of time on
mechanical properties .the result showed that the fatigue
strength, the hardness and the roughness improved with
increase the time of peening until certain value of time.
Marta Harni“carova et al. [14] confirmed that the
refinement of the microstructure after processing by the
ECAP method on an aluminum alloyAlMgSi0.5 is the
reason for the changes in mechanical properties.
Abdulrahaman Shuaibu Ahmad et al. [15] investigated
the effect of residual stress generated by manufacturing
process and they confirmed that the cold working
compression reduces the residual stresses significantly
and efficiently based on the compression ratio used for

an aluminum alloy 2219 sample. The 2 % compression
ratio is observed to have the highest percentage of
residual stress reduction.

The aim of this work is to present a technique that
combines the two treatments, thermal and mechanical,
in order to improve the mechanical properties of the AA
60661 T6 alloy as much as possible.

Il. MATERIALS AND METHOD

The material used in this investigation is an industrial
6061 Aluminum- Magnesium-Silicon alloy. The
Chemical composition as determined by EDS is shown
in Table I. The material was supplied in the form of a bar
with 16 mm as diameter in a T6 condition. This
condition is achieved by the following combination of
operations: solution treatment at a temperature of 520 C
for 8 h, followed by quenching in water (20 °C) and
aging treatment at a temperature of 180 -C for 8 h.

Table I. Example Chemical composition of the base material
AA 6061 aluminium alloy (wt. %).
Al Mg Si Cu Mn Fe Cr

Balance 0.82 0.47 0.17 0.06 0.19 0.03

In order to study the influence of various sequences of
cold working on mechanical properties of AA6061 T6,
different series of mechanical treatments were utilized,
at room temperature, as illustrated in Figure 1.

gV

Figure. 1. Scheme of the CW treatment.

A mechanical treatment by radial pressure parallel to the
axis of extrusion of the samples is applied by a rolling
mill with a diameter of 200 mm in order to generate cold
radial pre-deformations (CW), and also to reduce the
size of the grains superficially as indicated in Figure 2,
according to the principle cold working. Four
compression passes are applied which allows us to make


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

¢ I\A JOURNAL OF SCIENCE, TECHNOLOGY AND ENGINEERING RESEARCH 33

a7 1D
V\j J ISSN : 2717-8404 https.//dergipark.org.tr/en/pub/jster

a passage from diameter 16 to diameter 12 x 12 mm?,
with a surface reduction rate presented in table I1.
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Figure. 2. Ultrafine grain generation by cold working.

Table I1. Area reduction rate.

Round bar (16 mm od diameter)
Height of arc (reduction) mm 0.5 1 1.5 2
Area reduction rate % 35 10 18.8 28

Some strips were cut from cold worked bars AA6061T6
in rolling direction. Tensile test specimens were then
prepared from all the strips according to ASTM E-8
specifications (Figure 3) in rolling direction. The gauge
length of specimens was 90 mm. Tensile tests were
performed, at room temperature, with a deformation rate
of (de/dt=10" s%) and crosshead speed of 2 mm.min,
with loading direction parallel to the working
direction by using hydraulic testing machine. Nominal
stress- strain curves and data were analyzed and yield
strength, tensile strength and elongation of different
thermal-mechanical samples were compared.
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Figure. 3. Tensile test specimen "all dimensions in mm".

I1l. RESULTS AND DISCUSSION

Data and representative tensile engineering stress-
strain curves of the AA 6061 T6 (reference for
comparison) and cold worked, from one to four
cycles, samples can be seen in Figure 4 and Table
I11. The results show that with increasing number of
cold working cycles, a proportional successive
improvement of the yield stress and ultimate tensile
strength accompanied with the decrease in
elongation and remarkable changes in its
microstructures.
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Figure. 4. The Engineering stress-strain curves of 6061
alloy after CW-CHP processing and conventional heat-
treatment to T6 condition.

After the first and second cold working cycles, there was
formed a substructure (Figure 5), which contains an
increased dislocation density; this structure ensures a
considerable increase in the strength characteristics of
the material in comparison with the initial T6 condition.

Table I11. Mechanical properties of the aluminum alloy
6061T after CW processing at room temperature.

Treatment UTS YS % SHC n' K
condition MPa MPa MPa
AA 6061 T6 285 245 13 40 0,06 340
AA 6061 T6,
3.5 % CW 296 263 6 33 0,03 328
AA 6061 T6,
10 % CW 305 278 4,5 27 0,02 330
AA 6061 T6,
18.8 % CW 291 256 9,7 35 0,04 331
AA 6061 T6,

28 % CW 288 250 11,5 38 0,05 335

In this case, the material demonstrates very high
characteristics of plasticity (stress hardening capacity
SHC= 40 MPa) and Strain hardening exponent (n'=
0.06), (Table II). The formation of a mixed structure,
after the first and second cycles, which contains both
fragmented and ultrafine grains (Fig. 5), ensures both a
further increase in the strength characteristics and a
certain decrease in plasticity. These results are on total
concordance with the results of [13].
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Figure. 5. Micrograph of different zones generated at the
first and second cold working cycles.

The effect of the third and fourth cycles of cold working
on the cross section of an AA6061 T6 specimen is
presented in Figure 6, the presence of the sever plastic
deformed zone always contributes to the improvement
of the properties mechanical compared to the initial
state, but the appearance of the initiation crack zones
participate to the reduction of the mechanical properties
of the alloy.

Crack initiation zones

2 TR '7' . g
~ x#' Co l'" .“ :"f\'\‘ o Ar - i
Modified texture zones

Figure. 6. Micrograph of different zones generated at the
third and fourth cold working cycles.
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IV. CONCLUSION
Cold working has been outlined as one of the possible
ways to improve the mechanical properties of the AA
6061 T6 alloy within the studied ageing temperatures
and times.

The use of cold working as a method of sever plastic
deformation, made it possible to obtain a uniform UFG
structure at the first and second cycles of mechanical
treatment at room temperature.

The increase in the rate of work hardening by the
reduction of the sample sections and consequently the
reduction of the grain size at the first and the second
pass, improves the mechanical properties of the alloy
"increase of the mechanical resistance and the yield
strength and decrease the ductility".

The 6061T6 alloy after four cycles of cold work
processing exhibits a combination of further plasticity
(SHC of 38 MPa) and certain increase in strength, which
is very attractive for its future application.

Exaggerated increase in the work hardening rate at the
third and fourth pass localizes the deformation by
deterioration of the deformed bands and generates crack
initiations which participate consequently in the
reduction of the mechanical properties and redirects the
mechanical behavior towards the initial state T6.

At the third and fourth number of cold working cycle,
the elongation to failure increases from 4,5 % at the
second cycle, 9,7 % at the third cycle then to 11,5 % at
the fourth cycle, The mechanism of fracture is changed
from brittle to ductile.
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GRAPHICAL ABSTRACT
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Aim of Article: The purpose of this research is to contribute in reviewing the State-of-the-Art
techniques for power flow analysis thereby highlighting the most effective techniques for
implementation.

Theory and Methodology: PFA plays a leading role in advanced energy management systems
application which include contingency analysis, state estimation, reliability assessment and
optimal power flow. Calculations of PFA are made by characteristic values of various
components such as busbars, generators, power lines and transformers on power system

Findings and Results: The State-of-the-Art methods of PFA were reviewed and, from the results
contained in the reviewed papers, the methods showed superior performance over the classical
ones.

Conclusion : This paper presents a review of the State-of-the-Art Techniques for PFA in
comparison with classical methods. The State-of-the-Art Techniques were found to be more
effective and therefore more suitable for application.
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A Review of State-of-the-Art Techniques for Power Flow Analysis (PFA) which are newly
proposed is presented in this paper. However, some of the existing classical methods for
the Power Flow Analysis such as Newton-Raphson method, Gauss-Seiadel method, and
Fast Decoupled Power Flow Technique were also discussed so as to give a background
and a wider view of the improvements recorded so far. From the findings, State-of-the-
Art Techniques such as Particle Swamp Optimization Algorithm for optimal Power Flow
Incorporating Wind Farms, Hybrid Firefly and Particle Swamp Optimization Algorithm,
Mann Iteration Process Technique for I11-Conditioned System, and Modified Gauss-
Seidel (MGS) method have shown superiority over and above the existing classical
methods when it comes to accuracy, convergence speed and overall efficiency.
Particularly, there are two newly proposed methods for dc grids namely Direct Matrix—
Current Application and Direct Matrix-Impedance Approximation methods that stand
out as regards accuracy, convergence and computational speed which means they can
be used in planning, optimization and analysis purposes. Furthermore, MGS was
validated using a 6-bus system in 3 cases. Each case had less than 25 iterations and the
maximum voltage magnitude, phase angle and system frequency error in all the cases
studied were less than 0.01%, 0.1% and 0.001% respectively.
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power supply generation for economic operations [1].

I. INTRODUCTION

The importance of Power Flow Analysis (PFA) in power
system cannot be over emphasized. Its role is very
fundamental in the various advanced energy
management  systems application that include;
contingency analysis, state estimation, reliability
assessment and optimal power flow especially that, in
recent times, the growth of electric utilities is rampant
hence, the need for cost effective, secure and reliable

Power flow analysis entails reducing to a minimum
level, the real APi and reactive AQi power residuals
mismatches in a power system, so that the voltage
magnitude and phase angle solutions are accurate [2].
Calculations of PFA are made by characteristic values of
various components such as busbars, generators, power
lines and transformers on power system [3]. To reduce
complexity and increase computational speed, digital
computer has been used for nearly five decades in
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solving the power flow equations however, there is still
problem of solving certain typical power system network
— despite a recorded substantial progress. This is due to
the adherence to nonlinearity and operating constraints
of the system [4]. For a large-scale power system
particularly, due to the nonlinearity, an analysis of AC
power flow can be computationally intensive in
multistage, or online applications [5]. Also, the inherent
nonconvexity power flow could make the optimization
intractable when involved in optimization-based
applications [5]. As interconnected power systems are
expanding in recent years, the complexity in handling
AC PF has become one of the binding factors for power
system analysis and optimization [5]. Some of the
widely used classical methods of solving the nonlinear
PF equations include Newton-Raphson method, Gauss-
Seidel method, Fast Decoupled method, etc. However,
more functional evaluations are required during each
iteration which is a limitation. Another limitation
associated with these methods is that they may converge
to a root different from the expected one or even diverge
if the starting value is not close enough to the root.
Therefore, the new state of the art methods of PF
analysis is discovered to generally give better results
than the classical methods and give the power the room
to flow perfectly, fitting the new grid changes like
Decentralized Generation (DG) [6]. These State-of-the-
Art methods include Direct Matrix-Current Application
(DM-CA) and Direct Matrix-Impedance Approximation
(DM-IA) [5], Particle Swamp Optimization (PSO)
Algorithm for Optimal PF Incorporating Wind Farm [6],
Hybrid Firefly and Particle Swarm Optimization
(HFPSO) [7], Artificial Neural Networks (ANNS) [8],
Quasi-Oppositional Heap-Based Optimization
(QOHBO) Technique [9], Three Stage Semi-Implicit
Approach (3S-SIA) [10], Mann Iteration Process (MIP)
For Ill-Conditioned System [11], Hybrid of Current-
balance and Power-balance formulation using
Rectangular Coordinates (HCPB) [12], Modified Gauss-
Seidel (MGS) [13], Batched Fast Decoupled Method
[14], Newton-Raphson Load Flow Analysis in Power
System Networks with STATCOM in New Approach
[14] and so on. This paper will therefore, focus on these
state-of-the-art techniques.

Il. CLASSICAL METHODS OF POWER FLOW
ANALYSIS

Finding the voltage magnitude and phase angle of each
bus, when power is generated, and loads as pre-specified
is the major consideration in power flow studies. And to
that extent, the buses are classified as load bus (P-Q bus),
generator bus (P-V bus) and slack bus (swing bus) [4].

Power flow system outputs are voltages at various buses,
network line flows as well as losses in the system. The
outputs are determined by resolving nodal power
equations which are non-linear. This is where classical
methods of power flow analysis, which are iterative, like
Newton-Raphson, Gauss-Seidel and Fast-Decoupled
techniques are employed to resolve these equations.

A. Slack Bus

This is a special generator bus serving as the reference
bus. Its voltage is assumed to be fixed in both magnitude
and phase, for instance 1 < 0° pu.

B. Load (PQ) Bus

It is a bus at which the real and reactive power are
specified, and for which the bus voltage will be
calculated.

C. Generator (PV) Bus

This is a bus at which the magnitude of the voltage is
defined and is kept constant by adjusting the field current
of a synchronous generator.

D. Newton-Raphson

It is one of the classical methods of PFA. It is used to
find solution to equations of f(x) = 0 forms by iteration.
After determining an interval [a,b] that contains a single
root, Newton Raphson is applied. The method is about
substituting the curve y = f(x) for the tangent to the curve
itself, starting from any point. After a number of
iterations, the recurrence relation of the method is given
by the following expression [6].

Xn+1 = Xp - f(xn)/ f’(xn)

However, when looking for a solution that is too far
away from the considered interval, sometimes, Newton-
Raphson may fail to converge [6].

E. Gauss-Seidel

This is another iterative method also used to solve the
power flow equations. Recall that:

Ibus = Ybus * Vbus (A)

The current I, of k-th of the I, is written in a less
compact form as;
Ik=%n=1 Yin. Vu (A)

The complex power can be written as:
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Sk =P +jQy =Vi . I (A)

And when the current is expressed as a function of I,
we have

Iy = (Px + jQIVi (A)
And finally, we have:

Vie = Wiae[(Pe + jQOIVE - (k2T Yien - Vo +
Yh=k+1  Yin - V)1 (V)
Withk=1,2,...... , N nodes. This expression links V;,

(Vi + jVi;) with the active and reactive power of the
individual bus and is the solving equation underlying
the Gauss-Seidel method [6].

However, the Gauss-Seidel method has a slow
convergence where the convergence speed has the same
order of magnitude as the number of busbars.

F. Fast-Decoupled Power Flow Technique

This method includes two steps; (1) decoupling real and
reactive power calculations; (2) obtaining of the
Jacobian matrix elements directly from the Y-bus.

I1l. STATE-OF-THE-ART METHODS OF
POWER FLOW ANALYSIS

In the previous section, we have seen how classical
methods use iteration to solve power flow equations,
which could be for AC or DC systems. Despite the fact
that the methods are used on DC grids, they are
originally used in power flow studies for AC networks.
However, among the new methods developed for PFA,
two new methods for dc grids were developed and
compared with the classical methods, they perform
better as regards convergence, accuracy and
computational effort needed. These methods are Direct
Matrix-Current Application (DM-CA) and Direct
Matrix -Impedance Approximation (DM-IA) [7]. Other
new PFA methods are also discussed in this section.

A. DM-CA And DM-1A

Table 1 shows comparison of various PF techniques as
applied to IEEE test feeder. Accuracy is defined as a
Root Mean Square Error (RMSE) with regard to the
actual solution of the power flow problem and the
desired convergence tolerance €. The average number of

iterations, RMSE, and computation time average are also
contained in the Table.

Table 1. RMSE, average iterations and computation
time needed for various PF techniques

Simulation Convergence Tolerance, € = 107° [7]

Method RMSE Average  Average
[p.u] Iterations Time [s]

Gauss-Seidel 0.000189 367 2.87

Newton- 1.1*107° 2.74

Raphson 0.0445

Backward- 3.0107° 2.88 0.109

Forward

DM-CA 2.9*107° 2.87 0.0031

DM-1A 2.7%107 14 2.00 0.0175

Quadratic 5.3*10715 N/A 240

Solver

Optimization 4.1*%10710 200 954

Problem

B. Particle Swarm Optimization (PSO) Algorithm for
Optimal Power Flow Incorporating Wind Farms

One of the population-based optimization strategies is
particle swarm optimization (PSO). In 1995, Dr.
Eberhart and Dr. Kennedy created and developed this
optimization approach. The social nature of fish
schooling or bird flocking inspired this optimization
strategy. The PSO was applied to a modified IEEE 30
bus system in which buses 11, 13, and 15 were replaced
by a wind farm, and the results suggest that this
technique may be used to solve any power flow problem.
In comparison to Newton Raphson, it outperformed it

[8].

C. Hybrid Firefly and Particle Swarm Optimization
Algorithm (HFPSO)

This algorithm was created by Ibrahim Berkan Aydilek.
The HFPSO method combines the Firefly Optimization
(FFO) and Particle Swarm Optimization (PSO) [8]
techniques to improve exploration and exploitation
tactics to accelerate convergence[8]. To validate the
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algorithm's validity, a normal IEEE 30-bus test network
was used, and it was discovered that the approach
provides a good tool for dealing with OPF difficulties in
power networks.

D. Artificial Neural Networks (ANNS)

Having the ability to learn complex non-linear input and
output relationship is the main characteristic of neural
networks where they use sequential training procedures
and adapt themselves to the data application [10]. ANNs
are generally a parallel computing system in massive
form that consists of an extremely large number of many
interconnections of simple processors [10]. Their
models ideally try to use some organizational principles
like learning, generalization and computation in a
network of weighted graphs whereas the nodes are in the
form of artificial neurons and directed edges are
connections between neuron inputs and outputs [10]. See
Figure 1.

Weights

Output

Activation
function

Fig. 1: An Acrtificial Neuron

E. Quasi-Oppositional
(QOHBO) Technique

Heap-Based Optimization

Modern power flow analysis techniques are designed to
satisfy the increasing demand of power system by
making analysis faster, detailed and more reliable, one
new approach proposed utilizes the concept of quasi-
oppositional learning to augment the speed of
convergence by applying it to HBO (Heap-Based
Optimization). Basetti in his research [11] proposed this
method to ameliorate the convergence speed of PF
iteration, as a derivative-free method. In this research,
the QOHBO power flow technique is applied to a
standard IEEE and ill-conditioned systems to test the

effectiveness of the technique. The algorithm of this
technique was validated when loaded to its maximum
limit at high R/X ratio. The results obtained showed that
the QOHBO power flow technique has less computation
time, further enhanced reliability in the presence of
photovoltaic generator (PVG) and could provide
multiple PF solutions that can be utilized for voltage
stability analysis. When compared to other well-known
method, the robustness of the algorithm outperformed its
counterparts.

F. Three (3) Stage Semi-Implicit Approach (3S-SIA)

Power-Flow (PF) problem has been customary solved
using the classical Newton-Raphson technique (NR).
These old methods are quite efficient for managing well-
conditioned systems. Oppositely, NR finds multiple
convergence issues in ill-conditioned systems. Power-
Flow Analysis in a practical large-scale ill-conditioned
system, is too complex and challenging for most
available techniques. Marcos Tostado in his paper [12]
tackles this issue by developing the Three Stage Semi-
Implicit Approach (3S-SIA as) a novel efficient and
robust PF method. This technique uses a Semi-Implicit
approach but combines other numerical arrangements
for improving its robustness and efficiency. The 3S-SIA
is efficient in the sense that it requires just a matrix
factorization in each iteration, resulting in similar
computational burden when compared to NR. The result
obtained proved that 3S-SIA is remarkably more robust
than NR. Nevertheless, there are still some gaps in this
method because the references in this paper do not
provide comprehensive theoretical analysis about
convergence properties of semi-implicit approaches.

G. Mann lIteration Process (MIP) Technique for lll-
Conditioned System

A wide-ranging theoretical analysis is provided, from
which it has been demonstrated that the Mann Iteration
Process with asymptotic stability may achieve a high
convergence rate. It also constitutes highly robust
methodology, improving the properties of the Newton-
Raphson method. In all cases, the results obtained with
the Mann Iteration Process are superior to that obtained
using other classical methodologies, being able to
efficiently solve various large-scale ill-conditioned
systems [13].

H. Current - Balance Technique
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The most widely used power flow analysis formulation
is the power balance formulation [14]. In the power
balance form, the summation of power injected and
absorbed at each bus and by the network respectively,
must be equal to zero [14]. However, evaluation of the
Jacobian matrix is main computational drawback of the
power balance form. Therefore, the current-balance is
used at each bus, in place of the power-balance which is,
essentially, Kirchoff’s current law [14]. Thus, the
proposed current-balance power-balance technique
approach is the expression in rectangular form, the
variables of the combination of current balance
equations for PQ buses, power balance equations and
voltage magnitude constraints equation for the PV buses
[14].

I. The Modified Gauss Seidel (MGS)

For application in an islanded microgrid, the Gauss-
Seidel method requires some modifications [15]. These
include calculation of the system frequency and
variables of all the buses [15]. Also, in the iteration
procedure, the Ybus needs to be included since it’s the
function of the system frequency hence, changes after
every iteration. More so, the system losses need to be
distributed among the DGs [15]. A 6-bus system is used
to validate the proposed technique with the parameters
of the systems given. Within the three cases studied,
there were less than 25 iterations for each case. Also, the
maximum voltage magnitude, phase angle and system
frequency error in all the cases studied were less than
0.01%, 0.1% and 0.001% respectively [15].

J. Batched Fast Decoupled Method

There is a significant increase in computing time of load
flow problem due to its massive growth, and as a result,
its application in many real time analyzing tools has been
limited [16]. Therefore, to improve its performance, a
parallel computing strategy must be utilized with state-
of-the-art devices so as to accelerate the computations
[16]. So, a massive load flow problem can be solved by
processing severally or independently on CPU, hence,
the design of the proposed GPU — accelerated batched
decouple solver [16]. This technique concentrates on the
calculation of the imbalanced load of the forward and
backward substitutions (FS/BS) and their solution using
fixed coefficient matrices [16]. Furthermore, the
proposed solver, achieves a speed up of 24.17x for
13659-bus system by discovering the parallelism of
massive load flows and a single load flow compared with
implementation on CPU [16].

K. A New Approach Newton-Raphson Load Flow
Analysis in Power System Networks with STATCOM

Newton Raphson is the most reliable classical method of
power flow analysis because of its fast convergence
speed, and accuracy [17]. However, as the power system
is expanding, so is the dimension of load flow equations
growing from several thousands, very fast, to tens of
thousands. This, compelled the interested researchers to
continue seeking for the methods that can efficiently
tackle such problems. Therefore, STATCOM is one of
the most useful devices for improving quality of the
power in electrical power system due to its quick voltage
regulation, transient stability improvement and variable
reactive power compensation [17].

The equation for the i™ bus with STATCOM is rewritten
as follows [17]:

Si = (Pui + jQu) + (Psi +jQsi) 1)
Pi=PLi +Psi, Qi=Qu + Qs
@
Isi= (Psi - jQsi)/Vi
3)
Vsi= Vi — siZsi
4)

L. Generalized Hopfield Neural Network

A fixed weight is used in formulating this proposed LFA
method. The method can solve any order of a nonlinear
algebraic set of load flow equations its cost of
computation less than the usual [3]. An energy function
used in designing the proposed method has the
equations;

ANnd gj(.) = fJ(x1, X2 eoes XXy won eve oo (2)

In this technique, the number of the neurons is selected
based on the number of parameters to be determined [4].
Therefore, two approaches were deployed;

1%t approach: Its formulation is using real and reactive
power flow. It is tested on a 3-bus and 5-bus systems
and, the form of energy function is found to be feasible
for solving the load flow problem [4].

2" approach: Real and reactive power mismatches were
used to form the energy function (since its required to
reduce the real and reactive power mismatches to zero in
order to obtain the phasor forms of the voltage at all the
buses in a load flow analysis of a power system), and the
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energy function found is the minimizing function whose
value is reduced to zero, or at least, the minimum
value[4]. Therefore, this approach is found to be more
appropriate in solving the PF problem.

Overall, the proposed GHNN method is found to have
very less computing time, converges very fast, simple
program formulation and less memory required when
compared with Newton Raphson method [4].

IV. PERFORMANCE COMPARISON BETWEEN
STATE-OF-THE-ART AND CLASSICAL METHODS
OF POWER FLOW ANALYSIS

As evidently seen from the highlighted methods, there is
a clear performance superiority by the State-of-the-art
techniques when compared against the classical ones.
When performing iterations, a classical method like
Newton Raphson will fail to converge when interval
[a,b] of the f(x)=0 containing a single root is far away
from the solution.

Furthermore, Gauss-Seidel method converges very
slowly with an identical magnitude order between the
convergence speed and the busbar number.

However, on the part of the State-of-the-art methods, for
example, Particle Swarm Optimization (PSO) Algorithm
for Optimal Power Flow Incorporating wind farms
outperformed the Newton Raphson method as it can be
used to solve any power flow problem.

Moreso, as contained in Table 1, the accuracy error
(RMSE) of some of the techniques used on some IEEE
test feeders showed that the RMSE value of the DM-CA
technique compared to that of the Gauss-Seidel had an
average of 2.87 iterations and an average time of 0.0032s
while the Gauss-Seidel method had 367 and 2.87s
average iterations and average time respectively.
Therefore, State-of-the-Art PFA methods have no doubt
come with significant improvements over and above the
Classical PFA methods.

V. CONCLUSION

This paper focuses on review of some of State-of-the-
Art techniques for PFA. However, some of the popular
Classical methods namely GS, NR, BF, QS and OP were
considered in comparison with two newly proposed
State-of-the-Art PFA methods for dc grids as regards
accuracy, convergence and computational effort needed.
The two newly proposed state-of-the-art methods for dc,
which are DM-CA and DM-IA, showed superior
performance, which means they can be used for
planning, optimization and analysis purposes [7].

Furthermore, the paper presented more State-of-the-Art
techniques that were proposed, which show superiority

over the existing classical methods in terms of accuracy,
speed of convergence and overall efficiency. These
methods/techniques include PSO, HFPSO, ANNs,
QOHBO, 3S-SIA, MIP, HCPB, MGS and Batched Fast
Decoupled Methods. Others include A New Approach
New-Raphson Load Flow Analysis in Power System
Networks with STATCOM and Load flow analysis
using generalized Hopfield neural network. As demands
increase, it is expected that more techniques will be
developed as researches continue.
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This study focuses on CHsNH3Snl; perovskite as a lead-free alternative for solar cells. The
researchers used one-dimensional simulation software to investigate the photovoltaic
properties of CH3NHsSnl3 perovskite solar cells with a TiO2/CH3NH3Snls/CuO structure. The
thickness of the absorbing layer, doping concentration, and density of defects were adjusted to
improve the performance of the solar cells. The obtained results demonstrate that CH3sNH3Snl;
perovskite has the potential to be an efficient and environmentally friendly absorber. The
researchers achieved a high-power conversion efficiency (PCE) of 23.9%, along with a high
short-circuit current density (Jsc) of 31,519 mA/cm?, an open-circuit voltage (Voc) of 0.965V,
and a high fill factor (FF) of 78.7%. These results are encouraging and demonstrate the
potential of CH3NH3Snl; perovskite as a promising alternative to CHsNH3Pbls for use in solar
cells. Furthermore, the use of lead-free perovskite materials in solar cells could offer several
advantages, including improved environmental sustainability and reduced manufacturing
costs. It also opens opportunities for the development of more stable and efficient solar cells
that can be produced on a large scale. However, more research is needed to further optimize
the performance and stability of lead-free perovskite solar cells before they can be
commercially viable.

Table A The name figure or table about given info and result

Voe) m;j:::mz) FF(%)  PCE (%)
Reference cell 0,748 30.082 77.819 18,035
Optimized cell 0965 31519 78717 23.943

Aim of Article: The article aims to investigate and optimize CH3NHs;Snls perovskite as a lead-
free alternative for solar cells to achieve higher efficiency and improved environmental
sustainability.

Theory and Methodology: The theory and methodology of this work involve using CH3NH3SnI3
perovskite as a lead-free alternative for solar cells, with the researchers utilizing one-dimensional
simulation software to study its photovoltaic properties with a TiO,/CH3NH3SnIs/Cu.O structure.
They adjusted the thickness of the absorbing layer, doping concentration, and density of defects
to optimize the performance of the solar cells.

Findings and Results: The researchers found that CH3NHsSnls perovskite can be a highly
efficient and eco-friendly absorber for solar cells, achieving a high-power conversion efficiency
(PCE) of 23.9% in the optimized cell. They also obtained a high short-circuit current density (Jsc)
of 31,519 mA/cm?, an open-circuit voltage (Voc) of 0.965V, and a high fill factor (FF) of 78.7%,
demonstrating its potential as a viable alternative to CHsNH3Pbls.

Conclusion : the use of CH3NH3SnI3 perovskite as a lead-free alternative for solar cells shows
promising results, with high power conversion efficiency and environmentally sustainable
advantages. However, further research is needed to optimize the stability and performance of
lead-free perovskite solar cells before they can be commercially viable.
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HIGHLIGHTS

= CH3NHsSnl; perovskite material as a promising lead-free alternative for perovskite solar cells.

=  One-dimensional simulation software used to investigate the photovoltaic properties of CH3NHsSnl; perovskite solar
cells with a TiO2/CH3NH3Snls/CuO structure.

= Improved performance of CH3NH3Snl3 perovskite solar cells achieved by adjusting the thickness of the absorbing layer,
doping concentration, and density of defects.

= Obtained results demonstrate the potential of CHsNHsSnls as a highly efficient and environmentally friendly solar

absorber.

= The study highlights the importance of developing lead-free perovskite solar cells with high stability and efficiency for
large-scale production.
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Perovskite solar cells have garnered significant attention
in recent years as a promising photovoltaic technology due

Perovskite solar cells have gained significant attention due to their excellent photovoltaic
performance and simple manufacturing process. However, the use of lead (Pb) in the
widely studied CH3NH3PbI3 perovskite material limits its large-scale production due to
low stability in the air. As a result, researchers have turned to lead-free CH3NHsSnl;
perovskite as a promising alternative. In this study, we used one-dimensional simulation
software to investigate the photovoltaic properties of CH3NHsSnls perovskite solar cells
with a TiO2/CH3NH3Snls/Cu.0 structure. By adjusting the thickness of the absorbing layer,
doping concentration, and density of defects, we were able to improve the performance of
the solar cells. The obtained results of Jsc= 31,519 mA/cm?, Voc = 0,965V, FF = 78,717%,
and PCE = 23,943% demonstrate the potential of lead-free CH3NH3Snl; as a highly
efficient and environmentally friendly solar absorber.

Keywords: Perovskite solar cells, Photovoltaic performance, Manufacturing process,
Lead-free perovskite, Numerical simulation.

to their high efficiency and low-cost manufacturing

INTRODUCTION process [1, 2]. In particular, the lead (Pb)-free hybrid

perovskite CHsNH3Snl; has emerged as a strong contender
for widespread use due to its high stability in the air and
ability to achieve efficiencies over 25% [3, 4].
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In this study, we used numerical simulation to
investigate  the  photovoltaic  properties  of
CHsNHsSnl;  perovskite solar cells with a
TiO2/CH3NH3Snls/Cu,O  structure. The obtained
results demonstrate the potential of lead-free
CHsNHsSnl; as a  highly efficient and
environmentally friendly solar absorber [13].

1. METHOD

Perovskite materials are a class of compounds with a
specific crystal structure that have attracted a lot of
interest in the field of solar cells because they have the
potential to be more efficient and less expensive to
produce than traditional solar cell materials. One
perovskite that has been widely studied is CHsNHsSnls,
which is a hybrid organic-inorganic material made up of
tin, iodide, and methylammonium ions [12].

In a solar cell, the CH3NHsSnl; perovskite material is
typically used as the light-absorbing layer, which
converts sunlight into electrical energy. The efficiency of
this conversion process can be improved by adding other
layers or materials to the cell structure. For example,
TiO- is often used as a scaffold material to help support
the perovskite layer and improve its stability. Cu,O is
another material that has been explored for use in
perovskite solar cells as a way to improve the device's
ability to extract electrical charge carriers [14].

Overall, the use of perovskite materials and other
layers or materials in solar cells is an active area of
research and development, with the goal of developing
more efficient and cost-effective solar energy
technologies.

A. Reference Solar Cell Structure to Simulate

The purpose of the simulation of the reference solar
cell structure is to study its performance and behavior
under standard outdoor conditions, which include an
illumination of 1000 w/m? at 300 K and an AM 1.5G air
mass [11]. By simulating the solar cell structure, we can
gain a better understanding of its underlying mechanisms
and identify potential areas for improvement. The
simulation allows for a detailed analysis of the electrical
and optical properties of the solar cell, which can help in
optimizing the design and improving the efficiency of
the cell.

The reference solar cell structure is a planar structure
consisting of three layers: TiO,, CH3sNHsSnl3, and Cu,0,
and is representative of a hybrid perovskite solar cell.
The TiO. layer serves as an electron transport layer
(ETL) and the front contact (anode) of the solar cell,
while the CH3NHsSnls layer is a p-type hybrid halide

Bilim, Teknoloji ve Miihendislik Arastirmalari Dergisi, (2023) - 4(1):44-51

perovskite material that functions as the light-absorbing
layer [9]. The Cu2O layer, on the other hand, is a p-type
copper oxide material that serves as a hole transport layer
(HTL) to the copper metal electrode (Figurel) [10].

By simulating this solar cell structure under standard
conditions, we can gain insights into its performance and
behavior, such as its current-voltage (IV) characteristics,
power conversion efficiency (PCE), and spectral
response. The simulation also allows for a comparison of
the results with experimental data, which can provide
validation for the simulation model. Ultimately, the goal
of the simulation is to enhance the understanding of the
solar cell structure's operation and to provide insights
into potential improvements in its design and
performance.

Anode
CUzO

CH3NH3SI‘I|3

FTO

Figure. 1. Lead-free CHsNH3Snls solar cell structure.

The energy levels of the studied solar cell are shown
in Figure 2.

-3.2

- 40 41 417
:d-: FTO Cu,0
§ CH;NH,Snl,
> Anode
o -5.37
e TiO2 -5.47
=
w

-1.3

Figure. 2. Diagram of energy levels [5].
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B. Reference Cell Parameters and Properties

The Reference Solar Cell (RSC) is a device used as a
reference point for comparing the performance of
different types of solar cells. It consists of three layers: a
titanium dioxide (TiO.) layer, a methylammonium tin
iodide (CH3NHsSnls) layer, and a cuprous oxide (Cuz0)
layer. These layers have different thicknesses and
properties that play a crucial role in determining the
performance of the RSC. Table 1 summarizes the
properties of these layers, including their thicknesses and
electrical and optical properties. The TiO; layer is a wide
bandgap n-type semiconductor that serves as the electron
transport layer. The CHsNHsSnl; layer is a p-type
semiconductor with a perovskite crystal structure that
acts as the light-absorbing layer. The Cu,O layer is a p-
type semiconductor that acts as the hole transport layer.
The properties of these materials, such as their bandgap
energy, carrier mobility, and absorption coefficient, can
be sourced from literature [5] and used to model the
behavior of the RSC under various conditions.

To predict the performance of the RSC, it is important
to consider the various operating conditions it may
encounter. As mentioned earlier, these conditions
include the intensity and spectrum of the incident light,
temperature, humidity, and mechanical stress. By
carefully specifying these conditions and incorporating
them into the model, it is possible to accurately predict
the performance of the RSC under a range of application
conditions.

In addition to the properties of the individual layers,
the cell also has interface parameters that describe the
interactions between the layers. These parameters are
listed in Table 2 [5] and may include information about
the work function, the conduction and valence band
offsets, and the surface recombination velocities at the

For the absorption coefficients of the Cu.O and TiO; hole
and electron transport layers (HTL and ETL),
respectively, the SCAPS model was used. The
absorption coefficients for these layers were calculated
using the following equations:

Cu,O HTL:

a(2) = Ay X (=) 7B (1)

TiO2ETL:

a(d) = Ay X (Z)7B . (2)

In these equations, the absorption coefficient is a
function of wavelength, which is divided by 1000 to
convert it from nanometers to micrometers. The
constants A1, Bi, A, and B are material-specific
parameters that can be obtained from literature or
experiments. Using these equations, the absorption
coefficients of the Cu.O and TiO, layers can be
calculated for different wavelengths and used in the
SCAPS model to predict the photovoltaic characteristics
of the solar cell.

Table 1. Electrical and optical properties of the different
layers of the cell

Tio, Cu,0
Parameters FTO (TCO) ETL) CH3NH3Snls (HTL)
Thickness 500 120 450 100
(nm)
Eg (eV) 34 3.2 13 217
1 (&V) 45 41 417 32
r 9.1 9.0 8.2 71
Nc (cm ) 11%10°  2.2%10% 1*10'9 %1017
Nv (cm?) 1.1%10% 1.8%10% 1*10% 1.1%10%
un (cm?/Vs) 20 0.05 2000 200
up (cm?/Vs) 10 0.05 300 80
ND (cm ™) 11019 1*10% 0 0
NA (cm™?) 0 0 1%10% 1*10

interfaces. Understanding the interface parameters is

. - Table 2. Parameters for the defects in materials and at
important for predicting the overall performance of the

AR . interfaces.

cell and for optimizing its design. Interface Intert

The absorption coefficient of CHsNHaSnls perovskite, 1, .eves  Tio, CH3NH o o TiOJ CHINR Sl
shown in the figure below, was obtained from 3Snly ICH3NH33” Cu,0
experimental data [6] and was imported into the software Defecttype _ Neutre Neutre  Neutre —Neute  TNeute
as a file. The absorption coefficient describes the ability ~ on(em™ Pao™ 254070 1*10° 1%10°°  1*10°
of the material to absorb light and is an important (" ) gy o Lriom 1o
parameter for predicting the performance of a solar cell.  distribution ~ UMiform Uniform  Uniform - Uniform
The figure 3 shows the absorption coefficient as a  Energy level
function of wavelength, which can be used to understand 1o "%t

, 0 0.600 0.650  0.100 0.600  0.600

the material's spectral response and optimize itsuse ina  Ev (above
solar cell. The data from reference [6] was used to input £ €V
the absorption coefficient into the software, which can ¢ energy _ 0.100 _ _ _
then be used to model the photovoltaic characteristics of  (eV)
the solar cell. Ntem?d)  1e1od 302971 g 1%100 1% 100

016
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Figure. 3. Absorption coefficient of CH3NH3Snl; perovskite

I11. RESULTS AND DISCUSSION

A. Characteristic (J-V) and quantum efficiency QE
In introducing the parameters from Table 1 into the
SCAPS simulator, we obtained the current density
versus voltage (J-V) characteristic curve shown in
Figure 4 From this curve, we were able to determine
the photovoltaic parameters (Jsc, Voc, FF, and 1) for
the cell under study. Figure 5 shows the external
guantum efficiency of the cell as a function of
wavelength (A).

0 s 1 L 1 P IR Il L 1 L 1 | " Il

=
o
1
T

Voc =0,743 Volt

Jsc = 31,689 mA/cm?
FF =77,56%
PCE=18,26%

Jsc (mA/em?)
8

I ! I ' T I i I i I N I

. ———
01 00 01 02 03 04 05 06 07 08
Voc (Volt)

Figure. 4. The current-voltage (J-V) characteristic curve.

Due to its narrower bandgap of 1.3 eV, the
CH3NHs;Snl; perovskite has an optical absorption edge
that is shifted to 960 nm, as seen in the external quantum
efficiency (QE) curve (Figure 5). The QE covers the
entire visible spectrum and reaches a maximum
absorption at 400 nm to nm, with notable absorption
beginning at 960 nm. The red shift of the QE curve is
advantageous for absorption of infrared wavelengths.

B. Effect of absorbent layer thickness

The absorbing layer plays a very important role in the
performance of the cell, so to study this effect we varied
the thickness of the absorbing layer from 100 nm to 1000
nm. The simulation results are shown in Figure 6. We
can see that the variation of the thickness of the
perovskite affects all the parameters of the cell. The
current density (Jsc) increases with the increasing
thickness of the absorber (perovskite), due to the large
absorption coefficient of the latter. The PCE increases
with the increasing thickness, reaching a maximum of
18,50 % at a thickness of 600 nm. Beyond this thickness,
it begins to decrease due to the charge carrier diffusion
length becoming shorter than the thickness of the
perovskite, with some carriers not reaching the
electrodes. The slight decrease in VVco with thickness is
also due to an increase in recombination. The decrease in
fill factor with increasing absorber thickness can be
attributed to the increasing series resistance of the latter.
This simulation study therefore confirms that the film
must have an optimal thickness of 600 nm. This shows
that perovskite is a material that, even with thicknesses
of only a few hundred nanometres, is able to have better
light absorption and higher efficiency.
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Figure. 6. Variation of photovoltaic parameters as a feature of

CH3sNHsSnl; thickness.

C. Effect of ETL layer thickness (TiOy)

Here, it is observed that the thickness of the TiO; layer does
not have an effect on all the cell's performance, so a
thickness of 100 nm was chosen, based on comparison with
values already published in the literature
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function of TiO; thickness

JOURNAL OF SCIENCE, TECHNOLOGY AND ENGINEERING RESEARCH 49
Bilim, Teknoloji ve Mihendislik Arastirmalari Dergisi, (2023) - 4(1):44-51
ISSN : 2717-8404 https.//dergipark.org.tr/en/pub/jster

D. Effect of HTL (Cu20) layer thickness

According to Figure 8, the thickness of the Cu,O HTL
layer has almost no effect on the generated photocurrent,
but does affect the other parameters, only for very low
values (less than 50 nm). Therefore, a value of 100 nm
was chosen, in accordance with other references.
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E. Effect of the Na acceptor density (cm™®) of the
absorbing layer
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Figure. 9. Variation of photovoltaic parameters as a function
of Na acceptor density (cm™).
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According to Figure 9, it can be seen that the cell's
performance is only affected by the hole acceptor density
above a value of 10 cm?. A slight change in PV
parameters is observed with increasing acceptor doping
concentration up to 1,66675*10%*%cm, Vco increases as
the Fermi energy of the holes decreases. Initially, Jsc
decreases slightly and then decreases dramatically. This
is likely due to an increase in charge carrier
recombination within the perovskite absorbing layer [8].
However, PCE drops rapidly when Na exceeds
1,66675*10% cm3,

F. The photovoltaic parameters of the optimized cell

The final device features an absorbing layer thickness
of 600 nm and a hole acceptor density of Na equal to
1,67* 108 cm=3. The photovoltaic parameters of both the
reference cell and the optimized CH3sNH;sSnls-based cell
are reported in Table 3. It is clear from the results that
the optimized cell exhibits significantly improved
performance compared to the reference cell. This
demonstrates the importance of carefully considering
and manipulating various device parameters during the
optimization process in order to achieve high-efficiency
photovoltaic devices. The results also highlight the
effectiveness of the optimization efforts in achieving this
goal. Overall, this study emphasizes the critical role of
device design and optimization in the development of
high-performance solar cells.

Table 3.
Photovoltaic parameters of the reference and optimized cell.
Jsc
Voe (V) o) FF (%) PCE (%)
Refserﬁnce 0,748 30,982 77,819 18,035
Optimized 0,965 31,519 78,717 23,943

cell

IV. CONCLUSION

In conclusion, we have studied and simulated a solar
cell based on the perovskite material CH3NH3Snls using
the one-dimensional simulation tool SCAPS-1D. Our
main objective was to determine the optimal parameters
to improve the performance of the solar cell. Our
simulation results show that the thickness, doping
concentration, work function, defect density of the
absorbing layer, and defects at the interfaces play a
significant role in the performance of the solar cell.

After optimizing the photovoltaic parameters of the
absorbing layer, we were able to significantly improve
the electrical performance of the solar cell. Specifically,

we achieved a Jsc of 31.52 mA/cm?, a Voc of 0.97 V, an
FF of 78.72%, and a PCE of 23.95%. These findings
demonstrate the effectiveness of optimization efforts in
achieving high-performance solar cells and highlight the
importance of considering various device parameters in
the design process.

In summary, our study provides important insights into
the design and optimization of perovskite solar cells. Our
findings could guide future efforts to develop more
efficient and cost-effective solar cell technologies, which
are crucial for the widespread adoption of renewable
energy sources and the mitigation of climate change.
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In this study, it was tried to determine the parameter changes to be made in order to save
volume and mass in helical gear groups. For this purpose, a sample helical gear pair, which
is used more in today's technology compared to other gear types and used in gearboxes, was
used for design. The tangential force, normal force, stress values factors and stress safety
factors of the gear pair were calculated. While the volume and mass optimization of the gear
is performed, it is requested that the tooth root and gear contact surface stress values are in
the desired range and not exceed the limit values for the safety factor. For this purpose, before
the optimization of the gear group, the power, speed and torque values that carry the initial
dimensions determined to the safety limits were determined. As variable parameters, formulas
accepted in gear strength calculations and basic influencing parameters used in volume and
mass calculation formulas are used. According to this generalization, helix angle, grip angle
and tooth width and normal module parameters were determined as variable parameters.
While performing the optimization, one parameter was changed while the other variable
parameters remained at their initial design values. The selected objective designs were
subjected to stress analysis and stress points were observed in the ANSYS WORKBENCH
program. Stress points were compared for selected suitable low mass and bulky designs and
it was determined which parameter change gave a safer result.

Figure A. Ansys wdfkbenéh analysis results
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Bu calismada helis disli gruplarinda hacimden ve kiitleden tasarruf etmek icin yapilacak
parametre degisimleri belirlenmeye c¢alisimistir Bu amacla diger disli tiplerine gore
glintimiiz teknolojisinde daha ¢ok kullanilan ve disli kutularinda kullanilan 6rnek bir helis
disli ¢ifti tasarim igin kullanilmistir.. Segilen baslangi¢ tasarimi AUTODESK INVENTOR
programinda olusturulmugstur. Ardindan digli icin giic ve devir degeri girilerek tork degeri
INVENTOR 'un DESIGN bdéliimiinde hesaplanmistir. Ayni boliimde disli ¢iftine ait tegetsel
kuwvet, normal kuvvet, gerilme degerleri faktorleri, gerilme giivenlik faktorler
hesaplanmistir. Dislide hacim ve kiitle optimizasyonu yapilirken dis dibi ve disli temas
yiizeyi gerilmesi degerlerinin istenilen aralikta olmasi ve giivenlik faktorii i¢in simr
degerlerini asmamasi istenmistir. Bu amagla disli grubunda optimizasyon yapilmadan énce
belirlenen bagslangi¢c olgiilerini giivenlik simirlarina tasiyan giig, devir ve tork degeri
belirlenmistir. Bu degerler yapilan hi¢bir optimizasyonda degistirilmemis ve sabit kalmigtir.
Ayni zamanda digli ¢evrim/iletim orami, dis sayist da tim optimizasyonlarda sabit
tutulmustur. Degisken parametreler olarak disli mukavemet hesaplamalarinda kabul edilen
formiiller ile hacim ve kiitle hesaplama formiillerinde kullanilan temel etkileyici
parametreler kullaniimigtir. Bu genellemeye gére helis agisi, kavrama agisi ve dis genisligi
ile normal modiil parametreleri degisken parametreler olarak belirlenmistir. Optimizasyon
yapiulirken bir parametre degistirilirken diger degisken parametreler baslangi¢
tasarimindaki degerlerinde kalmistir.. Secilen, amag tasarimlari gerilme analizine tabi
tutularak ANSYS WORKBENCH programinda gerilme noktalari gozienmistir. Gerilme
noktalari secgilen uygun diisiik kiitle ve hacimli tasarimlar icin karsilastirilmis ve hangi
parametre degisiminin daha giivenli sonug verdigi belirlenmistir.

Anahtar Kelimeler: Helis disli, Helis agisi, Kavrama agisi, Dis dibi giivenlik faktorii, Disli
temas yiizeyi gerilme faktorii
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1. GIRIS[INTRODUCTION]

Digli carklarin ¢alisma sistemleri, profillerinin revize
edilmesi ve disli ¢ark sistemlerinin giiniimiizdeki
uygulama alanlarmin gelistirilmesi ile ilgili pek ¢ok
calisma yapilmistir. Konuyla ilgili bir caligmada, agir yiik
diiz ve helis dislilerin performans analizi ile ilgili
calisilarak, daha kii¢iik hacimli digli ¢iftlerinin endiistride
kullaniminin uygunlugu 6l¢iilmeye ¢alisilmistir. Dislilerin
yik altinda esnedigi kabul goriilmiis ve bunun disli
performanst ile ters orantili oldugu sonucuna varilmistir.
[letim hatalarmin oniine gegmek igin tepe kirma islemi
uygulanmis ve helis dislilerin hassas uygulamalarda daha
mukavim sonuglar verdigi tespit edilmistir [1]. Disli
geometrik parametreleri izerinde optimizasyon ¢alismasi
yapilmigtir. Traktor sanzimani tizerinde kullandiklart bir
disli grubu icin; optimizasyon parametresi olarak modiil,
dis genisligi, merkez uzakligi, disli kalitesi, dis sayisi,
helis agisi, kavrama agisi degerleri girilmistir. Bu
degisimlerin sanzimanda en yiiksek gerilmeyi olusturdugu
disli belirlenmeye ¢alisilmistir. Caligma sonucunda %8,5
oraninda en biiylik dis dibi gerilmesinin pinyon dislide
gozlendigi tespit edilmistir [2].

Elektrikli araglarin sanzimanlarinin 2. Vites dislilerindeki
deformasyon analizi yapilmigtir. Bu ¢aligmada malzemeye
yapilan kimyasal analiz ve mekanik 06zellik ve tane
yapisinin belirlenmesi i¢in tahribatsiz muayene analizleri
sonucunda dislinin hatali 1s1l iglem prosesi gordiigii, ¢elik
malzemenin igerisinde istenmeyen kalinti maddelerin
bilesik olusturmasi sonucu yasanan yanlig alagimlanma ve
Ti eksikligi verilerine ulagilmistir. Bu sebeple disli
yiizeyinin hasara ugradigi gozlenmistir [3]. Profil
kaydirmali helisel alin digli c¢ark mekanizmalarinin
optimizasyonu c¢aligmasi gerceklestirilmistir. Calismanin
sonucunda, profil kaydirma miktar arttikgca, yan ylizey
basinct ve dis dibi mukavemeti emniyet katsayisinin
artt1ig1, dis dibi gerilmesi ve yan yiizey basinci emniyet
katsayisinin diistiigii gozlenmistir. Ayrica profil kaydirma
miktar1 degistirilerek digli parametreleri; modiil, helis
acist, dis sayist ve dis genisligi degistirilmek suretiyle
mevcut kosullar i¢inde daha kiigiik ve yeterli mukavemette
veya emniyet katsayisi yiiksek bir disli elde edilebilecegi
sonucuna vartlmistir [4].

Disli kutularinda parametrelerin hacim ve mukavemete
etkilerinin  arastirllmasi  ¢alismasim1  yiirlitmislerdir.
Calismanin sonucunda dis sayilarinin degisiminin hacim
ve olusan gerilmeler iizerinde dogrudan etkilerinin oldugu
goriilmiigtiir. Sistemde olusan gerilmeler agisindan en
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diisik malzeme hacmi kriterinde kademelerde olusan
gerilmeler arasindaki farkin daha az oldugu goézlenmistir

[5].

Bu c¢alismada gili¢ aktarma elemani olarak siklikla
kullanilan helis disli gruplar1 kullanilmistir.Uretim ve
imalat sektoriinde yasanan gelismeler sayesinde disli
teknolojisinde de elbette pek ¢ok ilerleme kaydedilmistir.
Dislilerin geometrik parametrelerinde yapilan her
degisiklik calisma performansina ve disli mukavemetine
etki etmektedir.

Disli geometrik parametrelerini belirlemede kullanilan ve

standartlarca kabul edilen formiiller asagida yer
almaktadir.

. dg
D1 1S1Z = —.
§ sayis -

dy: Boliim dairesi ¢api/taksimat dairesi ¢api

to d
Modiil: = : =2

oz
Dis adimi(Taksimati): Disin yuvarlanma dairesi
lizerinden Olgiiliir. tg = T xm

L
Boliim dairesindeki dis kalinligi : So :70

.t
Boliim dairesindeki dis boslugu : |o=?0

Miisterek dis yiksekligi : h=2 xm
Dis basg1 yiiksekligi : hy =m
Dis taban yiiksekligi : h=1,2 x t
Disin tiim yiiksekligi : h,=2,2 x m
Dis bas1 boslugu : sp=0,2 x m
Boliim (yuvarlanma dairesi gap1) : do=2Xro=zXxm dy =
3 [2x Mg
Kx@q
Dis basi dairesi ¢ap1 : dp=2 X rp =do + (2 X hy)
Dis taban dairesi ¢ap1 : di=2 X 1y = do - (2 X hy)
Temel dairesi gap1 : dg =2 X rg=d0 x cosayg
Kavrama acis1 : DIN 867’ye gore genellikle 20° secilir

Cevrim orant : i =21/ Z2 = do/ do2=n1 /n2
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Iki dislinin eksen aralig: :

do1+d zZ1+z
a= "oy + fo2 = 012 02’ 1zzxm

8= for x (i+1) = roo =
Dis genisligi : b=¢ Xto=dpXmT XM
Temel daire adimi : tg=to X cosolo
Kavrama adimu : te= to X cosao

Dis yan boslugu : sy

Kavrama orani : e=

~ |Q
v
H

e

Kavrama orani : e=

~ |
v
[ER

2. TEORI VE YONTEM
METHODOLOGY]

Problemin tanimi;

[THEORY AND

Imalat ve iiretim teknolojilerinde yasanan gelismeler ile
disli ve gilic aktarma organlarinda pek ¢ok gelisme
yasanmustir.  Ozellikle disli parametrelerinin  disli
mukavemet ve ¢aligsma verimine olan etkisi biiyiik oranda
uygulama bazinda kalarak dogru parametre degisimi ve
revizyonlarin hem verim hem de dislinin kiitle ve hacmine
olan etkisine yonelik akademik bir incelemenin eksikligi
g6ze ¢arpmaktadir. Kiitleden ve hacimden tasarrufun hem
var olan kaynaklarin kullanimi hem de maliyet agisindan
onem arz ettigi gliniimiiz diinyasinda optimum 6zellikleri
verebilecek oOzelliklerdeki tasarimin yapilmasi oldukca
o6nemli bir hale gelmistir.

Bu calismada standart disli kutularinda kullanilan bir
helisel disli cark grubunun hacim ve kiitlelerinden tasarruf
yapmak amaciyla temel parametreleri iizerinden degisiklik
yapilip amag¢ fonksiyonunun gerceklestirilirken giivenlik
sartlarinin saglanip saglanmadiginin kontrolii yapilmaya
calisilmistir. Bu amagcla 6ncelikle standart bir disli tasarimi
INVENTOR programinda 3D modelleme ortamina
aktarilmistir. INVENTOR  programindaki DESIGN
komutu kullanilarak olusturulan digli grubuna ait helis
agis1, kavrama agisi, dis sayisi, digli aktarim/¢evrim orani,
modiil, glic ve devir degerleri manuel olarak girilmistir.
Manuel olarak girilen degerler ile digli grubu program
tarafindan olusturulup temel Olgiileri belirlenmistir.
Ardindan girilen tasarim i¢in program tarafindan giivenlik
faktorleri ve gerilme degerlerinin hesaplanmasi sirasinda
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kullanilan katsayilar atanmistir. Ayrica dislilerin temas
noktalarindaki tegetsel, normal ve bileske kuvvetler ile
kavrama oran1 gibi degerler program igerisindeki yazilim
tarafindan hesaplanmistir. Calismamizda bu degerleri baz
alarak optimizasyon yapilmistir. En son olarak yapilan
optimizasyonlarin sonucunda elde edilecekg iivenli ve
diisiik hacimli tasarim degerleri gerilme analizine tabi
tutularak ¢alismalari sirasinda olusabilecek hasar noktalari
tespit edilmeye calisilmistir. Bu yapilan analiz sonucunda
baslangi¢ tasarimindaki gerilme kritigi noktalar1 ile
karsilastirma yapilmis ve disli tasarimlarinda optimal
Olciilerin  belirlenmesindeki kistaslarin iizerine vurgu
yapilmaya caligilmustir.

Calisma icin secilen disli grubunun ¢alisma parametreleri:

=  Motor giicli: 65 KW

= Devir: 4500 rpm

»  Kullanilan digli orani:1,93

»  Dondiiriilen disli(Cikis dislisi) ya da biiyiik disli
olarak adlandirilan diglinin dis sayisi: 64

*  Pinyon/kiigiik disli (giris dislisi) dondiiriilen digli
dis say1s1 : 33

* Dis genisligi: 20 mm

= Tork hesabi : Gli¢ = Tork x devir/ 9550

Bu ¢alismada ayni gii¢ ve devir etkisi altinda daha kiiglik
kiitle ve hacme sahip disli sistemi iiretmek amaglanmistir.
Amag fonksiyonumuz, diglilerin hacmi ve yiik tasima
kabiliyetini etkileyen Fn kuvvetini minimize etmektir. Fn
kuvvetini minimize ederken daha diisiik hacimli bir
tasarim elde edilmeye calisilacaktir. Burada kullanilan
malzeme ve malzeme 1s1l islem prosesinde herhangi bir
degisiklik olmadigi1 baz alinarak sadece disli sistemine ait

profil parametreleri INVENTOR 3D Modelleme
programinda degistirilerek, son kiitle ve hacim degerleri
kiyaslanacaktir. Bu kiyaslamalar sonucunda
degerlendirme yapilirken belirlenen baslangic

tasarimindaki uygun dis dibi ve yiizey gerilmelerinin
agilmamasi noktasina da dikkat edilmis ve gerekli
hesaplamalar yapilmistir.

Bu bilgiler 1s18inda belirlenen 6lgiilerdeki digli sisteminin
¢izimi ve ana disli Ol¢iileri asagidaki gibidir.

Disli sisteminin modellenmesi AUTODESK INVENTOR
PROFESSIONAL 2022 programinda gerceklestirilmistir.
Cizim gergeklestirilirken programa ait DESIGN modiilii
icerisindeki SPUR GEAR komutu kullanilarak helis disli
grubu  olusturulmustur. Tasarim  parametrelerinde
optimizasyon yapilacak olan sistem i¢in temel 6gelert;
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Amag:

Hacim(V) ve kiitle (m) degerlerini minimize ederek en
optimum degerleri gerekli giivenlik kosullarini saglayacak
sekilde elde etmeye ¢aligmaktir.

V=2b(dos® + doi*) = Vais bostuzu (Hacim diisiirmek)
m=p.V (Kiitle diistirmek)

p = 7.85 gr/cm3 (yiiksek dayanimli, diisiik alasimli ¢elik
malzemenin yogunlugudur).

Sp =22 >13

o (UF—UFp <0)

Sy =2 > 12 (04 — Oy < 0)

Disli sistemine ait kiitle ve hacim degerleri INVENTOR
yazilimi iizerinden malzeme kalitesinin girilmesi ile
malzeme Ozellikleri komutu ile verilmektedir. Calismada
bu veriler kullanilmustir.

Kisit degerler:

SH (Yiizey gerilme faktorii), SF (dis dibi gerilme faktortii),
Outim» Orim (Yizey ve dis dibi gerilmelerinin limit
degerleri) ‘ni saglamak sistemin tasarim kriteridir. Ayni
zamanda P(gili¢), T(tork), n(Devir) degerlerinin sabit
kalmas1 ve Ft(Tegetsel kuvvet), Fn(Normal kuvvet)
kuvvetlerinin disin calismasi esnasinda deformasyona
sebebiyet vermeyecek degerlerde alinmasi gerekmektedir.
Disli grubuna ait ¢evrim orani(i), dis sayilar degerleri
yapilan higbir optimizasyon i¢in degistirilmemistir.
Degisim parametreleri : Kavrama agisi, Helis agisi,
Normal modiil ve Dis genisligidir.

Sabit Parametreler:
P (giig¢), n (devir), T (tork), z (dis sayisi), i (¢evrim
orani)’dir.

A. Disli ¢iziminin yapilmast

Baslangic tasarimi olarak belirlenen digli grubu
AUTODESK INVENTOR programinin  DESIGN
komutunda gergeklestirilmigtir. Belirlenen olgiilerde disli
sistemini olusturmak i¢in oncelikle baz alinan 1,93 disli
orani, 2,3 olarak tayin edilen digli modiilii ve 64/33 olarak
belirlenen dis sayilar1 tasarim parametresi olarak
girilmistir. Ardindan helis acis1 ve kavrama agis1 degerleri
girilmistir. Sistem digliler aras1 merkez uzakligini ve digli
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cap Olgiilerini kendisi belirlemektedir. Bu belirlene dlgiiler
asagidaki gibidir.
Spur Gears Companant Generatar a

:::::

nnnnn

St Type Reaching Center Distance

Sekil 1. Disli boyutsal parametrelerinin INVENTOR yazilimina
girilmesi

Digli merkezleri arasindaki uzaklik sistem tarafindan
117,745 mm olarak atanmistir. Disli sisteminin diizgiin
calismast ve 1,93 ¢evrim oranini pinyon disliden biiyiik
disliye aktarabilmesi igin gerekli olan mukavemet
degerleri ve faktorler yine sistem tarafindan atanmistir. Bu
mukavemet degerleri belirlenmeden o6nce Sistemin
CALCULATION bdliimiine uygun gii¢ ve devir degerleri
girilmistir.

Bu uygun gii¢ degerlerinde belirlenen disli 6l¢iilerinde dis
dibi gerilme ve yiizey gerilme degerlerinin hesaplanmasi
icin gerekli olan tiim katsay1r ve faktorler yine sistem
tarafindan atanmistir. Gerilme hesaplamasini yaparken
buradan alinan limit gerilme degerleri ve katsayilar
kullanilmistir. Bu katsayilar ISO 6336-1996 standardina
iligkin  formiilasyonlar kullanilarak olusturulmustur.
Calismanin literatiir taramasi kisminda INVENTOR’dan
cekilecek olan katsayr ve gerilme degerlerinin
bulunmalarina iligkin formiiller ve grafikler ayrintili
olarak verilmistir.
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Sekil 2. Disli giic parametrelerinin INVENTOR yazilimina
girilmesi

Buna gore sisteme 65 KW gilic pinyon disliden
verildiginde biiytik digliye 63,700 KW giic aktariimakta ve
sisteme 4500 rpm degeri pinyon disliden girildiginde
2320,31 rpm olarak biiyiik disliye aktarilmaktadir. Tork
degeri ise kii¢lik dislide 137,934 Nm iken; 2. dislide yani
biiylik dislide 262,159 Nm’ye cikmaktadir. Sisteme gii¢
degeri ve tork degeri uygun disli gerilme degerleri
saglanacak sekilde girilmis ve tork degeri sistem
tarafindan hesaplanmistir. Girilen degerler 1. Disgliye ait
degerlerdir ve sistem 2. Disliye gelecek olan degerleri
kendisi tayin etmistir. Tayin edilen degerlerin hepsi ISO
6336:1996 standardinda yer alan formiiller kullanilarak
hesaplanmustir.
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Sekil 3. Disli gilic parametrelerinin INVENTOR yazilimina
girilmesi
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Standart olarak kullanilan disli sistemi olarak belirlenen
giic degerleri ve disli ana Olgiileri dahilinde sistemde
olusturulan katsay1 ve faktorler yukarida verilmistir. Bu
veriler 15181nda belirlenen disli parametreleri degistirilerek
dislide daha kiiciik hacim ve kiitlelerde ayn1 gii¢c degerleri
ile ayn1 devirde giicii aktarabilme kabiliyeti tesbit edilmek
istenmistir. Bu tespitin degerlendirilmesi yapilirken
tegetsel kuvvet (Ft) ve yiizey gerilme (SH) ve dis dibi
gerilme (SH) faktorlerinin alacagi degerler standart ve
giivenli disli grubunun degerleri ile kiyaslanmustir.

Yapilan tasarimlar, operasyon omrii (Lh) =10000 saat
iizerinden baz alinarak hesaplanmistir. Olusturulan digli
sistemi i¢in 16MnCr5 (1s1l islem prosesli) malzemesi
secilmigtir.

Malzemenin mekanik 6zellikleri asagidaki gibidir.

Cizelge 1. 1. Disli malzemesi kimyasal bilesenleri

Kimyasal bilesenler(16MnCr5)

C Si Mn Pmax | Smax | Cr Mo
0,14- | max. | 1-1,3 | Max.0, | Max.0, | 0,8- | 0,0
0,19 |04 025 035 1,10 | 35

Sekil 4. Disli grubunun DESIGN komutunda kati modele
doniistiirilmesi
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Rofation to Principal

Ry [000deg Rela| Ry [000 deg Felat Rz (0,00 deg Rel]

Close Iptal Uygula

Sekil 5. Disli grubunun fiziksel o6zelliklerinin modelleme
programindan control edilmesi

Optimizasyonlarin tamami P=65 KW, n=4500/2320,31
rpm, ¢evrim orani=1,93 olarak sabit kalarak yapilacaktir.
Ayni zamanda tork degeri 137,931/262,159 Nm olacak
sekilde sabit kalacaktir. Dis sayis1 da tiim tasarimlarda
64/33 olacak sekilde optimizasyon yapilacaktir. Yapilacak

Cizelge 2. Optimizasyon la sonuglari

mn=2,3, i=64/33 ve =18 P=65 KW n:4500 rpm b=20mm
Kavr Hacim Katle Nomal Tegetsel Kavram Guvenlik Giivenlik Faktori Sy (-)
ama V(mm?) m (kg) kuvvet kuvvet a orani Faktori Se (-)
agist Fa (N) Fe(N) (€)
(con)
1 2. 1.Digli 2. Digli
.Digl Disli
|
10 458011 3,596 3691,3 3443,9 3,1102 2 2,0 1,132 1,122
.844 02 04 73
12 458062 3,596 3716,4 3443,7 2,9307 2,0 2,1 1,182 1,179
,905 73 14 70 42
14 458095 3,596 3746,5 3443,5 2,7760 2,1 2,2 1,231 1,233
,673 74 92 64 34
16 458117 3,596 3781,8 3443,5 2,6436 2,2 2,2 1,266 1,270
,822 64 10 27 95
18 458133 3,596 3822,3 3443,4 2,5309 2,2 2,3 1,297 1,302
,434 95 51 88 54
20 458144 3,596 3868,6 3443,4 2,4351 2,3 2,4 1,323 1,329
,823 30 10 49 12
22 458153 3,597 3920,8 3443,3 2,3539 2,4 2,4 1,346 1,352
,371 30 78 09 70
24 458159 3,597 3979,3 34433 2,2852 2,4 2,5 1,372 1,379
,942 70 54 96 55
25 458162 3,597 4011,1 34433 2,2550 2,5 2,5 1,380 1,387
,669 52 43 27 85

Optimizasyon 1b;

Optimizasyon yapilirken gii¢, devir, modiil ve dis genisligi
sabit tutulurken helis acis1 degerleri degistirilmistir.

Cizelge 3. Optimizasyon 1b sonuglari

olan degisiklikler kavrama agisi, modiil ve helis agisi

mn=2,3, i=64/33 ve 0on=20", P=65 KW n:4500 rpm b=20mm

iizerinde yapilacaktir. Amag fonksiyonu olarak hacim ve
tegetsel kuvveti ayn giic degerleri sartinda kiigiiltmek

belirlenmistir.

Optimizasyon yapilmasi,

Optimizasyon 1;

Optimizasyon 1a;

1. Optimizasyon da modiil, helis agis1 gli¢ ve devir ve

dis genisligi degerleri sabit tutulup, kavrama agisi

degistirilerek; hacim, kiitle, tegetsel kuvvet ve

giivenlik faktorlerindeki degisiklikler kaydedilmistir.

Helis Hacim Kiitle Nomal Tegetsel Kavram Gavenlik  Faktori Guvenlik Faktord Su(-)
agist V(mm?) m (kg) kuvvet kuvvet a orani Sk ()
Fa (N) Fe(N) (]
1 .Digli 2. 1 2. Digli
Disli .Digli

7 419112 3,290 3868,0 3593,0 2,0143 1,956 2,0 1,13 1,153
,002 06 48 23 3

10 426019 3,344 3868,1 3595,1 2,1394 2,022 2,0 1,17 1,190
,787 22 42 89 4

13 435598 3,419 3868,2 3527,4 2,2569 2,116 21 1,22 2,236
,989 79 99 82 2

16 448073 3,517 3868,4 3480,2 2,3666 2,243 2,3 1,28 2,289
,827 76 20 08 0

18 458144 3,596 3868,6 3443,4 2,4351 2,349 2,4 1,32 1,329
,823 30 10 12 3

20 469747 3,688 3868,8 3402,4 2,5 2,474 2,5 1,37 1,373
,491 02 16 37 0

25 506393 3,975 3869,3 32819 2,6458 2,743 2,7 1,46 1,460
,391 08 67 98 0

30 556373 4,368 3869,9 3136,5 2,7679 3,033 3,0 1,56 1,560
,085 22 92 77 0

40 71625, 5,623 3871,4 3775,5 2,9415 3,383 33 1,85 1,852
182 61 82 98 2

47 908508 7,132 3872,7 2471,8 3,01 3,665 3,6 2,15 2,154
,332 68 95 63 4

50 102504 8,047 3873,3 2330,1 3,0289 3,786 3,7 2,31 2,315
8,223 82 45 77 5

55 129205 10,14 3874,4 2079,8 3,0461 3,966 3,9 2,63 2,634
3,667 3 70 34 50 4

Helis agisi, 55 dereceden sonra sistem girdileri ile
uyusmamaktadir. Ayrica 47 derecen sonra sistem
parametreleri mukavemet hesaplamalarinin  disinda
kalmaktadir ve 55 derece de sistemin hiz hesaplamasi,
minimum kritik hizdan yiliksek olmaktadir.


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

JOURNAL OF SCIENCE, TECHNOLOGY AND ENGINEERING RESEARCH 59

=
-\
o7 1D)  Bilim, Teknoloji ve Miihendislik Arastirmalari Dergisi, (2023) — 4(1): 52-66
Cand) ISSN : 2717-8404 https://dergipark.org.tr/tr/pub/jster

Optimizasyon 1c;

Optimizasyon yapilirken gii¢, devir, modiil ve helis agis1
sabit tutulurken dis genisligi degerleri degistirilmistir.

Cizelge 4. Optimizasyon lc sonuglari

mn=2,3, i=64/33 ve aon=20", P=65 KW n:4500 rpm B =18 "
Dis Hacim Kitle Nomal Tegetsel Kavram Guvenlik Faktori Se Givenlik
genisligi V(mm?) m (kg) kuvvet kuvvet a orani (-) Faktorii Su(-)
b (mm) Fa (N) F:(N) (€)
1 .Digli 2. 1 2.
Digli .Digli Disl
|
10 229072 1,798 3868,6 3443,4 2,000 1,395 1,44 0,99 1,0
,412 30 10 75 3 9 17
15 343608 2,697 3868,6 3443,4 2,221 1,905 1,95 1,17 1,1
,618 30 10 3 7 9 92
16 366515 2,877 3868,6 3443,4 2,264 1,998 2,05 1,21 12
,859 30 10 1 2 0 22
18 412330 2,237 3868,6 3443,4 2,349 2,178 2,23 1,26 12
,341 30 10 6 6 8 77
20 458144 3,596 3868,6 3443,4 2,435 2,349 2,41 1,32 13
,823 30 10 1 2 3 29
22 503959 3,956 3868,6 3443,4 2,520 2,513 2,58 1,37 13
,306 30 10 7 1 5 77
25 572681 4,496 3868,6 3443,4 2,649 2,707 2,78 1,42 14
,029 30 10 0 0 9 29
30 687217 5,395 3868,6 3443,4 2,862 2,913 2,99 1,47 14
,235 30 10 8 1 9 79

Optimizasyon 1d;

Optimizasyon yapilirken gii¢, devir, dis genisligi, kavrama
acist ve helis agisi, sabit tutulurken modiil degerleri
degistirilmistir. Modiil degerinin degisimi, baglangi¢
tasarimindaki dis sayisi ve ¢evrim orani degerleri sabit
tutularak gozlemlenmeye c¢aligilmistir. Baslangic tasarimi
iizerinden yapilan optimizasyona gore modiil degisiminin
hacmin ve kiitlenin optimal minimum degeri bulmasindaki
gorevi goriilmek istenmistir.

Cizelge 5 Optimizasyon 1d sonuglari

mn=2,3, i=64/33 ve aon=20", P=65 KW n:4500 rpm B =18 ', b=20mm

Moduil Hacim Kiitle Nomal Tegetsel Kavram Giivenlik Faktori S Guvenlik Faktori

m, (-) V(mm?) m (kg) kuvvet F, kuvvet a orani (-) Su(-)

(N) F(N) (&
1 .Digli 2. 1 2.
Disli .Disli Disli

15 183579 1,441 5931,9 5279,8 2,891 1,385 1,42 0,98 0,989
,507 00 95 3 7 9

18 272993 2,143 494,25 4399,9 2,672 1,809 1,86 1,14 1,148
,870 0 13 7 1 8

1,9 306411 2,405 4683,0 4168,3 2,615 1,910 1,96 1,18 1,186
,359 79 38 2 4 6

2 341636 2,682 4448,9 3959,9 2,563 2,039 2,09 1,23 1,230
,199 21 21 4 6 0

23 458144 3,596 3868,6 3443,4 2,435 2,349 2,41 1,32 1,329
,823 30 10 1 2 3

2,5 544849 4,277 3559,1 3167,9 2,366 2,562 2,62 1,38 1,394
,660 40 37 7 9 4

3 793222 6,227 2965,9 2639,9 2,235 3,060 3,13 1,52 1,538
,890 50 48 5 7 2

4 142544 11,19 2224,4 1979,9 2,071 3,822 391 1,72 1,749
5,658 0 61 61 6 0 0

4,3 165033 12,95 2069,2 1841,7 2,037 3,992 4,08 1,76 1,795
6,328 5 67 24 3 2 4

Modiil degeri 4,3 ve sonrasindaki degerlerde disli
grubunun dayanabilecegi minimum kritik hizdan daha

yiiksek bir hiz degeri hesaplanmakta ve sistemin bu
sekilde tasarlanmasi uygun goriilmemektedir.

Burada modiil degerleri karsilagtirlldiginda yaptigimiz
standart tasarim iizerinden en uygun ve diisiik hacimli
degeri modiilii 2 yaptigimizda elde ediyoruz. Bu 2
degerinin diger optimizasyonlar {izerindeki etkisini
gozlemlemek icin tekrar optimizasyon yapildiginda
asagidaki sonuclar elde edilmis olacaktir.(Optimizasyon
yapilirken modiilin 2,3 oldugu durumlarda giivenlik
degerleri negatif olan ve kiitle arttirimina sebep olan
degerler optimizasyona tekrar alinmamastir.)

Optimizasyon 2;

Optimizasyonda modiil degerinin standart/baslangi¢
tasarimimizdan daha diisiik bir degerde kullanilarak nasil
givenli ve disik hacim ve Kkiitle degerlerini
saglayacagmin tespiti yapilmaya c¢alisilmistir. Burada
optimizasyon 1d tablosundan gozlenen degerler dikkate
almmustir. Optimizasyon 1d tablosuna gore modiil
degerini biiyiitmek kiitle artisina sebep olacaktir. Bu
veriye gore segilecek biiylik ve kiiclik modiil degeri,
baslangi¢ tasarimimizdaki kiitle degerini asmayacak
degerde ve giivenli olmasi beklenmektedir. ilk olarak 2
olan modiil degeri segilmistir. Baslangi¢ tasarimizdaki
degerlerde hem giivenli hem de daha diisiik hacimlidir. Bu
sebeple opimizasyona alinmugtir. Diger daha kiiciik
degerler de giivenlik degerlerinde sorun yasanip, kiitle
azaltimina izin verilmeyecegi i¢in sistem diger kiigiik
modiil degerleri icin parametre degisimi islemine tabi
tutulmamustir.

Optimizasyon 2a;

Cizelge 6. Optimizasyon 2a sonuglari

mn=2, i=64/33 ve , P=65 KW n:4500 rpm B =18 ’, b=20mm
Hacim Kiitle Nomal Tegetse Kavram Giivenlik Faktori Gvenlik Faktori Sy
V(mm?) m (kg) kuvvet | kuwvet a orani Se(-) ()

Fo (N) Fi(N) (€)

Kavram 1.Digli 2. 1 2. Digli

a agst Disl .Disli

(ton) i

17 34162 2,682 4371,6 3960, 2,713 1,964 2,0 1,19 1,195
1,171 24 001 3 24 4

18 34162 2,682 4395,7 3959, 2,659 1,989 2,0 1,20 1,208
6,587 55 970 2 48 7

20 34163 2,682 4448,9 3959, 2,563 2,039 2,0 1,23 1,230
5,199 25 921 4 96 0

22% 34164 2,682 4508,9 3959, 2,482 2,089 2,1 1,24 1,249
1,662 55 885 2 45 8

25* 34164 2,682 4612,8 3959, 2,383 2,188 2,2 1,27 1,278
8,693 25 845 3 40 7

Modiil degerini 2 aldigimizda, kavrama agis1 17 dereceden
sonra sistem hata vermeye bashiyor. Bu sebeple 17
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dereceden daha kiigiik kavrama acilar1 bu sistemde

optimizasyona alinmamustir.
Optimizasyon 2b;

Cizelge 7. Optimizasyon 2b sonuglari

my=2, i=64/33 ve , P=65 KW n:4500 rpm , b=20mm, aon=20"
Helis Hacim Kiitle Nomal Tegetse Kavram Givenlik Givenlik  Faktori
acisi, V(mm?) m (kg) kuvvet | kuvvet a orani Faktori S (-) Su(-)
80) Fa (N) Fe(N) (€)
1 2. 1 2. Digli
.Digl Disli .Digl
i i
16 33402 2,622 | 44487 | 4002, 2,481 1,9 1,9 1,1 1,190
0,079 48 263 0 35 93 86
18 34163 2,682 | 44489 | 3959, 2,563 2,0 2,0 1,2 1,290
5,199 25 921 4 39 96 30
20 35040 2,751 | 4449,1 | 3912, 2,642 2,1 2,1 1,2 1,256
8,483 22 779 0 16 72 56
30 41590 3,265 | 44504 | 3607, 2,975 2,5 2,6 1,4 1,419
9,877 11 081 5 73 14 19
40 53680 4212 | 44521 | 3191, 3,208 2,8 2,9 1,6 1,692
1,441 80 919 3 97 13 92
50 77029 6,047 44543 2679, 3,347 3,2 3,2 2,1 2,131
5,614 89 667 0 95 91 31
55 97219 7,632 4455,6 23918 3,386 3,4 3,4 2,4 2,436
0,090 40 05 2 88 77 36
Helis agis1, 55 dereceden sonra sistem girdileri ile
uyusmamaktadir. Ayrica 47 derecen sonra sistem
parametreleri mukavemet hesaplamalarimin  diginda

kalmaktadir ve 55 derecede sistemin hiz hesaplamasi,
minimum kritik hizdan yiiksek olmaktadir.

Ayrica modiiliin 2 oldugu durumda, 16 derece sistem hata
vermektedir. 16 dereceden daha kiigiik helis agilart
kullanildiginda sistemde daha biiyiikk hata oranlar
goriilecegi i¢in optimizasyon 16’dan kiiclik degerler igin
gerceklestirilmemistir.

Optimizasyon 2c;

Cizelge 8. Optimizasyon 2c¢ sonuglari

mn=2, i=64/33 ve , P=65 KW n:4500 rpm , B =18", a on=20"
Dis Hacim Kutle Nomal Tegets Kavra Guvenlik Guvenlik
denisli V(mm m kuvvet el ma Faktéri SF (- Faktori SH (-)
gi b 3) (kg) Fn (N) kuvvet orani )
(mm) Ft (N) (€
1 2. 1 2. Digli
Disl Digli .Disl
i i
18,9 322,84 2,534 4448,9 3959, 2,509 1,9 2,0 1,1 1,201
5,263 25 921 3 50 05 99
20 34162 2,682 4448,9 3959, 2,563 2,0 2,0 1,2 1,230
5,199 25 921 4 39 96 30
22 37579 2,960 4448,9 3959, 2,661 2,1 2,2 1,2 1,264
8,719 25 921 8 58 18 64
25 42704 3,352 4448,9 3959, 2,809 23 23 1,3 1,302
3,999 25 921 3 02 67 02
30 51245 4,023 44489 3959, 3,065 2,4 2,5 13 1,353
2,798 25 921 52 85 55 53

Kiitle artisina sebep olan bir deger, fakat yapilan
parametre degisiminin gilivenlik katsayilar iizerine etkisi
gozlenmek istedigi icin optimizasyon tablosuna
eklenmistir.

Optimizasyon 3;

Modiil degerini 2,5 alarak, kiitle ve hacim optimizasyonu
yapilmaya calisilmistir. Degisim parametreleri helis agisi,
dis genisligi ve kavrama agisidir. 3. Optimizasyon sadece
dis genisligi parametresini diisiirmek iizerine yapilmustir.
Bunun  sebebi, yukarida yaptigimiz  parametre
degisimlerinde, kavrama agis1 ve helis agisindaki kiitle ve
hacim degisimleri gbzlendiginde; kavrama agisinin biiytik
bir etkisinin olmadig1 tespit edilmistir. Helis agis1 ise
modiiliin 2,5 oldugu durumda, giivenli tasarimlar elde
etmemizi saglasa da belirledigimiz helis agis1 degerlerinde
kiitle ve hacimden tasarruf sartimizi saglayamamaktadir.
Bunu saglayabilecegimiz tek parametre dis genisligidir.

Standart tasarimimizda belirledigimiz 20mm dis genisligi
degerimizi arttrmamiz yukaridaki sonuglardan yola
cikarak kiitle ve hacmi arttiracaktir. Bu sebeple sadece dis
genisligini azaltma yoniinde optimizasyonlar yapilip, en
optimum ve giivenli degerler aranmugtir.

mn=2,5 i=64/33 ve , P=65 KW n:4500 rpm , B =18", aon=20"
Dis Hacim Kitle Nomal Tegets Kavra Guvenlik Guvenlik
denigli V(mm m kuvvet el ma Faktord SF (-) Faktori SH (-)
gi b 3) (kg) Fn (N) kuvvet orani
(mm) Ft (N) (€
1 2.Digli | 1.Disli | 2.
.Digl Digli
i
10 27242 2,139 3559,1 3167, 1,973 1,5 1,619 1,067 1,08
4,830 40 937 2 78 8
13,5 36777 2,887 3559,1 3167, 2,111 19 1,999 1,193 1,21
3,521 40 937 0 48 1
14 38139 2,994 3559,1 3167, 2,130 2 2,052 1,209 1,22
4,762 40 937 6 7
16 43587 3,422 3559,1 3167, 2,209 2,1 2,256 1,273 1,28
9,728 40 937 3 98 8
18 49036 3,849 3559,1 3167, 2,288 23 2,447 1,330 1,34
4,694 40 937 0 85 3
20 54484 4,277 3559,1 3167, 2,366 2,5 2,629 1,384 1,39
9,660 40 937 7 62 4

Cizelge 9. Optimizasyon 3a sonuglari
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Cizelge 10. Genel optimizasyon sonuglari

Disli sistemlerinde dustik kitle ve hacimli tasarim optimizasyonu

Modiil: 2,3 Moddl: 2 Moddl: 2,3 Moddl: 2
Kavrama Kitle Helis agisi Helis
agis agisi

Kiitle

Kavrama

458095,673 13 435598,9
89
16 458117,822 3,596 17 16 448073,8 | 3,517 16
27
18 458133,434 3,596 18 341626,5 18 458144,8 | 3,596 18 341635,1
87 23 99
20 458144,823 3,596 20 341635,1 2,682 20 469747,4 | 3,688 20 350408,4 | 2,751
99 91 83
22 458153,371 3,597 22% 341641,6 2,682 25 506393,3 | 3,975 - - -
62 91
24 458159,942 3,597 - - - 30 556373,0 | 4,368 30 415909,8 | 3,265
82 77
25 458162,669 3,597 25* 341648,6 2,682 40 716252,1 | 5,623 40 536801,4 | 4,212
93 82 41
- - - - - - 47 908508,3 | 7,132 - - -
32
- - - - - - 50 1025048, | 8,047 50 770295,6 | 6,047
22 14
- - - - - - 55 1292053, 10,143 55 972190,0 | 7,632
67 9
Modiil: 2,3 Moddl: 2 Moddl: 2,5
Dis genisligi Hacim Kutle Dis Hacim Kutle Dis genisligi Hacim Kutle
genisligi
10 229072,4 | 1,798 - 10 - - -
12

13,5

- 14 381394,7 2,994 - - -
62
15 - - - - - -
16 366515,8 16 435879,7 3,422 - - -
59 28
18 412330,3 3,237 18,9 18 490364,6 3,849 - - -
41 94
20 458144,8 3,596 20 341635,1 2,682 20 544849,6 4,277 - - -
23 99 6
22 503959,3 3,956 22 375798,7 2,95 - - -
06 19
25 572681,0 4,496 25 427043,9 3,352 - - - - - -
29 99
30 687217,2 5,395 30 512452,7 4,023 - - - - - -
35 98
Cizelge 11. Optimizasyon genel sonuglari
Optimizasyon sartlarina uygun gikti veren tasarim ve ozellikleri
Degisken degerler Hesaplanan degerler Sabit degerler Hesaplanan degerler
Secim Modiil Dis Kavra Helis SH SF Cevrim Dis Giig Devir Kiitle Hacim Tegetsel
genisligi ma agisi orani sayisi kuvvet(N)
agisi
2. Digli 1. Digli 2. Digli
Baslang! 2,3 20 20 18 1,323 1,329 2,349 2,412 1,93 64,33 64 4500 3,595 458144,8 3443,41
¢
tasarimi
Segim 1 2 20 18 18 1,207 1,208 1,989 2,048 1,93 64,33 64 4500 2,682 341626,6 3959,97
Segim 2 2 20 20 18 1,23 1,23 2,039 2,095 1,93 64,33 64 4500 2,682 341635,2 3959,921
Se¢im 3 23 16 20 18 1,21 1,222 1,998 2,052 1,93 64,33 64 4500 2,877 366515,9 3443,41
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Cizelge 11°de gosterildigi modiilin 2,3 oldugu durumda
kavrama agist degistirildiginde kiitle ve hacim de
degismektedir. Kavrama agisinin arttirilmasi kiitleyi ve
hacmi arttirmaktadir. Fakat bu oran diger parametrelerin
degisimine gore biraz daha diisiiktiir ve etkili bir seviyede
degildir. Tabloda gosterilen kirmizi renkli hiicrelerde
parametre degisimi sonucunda ¢ikan degerlerin giivenlik
degerlerine uymayan sonuglari gosterilmistir. Kavrama
acist modilin 2,3 oldugu durumda 12 dereceden daha
kiigiik degerlerde giivenlik degerini saglamamaktadir. Ve
12 dereceden daha biiyilk bir deger kullanilmasi
gerekmektedir. Yesil renkle gosterilen standart/baslangic
tasarimimizdaki degerin tlizerindeki kavrama agilarinda ise
kiitle ve hacmin artig gosterdigi fakat bu artisin gozle
goriiliir biiyiik seviyelerde olmadigr go6zlenmektedir.
Kavrama acisinin 25 dereceden daha biiylik oldugu
durumlarda ise sistem girdileri helis disli sisteminin
calismasi sirasindaki hiz degerini saglamadigi ve giivenlik
degerlerini saglamadig1 sonucunu verdigi i¢cin bu modiil
degeri i¢in ve bu parametrelerde 25 dereceden

daha biiyiikk kavrama acilarmin kullanilmast uygun
degildir.

Kavrama acgist degerinin degisiminin kiitle ve hacim
iizerine etkisini inceledigimiz durumda modiili 2
aldigimiz zaman giivenlik sartlarna uyma durumuna
uygunluk gosterme agisi daha da biiylimektedir. Yani 17
derecede ve daha kiigiik kavrama agilarinda sistem
tasarlandigi zaman digli grubu giivenli ¢alisma o6zelligi
gostermemektedir. Bunun disinda kavrama agisi
arttirildiginda kiitle ve hacmin artmasi 6zelligi yine ayni
kalmaktadir. Yani buradan modiil degeri kiiciildiigii
zaman kavrama acisin1 daha diisiik degerlerde kullanma
ozelliginin  negatif yonde etkilendigi  sonucunu
gozlemlemekteyiz. Modiilii arttirdigimizda ise kavrama
agist kullanma igin sinir degerimiz daha da yiikselecektir.

Fakat kavrama agis1 ve modiil degerinin arttiritlmasi hacim
ve kiitleyi de arttirdigi icin bu calisma da azaltma
yoniindeki tasarimlarda uygun giivenlik kosullarini
saglayan degerlerdeki sonuglar {izerinde durulmustur.
Kavrama agis1 parametresi i¢in yapilan optimizasyonlar
sonucunda yapilan degerlendirmeye gore, kiitle ve
hacimden giivenli bir sekilde tasarruf edebildigimiz
tasarimin  modiiliin  kiigiiltiliip 2 yapilarak kavrama
acisinin 18 ve 25 derece arasinda degerler aldig
tasarimlarda olusturulabildigi gézlenmistir.

Kavrama acis1 igin yapilan degerlendirmenin aynisi helis
agist icin de gecerlidir. Yani helis agis1 arttirildikca kiitle
ve hacimde artmaktadir. Ve bu artis oran1 kavrama agisi
degisimine gore daha yiiksek ve gozle goriiliir bir
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seviyededir. Helis agisi parametresinin degisimin giivenli
tasarim lizerine etkisi degerlendirildiginde modiil arttik¢a
kritik/sinir helis agis1 degerinin azaldigi, modiil azaldik¢a
ise kritik helis acist degerinin ise yiikseldigi
gbzlenmektedir. Ornegin tabloda gozlenen modiiliin 2,3
oldugu durumda 10 derece ve daha kiiciik degerlerde helis
acisinin bu tasarim i¢in giivenli sonuglar vermedigi sonucu
modiiliin 2 oldugu durumda helis agisinin 16 oldugu deger
ve daha kiiciik degerlerinde giivenli tasarimlar
olusturulamadigi durum halin gelmektedir. Ve kritik deger
yiikselmektedir. Helis agis1 degisimi i¢in yapilan
optimizasyonlarda kiitle ve hacimden giivenli bir sekilde
tasarruf edilebildigi en uygun tasarimin, modiiliin 2,3
oldugu durumlardaki helis agisinin 13 ve 17 derece
arasinda oldugu (13 ve 17 de dahil) degerler ile modiiliin
2 oldugu durumda helis agisinin 17 ve 30 derece arasinda
degerler aldig1 (17 ve 30 da dahil) denemelerde oldugu
gozlenmistir.

Modiiliin 2,5 oldugu durum i¢in sadece dis genisligi
iizerinde  optimizasyon  yapilmistir. Bu  karara
optimizasyon 1d boliimiinden alinan verilerden ulasilmig
olup, modiiliin artmasi ile kiitle ve hacimden tasarruf
saglanamamasit sonucuna ulagilmistir. Kiitle veya
hacimden tasarruf saglanmasi icin ancak kavrama agisi,
helis agis1  veya parametreleri olan  degisim
parametrelerinin baslangic tasarimindan daha kiigiik
degerlerde kullanilmasi gerekmektedir. Ancak bu sonucu
elde edebilmek icin yapilan kiiglik parametre degerlerin de
ise ylizey ve dis dibi gerilmeleri faktorleri istenen kritik
degerden yiiksek bir deger verememekte ve tasarimlar
giivenli olamamaktadir. Ayrica kavrama agisinin kiitle ve
hacim degisimine biiylik oranda bir etkisinin olmadigi
gbzlenmis, modiilin 2,5 oldugu deger i¢in 2,3 oldugu
degerden daha yiiksek kiitle degeri elde edilecegi i¢in bu
deger optimizasyona biiyiilk modiill degerleri i¢in
almmamustir. Bu sebeple sadece dis genisligi icin bu kiitle
ve hacim degisimi gézlemlenmeye caligilmistir.

Dis genisligi degisimi icin yapilan optimizasyonlarda da
yine ayni sonuglara ulasilmig, modiiliin artmasi ile kritik
giivenli dis genisligi degerinin distiigii, azaldikca kritik
dis genisligi degerinin arttig1i gozlenmektedir. Dis
genisligi  baslangi¢ tasariminda 20 mm  olarak
kullanilmistir. Bu degerden yiiksek olan degerlerde kiitle
ve hacimden tasarruf saglanamamakta ve artis
gozlenmistir. Bu degerden daha kiigiik dis genisligi
degerleri i¢in modiiliin 2,3 oldugu durumda simir giivenli
dis genisligi degeri 15mm (bu degerde de giivensiz);
modiiliin 2 oldugu durumda 18,9 mm; modiiliin 2,5 oldugu
durumda ise 13,5 degeri sinir deger olarak hesaplanmustir.
Yapilan dis genigligi degisim  optimizasyonlari
degerlendirildiginde, degerlendirildiginde kiitle den
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tasarruf edebildigimiz durumlarin modiiliin 2,5 oldugu
durumda 14-16mm arasi (14 ve 16 da dahil) degerler ile
modiiliin 2,3 oldugu durumdaki 16 ve 19mm arasindaki
(16 ve 19 da dahil) degerler oldugu gozlenmistir.

Sekilde standart tasarimdan tasarruf edebildigimiz 3 adet

tasarimin optimizasyonunda da kullanilan parametre
degerleri verilmistir. Bu degerler ve yukaridaki elde
ettigimiz sonuglar kiyaslandiginda kiitle ve hacmi
azaltmamzi saglayan modiil degeri disiiriildiigiinde
diglilerin birbirlerine temas ettikleri noktada olusan
tegetsel kuvvetin artis gosterdigi gozlenmistir. Ayrica
modiilii diigiirdiigiimiizde dis dibi ve dis temas yiizeyi
gerilmeleri faktorleri kritik degere yaklagmaktadir. Yani
kiitleden tasarruf etme ve giivenlik katsay1 sartin1 saglama
kosulu arasinda bir ters oranti oldugu goriilmektedir.
Veriler dahilinde olusturulacak disli tasarimlarmin
calismalar1 sirasinda olusabilecek gerilme dagilimlarini
gorebilmek ve hasar olusabilecek noktalari tespit edip,
parametre degerlerinin uygunlugunu tespit edebilmek icin
ANSYS WORKBENH programinda analiz edilmislerdir.
Analize ait bilgiler ve sonuglar asagida verilmistir.

3. SONUC VE DEGERLENDIRME [CONCLUSION]

Sekil 8. Ansys workbench analiz sonuglari

A. Baslangi¢ tasarimi icin gerileme analizi S——

Disli sistemi kiigiik diglinin mil girisinden momente maruz

A: Static Structural

birakilmistir. Uygulanan tork degeri 137,934 Nm’dir. e —
Digli sistemi biiylik dislinin mil girisi bdliimiinden R
sabitlenmistir i

1953

B: Static Structural

ew [ 55799
Type: Equivalent (von-Mises) Stress -
Unit: Py

Time: 1
20120221726

D\Geometry (Printreview ) Reportrevien/ ]

Tabular Data ?

Sekil 9. Ansys workbench analiz sonuglari

15,00 45,00

Sekil 6. Ansys workbench analiz sonuglar1

Secim 1 igin ANSYS WORKBENCH analizi

Secim 1’e baglangi¢ tasarimina uygulanan islemlerin
aynist uygulanmistir. Verilen moment optimizasyonun

temel sarti olarak tiim analizlerde ayni deger olarak .
uygulanmustir.(137,094 Nm) Sekil 10. Ansys workbench analiz sonuglari
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Cizelge 12. Ansys workbench analiz genel sonuglari

SONLU ELEMANLAR ANALIZ SONUCU
Baslangig . . .
tasarim Secim 1 Secim 2 Secim 3
Maksimum
- 25,354 97,438 25,109
getllme 22,086 MPa MPa MPa MPa
degeri
Minimum
- 1,4375 9,6083 1,5145
getllme 1,6736 MPa MPa MPa MPa
degeri

Bu c¢alismanin amac kiitle ve hacim optimizasyonunu,
giivenlik sinirlar1 igerisinde gergeklestiren en uygun
tasarimi bulmak ve bu tasarimi saglayan parametreler ile
ilgili yorum yaparak hangi disli 6lgiistiniin degisiminin
etkisinin ne oldugunu gozlemlemektir. Bu amagcla yapilan
optimizasyonlar sonucunda disliler lizerine kavrama agisi,
helis agisi, dis genisligi ve helis disliler i¢in normal modiil
degerinin etkisi gdzlenmistir.

Optimizasyon 1’de modiil baglangi¢ tasarimi ile ayni
kalmigtir. Yani modiil degeri 2,3, giic 65 KW, devir 4500
rpm ve tork 137,934Nm olarak sabit kalmustir. Bu sabitler
1s1ginda ilk olarak kavrama agisi degistirilip etkisi ve
sinirlart  goézlenmek istenmistir. Buna gore kavrama
acisinin kiitle ve hacim azaltmaya istenen derecede bir
etkisi olmamakla beraber, kavrama agisiin artisi ile belli
bir miktarda kiitle ve hacim artis1 s6z konusudur. Yani
kavrama agcist ile kiitle ve hacim arasinda dogru oranti
vardir. Kavrama agis1 arttirildiginda diglilerin  temas
noktasindaki  normal  kuvvet degeri de artig
gostermektedir. Buna kars1 tegetsel kuvvet ile kavrama
acist arasinda ters oranti olup, aginin artis1 ile tegetsel
kuvvet azalmaktadir. Dislilerin kavrama oram1 kavrama
acisinin  arttirllmas1 ile azalmaktadir. Bilindigi gibi
kavrama orani, kavrama boyunun disli taksimatina orani
olarak bilinmektedir. Ve disliler ile ilgili kaynaklar ile
yapilan hesaplamalarda 1’den biiyiik olmasi gerektigi
belirtilmistir. Bu kural dahilinde sistemimizde kavrama
oraninin 1’den uzaklagmasi olumlu olarak goriiliirse
kavrama agisimin arttirilmasi digli ciftlerindeki kavrama
oranina negatif yonde bir etkisinin oldugu sdylenebilir.

Dis dibi giivenlik faktorii ve disli temas yiizeyi giivenlik
faktorleri dikkate alindiginda yani disli temas gerilmeleri
incelendiginde kavrama acgismin artisi ile disli glivenlik
faktorlerinin arttigi gézlenmistir. Bu da aralarinda dogru
oranti oldugu ve belirli smirlar iginde artisin giivenli
disliler gruplar1 olusturmaya pozitif yonde bir etkisinin
oldugunu gostermektedir. Yalmiz SH degeri 1.
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Optimizasyonda 12 derecede dahil olmak tlizere giivenlik
siirmin  altina  diismekte ve disli ylizey gerilmeleri
calisma esnasinda deformasyona sebebiyet
verilebilecegini gostermektedir. Kavrama agis1 12
dereceden daha kiiciik derecelerde kullanildiginda da yine
giivensiz sistemler olusmakta ve tasarim i¢in uygunluk
gostermektedir. Sonug olarak kavrama acisimi kiiciik ve
giivenli degerlerde yakalamamiz hacim ve kiitleden
tasarrufu saglamakta fakat 12 derece kavrama agisi igin
baslangic modiiliimiizde smir kabul edilmektedir.
Kavrama agisini 25 derecenin tlizerine ¢ikardigimizda ise
iki dislinin yiizeylerinin birbirini kestigi ve 25 derece ve
sonrasinda kavrama agis1 degerlerinin kullanilmamasi
sonucuna ulagilmaktadir.

Kavrama agis1 parametresini modiili  kiiciilterek
(Optimizasyon 2) denemeye aldigimizda kavrama agisi
azaltimi i¢in kritik degerin yiikseldigi ve yiiksek kavrama
acilart kullanmamiz gerektigi sonucuna ulasilmaktadir.
Fakat modiilii azaltmak disli kiitlesini azaltan bir durum
oldugu i¢in daha yiiksek kavrama agilarinda da diistik
kiitle ve hacimler elde edilebilmektedir.

Helis acis1 degisimini optimizasyon 1 i¢in yani modiilii ve
diger sabit degerleri baslangi¢ tasarimiyla ayni oldugunu
kabul ederek inceledigimizde helis agisi igin kritik ve
giivensiz Uist limit degerin 10 derece oldugu gézlenmistir.
10 derecede ve daha kiigiik helis acis1 degerlerinde modiil
2,3 iken Sistemin SH degeri giivenlik simirinin altinda
kalmaktadir. Helis agis1 ile kiitle ve hacim arasinda bir
dogru orant1 s6z konusudur. Yani helis agisinin artisi ile
kiitle veya hacim de artmaktadir. Fakat, helis agis1, 55
dereceden sonra sistem girdileri ile uyusmamaktadir.
Ayrica 47 derecen sonra sistem parametreleri mukavemet
hesaplamalarinin diginda kalmaktadir ve 55 derece de
sistemin hiz hesaplamasi, minimum kritik hizdan yiiksek
olmaktadir. Helis agis1 ile normal kuvvet arasinda dogru
orant;; tegetsel kuvvet arasinda ters orant1 oldugu
gozlenmistir. Helis acist degeri arttikca kavrama orani
degeri de artmaktadir. Ve kavrama acisi ile kavrama orani
arasindaki iligki i¢in yaptigimiz yorumu helis agisi-
kavrama orami iliskisi i¢in de yapabiliriz yorumuna
ulagsmaktayiz. Glivenlik degerleri olan SH ve SF de helis
acisi ile dogru orantili olarak iliskilendirilmistir. Modiilii
azalttigimizda (Optimizasyon 2) ise, helis agisi igin
giivenli iist sinir degeri biiylimektedir ve 16 dereceye
cikmaktadir.

Fakat kiitle ve hacim azaltimi olarak degerlendirildiginde
modiilii 2 yaptigimiz denemelerdeki kiitle ve hacim,
baslangi¢ tasarimindan diisiik oldugu igin, helis agisin1 30
dereceye kadar kullandigimiz durumlar igin ¢alisma
amacimizi gerceklestirebilmekteyiz. Modiilii arttirmak
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kiitle veya hacim artisina sebep olacagi ve baglangic
tasarimindan yiiksek kiitle degerleri yakalanacagi icin
helis agis1 ve kavrama agist modiilii Dbiiylitme
optimizasyonuna (Optimizasyon 3) alinmamustir.

Dis genisligi degisimi inceledigimizde kiitle ve hacim
degisimi ile dogru orantili oldugu, normal ve tegetsel
kuvvet degerlerine bir etkisinin olmadig1 goézlenmistir.
Diglilerin kavrama oranlar ve giivenlik faktorleri ile dogru
orantili oldugu gozlenmistir. Optimizasyon 1 igin dis
genisligi olarak st kritik sinir 15 mm iken, modiili
diisiiriip dis genisligi degisimi inceledigimiz optimizasyon
2¢ igin kritik deger 18,9 mm’ye c¢ikmaktadir.
Optimizasyon 3a i¢in ise modilii yiikseltmemiz
neticesinde giivenlik degerleri de dogru orantili olarak
artacag i¢in sinir degerlerden uzaklasilip, dis genisligi i¢in
kritik st degeri 13,5’a tasimaktayiz.(Tespit edilen tiim
kritik degerler calismada kullanilan sabitler ve bu tasarim
girdileri igin gegerlidir. Farkli sabit degerler kullanilarak
optimizasyonlar i¢in farkli kritik/sinir degerler elde
edilebilir.)

Son olarak modiil degisimini inceledigimiz optimizasyon
1d i¢in modiil disinda diger tiim parametreler baslangic
tasarimda oldugu gibi kalmistir. Bu sayede modiil
degisiminin amag¢ fonksiyonumuza ulagmadaki etkisi
gbzlemlenebilmistir. Sonug olarak modiiliin artisi kiitle ve
hacim degerini de radikal olarak arttirmaktadir ve
aralarinda dogru orant1 s6z konusudur. Modiil degeri ile
normal ve tegetsel kuvvet degerleri ters orantilidir. Modiil
degerini arttirmamiz  sistemi daha giivenli hale
getirmektedir ve giivenlik faktorleri ile de dogru oranti s6z
konusudur. Optimizasyon 1d i¢in modiil st kritik degeri
1,9°dur. Ve alt smir olarak modil degeri 4,3 ve
sonrasindaki degerlerde kullanildiginda, disli grubunun
dayanabilecegi minimum kritik hizdan daha yiiksek bir hiz
degeri hesaplanmakta ve sistemin bu sekilde tasarlanmasi
uygun goriilmemektedir.

Cizelge 12’de goriildigl gibi se¢imi yapilan uygun 3
tasarim ile baglangi¢ tasarimi kiyaslandiginda 3 tasarimin
da maksimum gerilme degerlerinin dislinin malzemesi
olan 16MnCr5 alasim elementinin akma dayanimini
asmadig1 gozlenmektedir. 3 sistemde giivenli olmakla
beraber maksimum gerilmeler kiyaslandiginda baslangi¢
tasarimi  digindaki 3 tasariminda sistemin dis basi
bolgelerinde bir gerilme artisina sebep oldugu
gozlenmistir. Ozellikle dis genisligini 16 mm olarak
sectigimiz ‘Se¢im 3’ tasarimi igin, dis basi maksimum
gerilme miktar1 yiiksek bir artis gdstermistir. Bu da dis
genisligini azaltmanin dislinin mukavemetini azaltan bir
faktor oldugu nu gostermektedir.
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Disli sistemlerinde profil parametrelerinde degisim
yapilarak kiitle ve hacimden tasarrufun arandigi deney
caligmalarinda kavrama agisi, helis agisi, modil ve dis
genisligi degerlerinin sistemlerin kiitle ve hacimlerini
arttirdigi sonucuna varilmaktadir. Fakat modiil burada
esas parametre olarak alinirsa, baslangicta modiiliin
kiigiiltiiliip diger parametrelerin arttirilmasi ile glivenlik
faktorlerinin saglanmasi dengesi kurulabilir. Bu mantikla
kurulan tasarimlarda hem daha az malzeme kullanimi hem
de mukavemeti yiiksek disli gruplari makine sistemlerine
kazandirilabilir.

ETiK KURALLARA UYGUNLUK
[COMPLIANCE WITH ETHICAL RULES]

Bu makaledeki tiim bilgilerin akademik kurallara ve etik
ilkelere uygun olarak elde edildigini ve sunuldugunu;
ayrica bu kurallarin ve ilkelerin gerektirdigi sekilde, bu
calismadan kaynaklanmayan biitiin atiflar1  yaptigim
beyan ederim.
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In tunnel engineering, soft ground tunneling has attracted the attention of tunnels engineers and
researches. In this study, an analysis of the displacements and the tunnel face stability in soft
ground (layered ground) using several calculation methods aimed at making confrontations are
presented. Our purposes to approach 3D modelling in tunneling by a series of 2D computations
using three procedures: The Lost Volume method (LVM), the Convergence Confinement
method (CCM) and the face pressure method (Pg). A series of 2D and 3D numerical studies were
carried out to estimate the settlements and longitudinal displacements and the tunnel face
stability. Empirical approaches have also been used to make comparisons. The results showed
the interest of such analysis. The comparison of the numerical results to those calculated with
different methods shows good agreement.

\ Longitudinal

Settlement

Transversal
settlement

Behind

ahea/
Advancing of Tunnel

Figure A. Settlement trough obtained from 3D FE analysis

Aim of Article: This paper reports the two and three dimensional numerical results of a study
carried out to estimate the surface settlements, longitudinal displacements and face stability
induced by the excavation of shallow tunnel in soft ground. Empirical approaches were also used
to make comparisons. The aim of this study was to use several 2D calculation methods to account
for the 3D effect in the tunneling.

Theory and Methodology: Tunnel excavation is a 3D problem. However, 3D numerical analysis
often requires excessive computational resources (storage and time). Consequently, tunnel
excavation is often simulated 2D. Various methods have been proposed to take account 3D effect
of tunnel face to model tunnel construction. In this study, three methods are used to simulate
tunneling in order to make comparisons: the Lost Volume method (LVM), the Convergence-
Confinement method (CCM) and the face pressure method (Ps). We use Plaxis 2D and Plaxis 3D
Tunnel software’s for numerical calculation. Also, empirical and analytical approaches have
been used to make comparisons using the popular methods of [1] for transversal displacement
and [2] for longitudinal displacement.

Findings and Results: For predicting tunnel induced soil movement for shallow tunnel, we were
highlights how 3D modelling the transverse settlement profile by comparing these results with
2D analyses using Plaxis finite elements software. The longitudinal settlement trough is also
assessed with tunnel face stability. The results showed the interest of such analysis. The
comparison of the 3D numerical results to those calculated with different methods 2D shows good
agreement and led to useful conclusions for tunnel design.

Conclusion: in this paper, we have shown the interest of a 2D analysis using appropriate
calculations confronted to 3D results, it turned out that the LVM and Ps methods provided results
close to the actual excavation process. For the CCM method; the settlements are similar to those
in 3D provided that the unsupported distance is reduced.
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= The results showed the interest of such analysis. The results can be used to show the utility of using 2D simulations instead of 3D for

preliminary calculations.

= The good agreement acquired by this comparison has led to useful conclusions for the design of tunnel

= The study shows that we can use 2D calculations to approach the three-dimensional reality of tunnels at least in preliminary studies

= 3D numerical analysis often requires excessive computational resources (storage and time). Consequently, tunnel excavation is often
simulated 2D. Various methods have been proposed to take account 3D effect of tunnel face to model tunnel construction. The 3 methods used

have shown their benefict.
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In urban areas, tunneling can induce ground movements which disturb the soil and
surrounding structures. In tunnel engineering, soft ground tunneling has attracted the
attention of tunnels engineers and researches. Several calculation methods have been
invested in order to evaluate these movements caused by the excavation of tunnels which the
design requires a proper estimation of surface movements and face stability analysis, varying
from simple empirical and analytical formulas to advance analyzes using the Finite Element
Method. These analysis methods have significant effects on the estimation of the deformations
because the analysis method must take into account the interaction between the tunnel and
the ground; this turns out to be a purely 3D process which presents significant complexity
and difficulties of understanding and a very high calculation time and cost, which is why the
need has arisen to invest in 2D procedures which simple and useful for a first approximation
and preliminary design. The main objective of this article is to analyze the excavation effect
of a shallow tunnel excavated using tunnel boring machines (TBM) on soft layered ground
(sand and clay) and to compare the results obtained from an empirical and analytical
solutions with 2D and 3D finite elements numerical analyses. In this study, three calculation
procedures were invested: Lost Volume Method, Convergence-Confinement Method, and
Face Pressure Method. In parallel, a face stability analysis as well as failure mechanisms by
face collapse were also obtained. The results showed the interest of such analysis. The
comparison of the numerical results to those calculated with different methods shows good
agreement.

Keywords: Shield tunneling, Two and three dimensionnal Finite element analysis,
Settlement, longitudinal displacement, tunnel face stability analysis

provide the required infrastructure. The process of

I. INTRODUCTION tunneling is very complex and the tunnel excavation is a
The increase in population requires urban space which 3D Mechanism. A better understanding into these
becomes more limited, underground works have become ~ mechanisms that control the tunneling induced
an absolute solution to remedy this problem and to  deformations could reduce costs and help avoid any

problems [3]. However, 3D numerical analysis often
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requires excessive computational resources (storage and
time). In order to overcome this difficulty, engineers
adopt simplified approaches using two-dimensional
model, which is obviously a simplification of the real
problem. Various methods have been proposed to take
into account the 3D effect of the working face to model
the construction of the tunnel in 2D such as: the ground
volume loss method (LVM), the Convergence-
Confinement method (CCM) and the face pressure (Ps).
Several authors have carried out research to account for
three-dimensional aspects in two-dimensional models
[4-5-6-7-8-9-10]. These 2D models frequently lead to
satisfactory displacement values with respect to
measurements and to an estimate of the redistribution of
stress [11].

Mroueh and Shahrour proposed a simplified 3D
numerical model for the prediction of ground
movements induced during the construction of a tunnel
using TBM (Tunnel Boring Machine) based on the
generalization of the Convergence-Confinement method
(CCM) only [6]. Vitali and others show that 3D model
agrees a more accurate analysis of the soil's construction
effects and the repercussions of some key parameters
such as the injection grout and chamber pressures [12].
In the study of [13], the authors focuses on the three-
dimensional cross excavation problem of two tunnels,
the numerical analysis method is used to study the effect
of multi-tunnel excavation on the settlement of the
ground surface. A series of three-dimensional finite
element models were constructed to consider the
intersection of two tunnels with different relative
positions and different spacing. In their study, the 2D
simulation is extended to 3D simulation for a more
comprehensive  understanding of the ground
deformation affected by twin tunnel excavation. These
models take into account only the ground volume loss
method (LVM). [14] investigate the surface subsidence
due to tunneling in 3D, the simultaneous impact of depth
and diameter of the tunnel in both saturated and dry
conditions have been investigated also using a FLAC3D
Finite Difference program. Results showed that depth
and diameter induce a significant effect on the ground
surface displacement values. As face pressure increases
(Ps), the effect of tunnel depth and diameter on surface
and crown displacements decreases.

To date, the majority of research work done to predict
movement caused by tunneling uses one method to take
account the 3D effect into 2D calculation. In our study,
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the main objective is to develop a better understanding
of the behavior of tunneling in ground using several
methods at the same time. The main objectives of this
paper are three-fold: first, to provide a 2D dimensional
numerical analysis to model the tunneling process of the
TBM (tunnel boring machine) in three methods: 1. the
ground loss volume (LVM) method, 2. the convergence
confinement method (CCM) and 3 face pressure method
(P+ method). Second, to simulate the 3D numerical
analysis for a proper prediction of surface movement. To
investigate its development, Plaxis 3D tunnel FE
program is used; and third, to analyze the stability of the
face. In addition, empirical approaches have been used
to make comparisons using the popular methods of [1]
for transversal displacement and [2] for longitudinal
displacement. The empirical results found have enriched
the study. Comparisons are presented, with the results
showed the usefulness of one method over the other.

Il. THEORY AND METHODOLOGY

There are mainly two settlement prediction approaches:
(i) empirical, based on empirical formulas derived from
past observations, (ii) numerical analysis such as finite
element approach, which is the most popular method. In
this study, both methods are employed to predict the
surface settlement above the tunnels.

We use empirical approaches using the popular methods
of [1] for transversal displacement and [2] for
longitudinal displacement. And Plaxis 2D and Plaxis 3D
Tunnel software’s for numerical calculation.

11.1 Empirical prediction for tunneling induced ground

The empirical methods are almost simple and useful.
However, their use is limited for design purposes.
Empirical methods aim at estimating the extent of the
movements starting from a relatively thus reduced
number of data they make it possible to obtain
preliminary results which it is necessary, however, to use
them with a great precaution. In practice, these methods
should be more or less guided by the analytical
approaches if they exist or by numerical calculations and
then to fix them on the experimental curves [15].
Tunneling will generally induce both transversal and
longitudinal settlements of ground movements.

I1.1.1 Transverse behavior Tunnel induced ground

The settlements which result from various excavation
phases generally has been found that the shape of the
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surface settlement troughs developing during tunnel
construction is reasonably well represented by a
Gaussian distribution described for the first time by [1]
as shown in Figure 1, the settlement S as:

SV(0) = Smaxexp (L) (1)

x=1i

.,
Se(¥)= 06065

- - __ - rﬁ?

) .
Figure 1. 2D Settlement parameters and notation.

where Smax is the maximum settlement, which occurs
above the tunnel centre line; The width of settlement
profile is defined by the important parameter i, which is
the distance from the tunnel centre line to the point of
inflexion of the trough (shown in Fig. 2);

The maximum settlement is calculated using the [16]
formula for the case of a circular tunnel with diameter

D:
0,313V,
Smax = %DZ (2)

For practical purposes, it is often reasonable to assume
that simple approximate ratio is given by [10] delimiting
the inflection point i: i=KH

With: H: tunnel depth, K is usually in the range from 0.4
to 0.5 for the cohesive soils and 0.25 to 0.35 for the
cohesiveness soils [8].

The settlements caused by tunneling are often
characterized by the term volume loss (V1), expressed as
a percentage of the notional excavated volume of the
tunnel.

Figure 2 shows the influence of volume loss on the
amplitude of settlement. The settlements increase with
increase of loss volume.
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Figure 2. Influence of the loss volume (V) on the maximum
surface settlement

11.1.2 Longitudinal behavior

The [2] empirical formulais used to assess surface
settlement in the longitudinal direction:

x2

Sy(x) = Smax-i%/z—nlfi(w e 2% 3)

Where X : is the distance to the face of the tunnel in the
longitudinal direction of settlement.

[2] indicate that the values of minima settlement and
maxima are reached respectively with x=+o (ahead of
the face) and at x=-oc (behind the face). They find that
settlement ahead of the face is reduced significantly
(Figure 3).

FACE POSITION

x=10
\U.I w_

Cumulative Gaussian curve

w=w, Flxi)
Figure. 3. Empirical longitudinal settlement trough [8].

Both [1] and [2] formulas were adopted in this study for
empirical calculation in order to estimate surface
settlements in the transverse and longitudinal direction.
It is about a trough of longitudinal settlement which
ensures the model quoted in the literature, where
displacements far ahead of the face are practically
negligible and this at a distance from the order of a 1,5
Diameter approximately. At the face, these settlements
are equal to 50% of maximum settlement.
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1.2 Numerical modeling
11.2.1 Two dimensional analyses

Tunnel excavation is a three-dimensional problem.
However, 3D numerical analysis often requires
excessive computational resources (storage and time).
Consequently, tunnel excavation is often simulated 2D.
Various methods have been proposed to take account 3D
effect of tunnel face to model tunnel construction. In this
paper, three methods are used to simulate tunneling in
order to make comparisons: the loss Volume method
(LVM), the Convergence-Confinement method (CCM)
and the face pressure method (Ps).

1. The Convergence-Confinement Method (CCM)
This method which is also referred to as the A method
was introduced by [17]. The parameter A describes the
proportion of unloading before the lining is installed. For
0 <A <1 the remaining radial stress on the lining is or =
(1-A) oo where oo is the initial stress in the radial
direction.

Using the following formula [18] :

AX)= ot (1-a) [1-(moR/ (MoR+X)2] 4)
With: o and mo are two constants (Taken respectively
0.25 and 0.75) and R: radius of excavation.

The three-dimensional character of the tunneling process
is introduced in this two-dimensional representation by
means of the convergence-confinement method [19],
which makes it possible to simulate the advance of the
facet by means of a dimensionless parameter A [11].

2. The face pressure method (Pg)

A face stability analysis relates directly to the face
pressure applied to the ground; the correct assessment of
this pressure to avoid the instability of tunnel face has
been the crucial obligation of various researchers who
have proposed analytical approaches to determine this
pressure.

Most of these approaches are based on the limit
equilibrium method (called LEM) introduced by [20-21-
22-23-24-25] or of limit analysis method (LAM)
proposed by researchers such as [26-27-28-29].

Table 1
Analytical evaluation of the face pressure (LEM and LAM)

Authors Formula LEM LAM
Broms & Pe =qs+yH-Nc, 188kPa

Bennermark

(1967)

Krause (1987) Pe=(Dy/3-I1c/2)/tand 90 kPa

Davis and N=2+2In(c/R+1) 179 kPa
al.(1980)

Atkinson & Pe =gstyH-(NcJ/ Fs) 195kPa

Mair (1981)

JOURNAL OF SCIENCE, TECHNOLOGY AND ENGINEERING RESEARCH 71
Bilim, Teknoloji ve Miihendislik Arastirmalari Dergisi, (2023) - 4(1): 67-77

Where: y= soil unit weight, c,=undrained shear strength
of the ground, gs=surcharge, H: Depth, N: stability ratio,
Fs: security coefficient, D= tunnel diameter, c: cohesion,
¢: friction angle.

We use Pr = 90 kPa calculated using the [21] formula.
Only the method of Krause appears to provide a face
pressure giving of the results being used to maintain the
stability of ground.

3. Loss Volume Method (LVM)

The loss volume (or contraction) method, implemented
in Plaxis, is a process stimulated by [30], where ground
loss is simulated by tunnel contraction. This method
consists of annulling out the foundation elements inside
the tunnel and letting the rest of the foundation deform
until the volume occupied by the tunnel is reduced in
accordance with a fixed rate. The loss volume is
simulated by applying a contraction to the tunnel lining.
A contraction rate of 0.5% was adopted following
parametric studies (See figure 2).

I11. APPLICATIONTO AMODEL STUDY

The case considered for this study is schematized in
Figure 4. It is concerning a shallow circular tunnel
excavated with the TBM (Tunnel Boring Machine). The
tunnel which is 8.5m. The tunnel axis lies 11.0 m below
the ground surface. The model is 20.0 m wide, it extends
25.0 m in the Z-direction and it is 20.0 m deep. With
these dimensions, the model is sufficiently large to allow
for any possible collapse mechanism to develop and to
avoid any influence from the model boundaries. The
subsoil consists of three layers. The upper sand layer is
2.0 m deep and extends from the ground surface. Below
the upper sand layer there is a clay layer of 12.0 m
thickness and this layer is underlain by a stiff sand layer
that extends to a large depth. Soil model is modeled
using the Mohr-Coulomb criterion,

Only one symmetric half is included due to symmetry.
The characteristics of the material are summarized in
table 2.

The tunnel lining was modelled with an elastic model
where flexural rigidity: EI = 143 MNm? and a normal
rigidity: EA=14 GN. And lining thickness e=0,35m.
The TBM and the soil are modelled by means of an
interface. The interface allows for the specification of a
reduced friction compared to the friction in the soil.
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Figure 4. FE mesh for tunnel excavation

Table 2.

Material properties of soils
Parameter Name Sand 1 Clay Sand 2 unit

. Mohr- Mohr-

Materiel Model Coulom  Monr- Coulom
Model b Coulomb b
soil KN/
Weight Yh 20.0 18.0 20.0 me
Young’s " " 4 kN/
Modulus E 1.3.10 1.0.10 7.5.10 m?
Poisson’s 03 0.35 03
ratio
Friction 31.0 25.0 310 o
angle

IV. TwO DIMENSIONAL FE ANALYSIS

Tunnel excavation is a three-dimensional problem [31-
32]. Fully three dimensional (3D) numerical analysis,
however, often requires excessive computational
resources (both storage and time). Therefore, tunnel
excavation is often modelled two dimensionally (2D).
In tunnel engineering, numerical analysis by the finite
element method (FEM) is widely utilized to understand
the stresses and deformations around the tunnel because
it can deduce indications clearly.

IV.1 Transverse behavior

For this part of study, all numerical analyses were
carried out using Plaxis 2D finite element programs. In
plane strain, the soil was modeled by 15-nodes elements
with 7860 nodes and 945 elements.

Figure 5 shows 2D FE mesh and boundaries conditions
for model. The horizontal and vertical displacements are
assumed to be zero at the level of the substratum and the
horizontal displacements are blocked on the lateral sides.

U=0, V=0
Figure.5 2D Finite Elements mesh

Figure 6 shows the development of transverse settlement
with tunnel progress.

It’s showing the comparison between the results
obtained for the 3 methods of calculation 2D with that
resulting from the method of [1] and calculation 3D. In
the transverse direction, the surface settlement profile
obtained is fairly consistent with the experimental
observations. each method reproduces a different
maximum settlement value but close to that of the three-
dimensional settlement trough only the two methods
known as face Pressure (Ps) and Contraction (LVM)
make it possible to describe the 3D curve in a very
satisfactory way the 2D numerical approach called
Convergence confinement with a confinement of 60%
predicts the widths and inflection points of troughs more
or less close to the 3D troughs. It is seen clearly that the
profiles are connected perfectly with the normal curves
for the three methods.

Distance from a tunnel center (m)

-20 -15 -10 -5 0
- } ‘ ‘ ‘ 0
- -0,0045
E
i - -0,009 o
—a— 3D analysis 8
—=— 2D analysis (VL=0,5%) b 00135 2
———— 2D analysis Pf=90 kPa 5]
—+— 2D analysis (MCC) " 0018 8
——o—— Empirical analysis =
20,0225

Figure.6 Transverse surface settlement troughs
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IV.2 Longitudinal behavior

Figure 7 represented longitudinal displacements
surfaces, it is showing the similarity of the two curves
for maximum settlement, both troughs corroborate the
model quoted in the literature, the only difference resides
in the value of maximum settlement (Smax). The
maximum settlement is about 12mm in the numerical
curve and that carried out Smax=20mm for empirical
calculation. It should in parallel be announced that
settlement at the face is equal to 50% of maximum
settlement.

Distance from face Z (m)

25 -20 -15 -10 -5 0 5 10 15 20 25
e = e e
¥

g 7 —=—— 3D Analysis

+—— Empirical analysis

longitudinal settlement (m)
*

Figure.7 Longitudinal surface settlement troughs

V. 3D DIMENSIONAL FE ANALYSIS

The prediction for transverse settlement profiles can be
improved by applying fully 3D FE analysis.

Numerical analyses were carried out using Plaxis 3D
tunnel finite element program. 3D parallel strain were
used, the soil was modeled by 15-nodes wedge elements
with 3447 nodes and 10596 elements. Figure 8 shows
3D mesh and boundaries conditions for model.

Figure. 8 3D FE mesh for tunnel excavation

V.1 Transverse Analysis

The analysis of the 3D results constitutes a difficulty
because of the quantity significant of information to be
treated. An analysis of the results starting from cuts in
2D already requires at this stage a considerable effort. If
it is considered that volume 3D is formed by an infinity
of plans 2D, which can contain significant information,
and then we can easily imagine the quantity of data to be
analysed. We thus had only some results selected among
the thousands available.

Figure 9 shows a vertical displacement at the face of the
tunnel (It’s about of approximately 12mm) which
reaches its maximum on crown and is propagated on the
surface in transversal and longitudinal directions by
reducing amplitude and while spreading themselves in
ahead of tunnel.

Thus, we can conclude, in parallel, that the face pressure
applied at the origin of calculations is sufficient to
maintain the stability of the face.
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Figure. 9. Vertical displacement

V.2 Face stability Analysis

Soft ground tunnelling in urban areas is more frequently
being performed using the shield method. Due to its
great influence on both ground settlement and
construction safety, face stability is one of the most
critical problems in shield tunneling.

In this research, a series of calculation were conducted
using different formula to determine the required
collapse pressure of a tunnel face during tunneling in our
layered soils (See table 1).

In this part, we have analyses the face tunnel stability of.
In tunneling, the face needs to be continuously supported
with a liquid pressure, air, or with a pressure of ground.
In our case, the pressure applied is in liquid form
(bentonite). This pressure is limited between two values
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(@ minimum and a maximum). A too low pressure can
lead to the face collapse (active state); and too high
pressure can take along to a blow-out and rising on the
surface (passive state) [33].

Stability can be defined by means of a safety factor;
which is implemented in Plaxis 3D tunnel program.
Figure 10 shows the mechanism of failure of model, note
that our first model is regarded as a heterogeneous
ground and this nature of ground is not studied in the
literature and obtaining the mechanism of failure around
the face was difficult.

We notice a mechanism of failure in the form of
chimney; inward a ground surface forming a crater of the
order of approximately one diameter; what corresponds,
more, with the mechanism of failure quoted in the
literature.

Silo of failure

Figure. 10 Mechanism of failure of Tunnel

In parallel, our analyses were extent with calculations of
extrusion to the face for other values of face pressure
lower than that which is enough to maintain stability
(Pe=90kPa). Probably, some one of these values
(Pe=70kPa, Pr=80kPa) gave the same results of
deformations; nevertheless for others like Pr=50kPa,
Pr=40kPa, Pr=30kPa; we found a failure.

These observations lead to a strong result for the
practice: the increase in the face pressure has, certainly
tendency to limit settlement of surface ahead of shield,
but results also in to accelerate settlements of surface
behind the face. The maximum face pressure to use must
thus be quite selected carefully.

Figure 11 exposes the results of surface longitudinal
settlement while varying face pressures by pushing the
mechanism to the failure. Settlements observed can be
directly connected to the imposed face pressure value.
This good correspondence confirms the interest which
the estimate of this parameter carries which could bring

into play all the stability.

Indeed, when this face pressure is higher than the earth
pressures (o), movements of repression are observed
whose amplitude is increasing with the face pressure.

Figure. 11. Failure mechanism for various face pressure.

VI. CONCLUSION

This paper reports 2D and 3D numerical results of a
study carried out to estimate the surface transverse and
longitudinal settlements and face stability induced by the
excavation of shallow tunnel in soft ground. Empirical
approaches were also used to make comparisons. The
aim of this study was to use several 2D calculation
methods to account for the 3D effect in the tunneling.
Tunnel excavation is a 3D problem. However, 3D
numerical  analysis  often  requires  excessive
computational ~ resources  (storage and  time).
Consequently, tunnel excavation is often simulated 2D.
A suite of FE analyses was performed to investigate the
influence of 3D effects on the tunnel induced surface
settlement trough.

Various methods have been proposed to take account 3D
effect of tunnel face to model tunnel construction. Three
methods are used to simulate tunneling in order to make
comparisons: the Lost Volume method (LVM), the
Convergence-Confinement method (CCM) and the face
pressure method (Pf). We use Plaxis 2D and Plaxis 3D
Tunnel software’s for numerical calculation and
empirical approaches have been used to make
comparisons using the popular methods of [1] for
transversal displacement and [2] for longitudinal
displacement. We showed the utility of empirical
calculations like first approximation at the preliminary
studies. However, it is necessary, to pay attention as for
the choices of the value of the loss volume (V) which
would have, a priori, being equalizes to 0,5% ; a value
which enabled us to arrive at a very good agreement with
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calculations 3D ; the choice of this parameter proved
very influencing that it is for an empirical or even
numerical study.

The soil response to excavation is significantly affected
by the presence of the face. A face stability analysis
relates directly to the face pressure applied to the ground;
the correct assessment of this pressure to avoid the
instability of tunnel face has been the crucial obligation
of various researchers who have proposed analytical
approaches to determine this pressure.

In our study, we notice a mechanism of failure in the
form of chimney; inward ground surface forming a bowl
of the order of approximately one diameter.

Information on the failure mechanisms by face collapse
could be obtained during this analysis. The failure
mechanism found was found to be very close to that
observed. A too low pressure can lead to the face
collapse (active state); and too high pressure can take
along to a blow-out and rising on the surface.

Also, we found the results of surface longitudinal
settlement while varying face pressures by pushing the
mechanism to the failure. Settlements observed can be
directly connected to the imposed face pressure value.
This good correspondence confirms the interest which
the estimate of this parameter carries which could bring
into play all the stability. Indeed, when this face pressure
is higher than the earth pressures (0), movements of
repression are observed whose amplitude is increasing
with the value of the face pressure.
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Ebu Nasr Muhammed Al-Farabi,
Bati'da bilinen ismiyle Alpharabius (872 — 950):

2 ANDb "mnpnsu

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

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

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

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

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

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

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

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

“idea” and the second being “proof.”

https://www.thesciencefaith.com/al-farabi-alpharabius-the-second-teacher-master/
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