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Keywords:

This study investigates the effect of rotor geometry on performance in switched reluctance motors
(SRM) using models analyzed by the 2-D Finite Element Method (FEM). All models have the same
stator geometry, winding features, and air gap, but have different rotor geometries. The SRM model
operates at nominal speed of 3000 rpm; with 6/4 pole and 150 W output power. Magnetic model analysis
was undertaken for the 3 different rotor models. Electrical performance characteristics; speed, phase
current, source current, efficiency, electromagnetic torque, and load torque were determined. Magnetic

flux density and flux lines in the stator and rotor and the current densities in windings are presented. The

Switched Reluctance Motor, Rotor
Geometry, Finite Element Method,
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optimal rotor model for SRM was determined by considering electrical and magnetic performance data.

Introduction

Switched Reluctance Motors (SRM) have
become widely preferred in applications
requiring high speed due to their superior
characteristics including simple structure, low
moment of inertia and high volume/power ratio.
Their pole rotors do not contain structures such
as collector, rings, magnets, brushes, or
windings. In this way, the cost of the motor is
decreased and the motor gains a robust and
simple structure. In addition, the laminated rotor
structure, which does not contain structures such
as magnets or brushes, eliminates the decrease
in efficiency caused by copper losses [1].

However, SRMs have disadvantages including
vibration and noise due to the ripple in their
torque [2]. Also, they require different driver
circuits for different structures, and motion
sensors for switch control [3,4].

In SRMs, the geometric structure of the motor
directly affects the operating characteristics, and

output parameters and the effect of factors,
including pole arc width of rotor, air gap, skew
angle of rotor and stator, stator/rotor pole
number, pole embrace, and the truncation of
pole corners, on SRM output performance have
been investigated. In SRM, a change made to
the rotor geometry leads to a change of rotor
reluctance and inductance by affecting the flux
path length and cross-section, which will affect
torque and power in direct proportion to the
square of the current [5].

The effect of the rotor pole angle on the
electrical, mechanical and magnetic
performance of the motor has been discussed in
numerous studies [6-8]. The condition of the
rotor pole arc being larger or smaller than the
stator pole arc (fr > fs and s > fr) will change
the reluctance of the magnetic circuit, which
will lead to changes in inductance, input-output
power, torque, and efficiency.

Please cite this article in press as A. Fenercioglu, M. Sen Kurt, A. Sahin, Z. Keles, and T. Kocaer “Effect of rotor geometry on performance of 6/4 switched reluctance

motors”, DUJE, vol. 12, no. 3, pp. 459-469, June 2021.
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Other modifications have been made to improve
performance. For example, Lee at al. [9]
modified the rotor to include a 2 mm hole in
each rotor pole of an SRM of 13.5 kW, which
reduced torque ripple by 4.4%.

Other studies have found the ratio of the
stator/rotor pole number to be important to the
performance of the SRM and have determined
that as the ratio, Ns/Nr (Ns/Nr=6/4; 8/6; 12/8;
18/12), is increased, radial forces cause stator
vibrations and noise is increased. It is further
concluded that current and  moment
characteristics affect the power and moment
densities and decrease moment ripple [10,11].

In SRM design, it is known that pole embrace,
which is proportional to the number of
stator/rotor poles, affects efficiency due to
average torque. In a study where stator pole
width ratio was fixed at 0.35 and rotor width
ratio varied over the range 0.3-0.5, the highest
torque, highest efficiency and lowest torque
ripple were achieved for a rotor pole width ratio
of 0.5. This suggests that pole width should be
increased in applications where high torque,
high efficiency, and low torque ripple are
desired. However, when pole width is increased,
cost increases proportionally. Therefore, when
high power is required or performance
increased, pole width should be increased [12].

Most studies focus on the effect of rotor
geometry on torque and torque ripple. This
study also investigates electrical performance
characteristics including shaft speed, phase
current, source current, efficiency,
electromagnetic torque, and load. The study also
develops a visual presentation of the magnetic
flux density in the stator and rotor, flux lines,
and current density in windings. A 6/4-pole
SRM was selected to investigate the effect of 3
rotor geometries on motor performance using
analytic techniques and finite element analysis.
Results from the 2-dimensional finite element
analysis will allow the best rotor model to be
determined for applications in an axial and
radial fan.

Materials and Methods
Switched Reluctance Motor (SRM)

When a current passes through a phase winding
in a SRM, the torque in the motor will cause the
rotor to move to the position of maximum
inductance, resulting in rotation. If the rotor
material is steel and there is no permanent
magnetization, the direction of the current in the
phase winding is not significant and the
direction of torque is always towards the closest
overlap position. In this way, the torque causes
rotation in one direction, with movement
occurring from the unaligned position to the
aligned position, as shown in the sequence of
the relative positions of rotor and stator in
Figure 1 (a), (b), (c).

@)

(b)

(©)

Figure 1. (a) Unaligned position, (b) Overlap position, (c)
Aligned position

If the rotor and stator poles are symmetric, each
phase can only generate torque in one direction
according to the rotor pole arc angle. Therefore,
at least two phases are needed to produce one-
way torque in all rotor positions. If a current is
passed through the winding while the rotor is
rotating and it is in a position where the
inductance is being reduced, a torque in an
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opposing direction will be generated (known as
braking or generator torque).

Torque ripple is high in SRMs. Smoother torque
may be obtained by increasing the number of
phases and including skew in the rotor. When
the number of phases is increased, the electronic
cost rises due to the greater number of switches
in the driver. For low values of overall operating
torque, the torque ripple in the three-phase
motor can be reduced by the current profile. In
practice, the phase current is reinforced in areas
where there is torque descent [13-16].

SRM Magnetic Model

The SRM model investigated in this study has
an output power of 150 W with a nominal
maximum speed of 3000 rpm. The motor
geometries that affect the performance of the
SRM are shown in Figure 2 and defined in
Table 1.

Figure 2. SRM cross-section parameters and dimensions

Table 1. Motor geometry parameters

Symbol | Quantity Size

Dso Stator outer diameter | 115 mm
Dsi Stator inner diameter | 67 mm
Dro Rotor outer diameter | 66.3 mm
Dri Rotor inner diameter | 20 mm
Dsh Shaft diameter 10 mm
Iy Air gap 0.35 mm
I Stack length 30 mm
Bs Stator pole arc angle | 30 deg
Br Rotor pole arc angle 33 deg
lsy Stator yoke length 9.5 mm
Iry Rotor yoke length 15 mm
hsp Stator pole height 14.5 mm
Nrp Rotor pole height 8.15 mm

The stator pole arc angle (5s) shown in Figure 2
is given by Equation 1, where ns is the number
of stator poles [17]. The rotor pole arc angle (5r)
(Equation 2) was made to be 10% greater than
the stator pole arc angle to avoid a zero torque
position.

T

Bs = — (1)

- 2ng

Br=Bs x 1.1 )

The flux path cross-section at the rotor pole (Ar)
is given by Equation 3, and the flux path cross-
section at the stator pole (As) is given by
Equation 4 [17]. The ratio of the stator outer
diameter to the stack length is taken as
(Dso/Ds1) = 3.83. In this case, the stack length is
calculated as 30 mm.

Ar = Dro X Br X lsl (3)
Ag = (Dro + lg) X Bs X g (4)

The stator yoke flux path cross-section (Asy) is
given by Equation 5, and the rotor yoke flux
path cross-section (Ary) is given by Equation 6,
where lsy and |y are the stator and rotor yoke
length, respectively [17].

Asy = 1sy X Ig (%)

Ary = lry X lsl (6)
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The mean flux path length at the stator (Is) is
given by Equation 7 and the mean flux path
length at the rotor (l+) is given by Equation 8.
The stator pole length (hsp) and rotor pole length
(hrp) in the related equations give the flux path
length in the poles [17].

(Dso+Dgi) XM

: (7)

(Dr0+Dri)XT[
2

lfs = Zhsp +

lee = 2hrp + (8)
The SRM attempts to maximize the inductance
in the active phase by triggering phase windings
in an appropriate order to generate the moments
of torque. The total reluctance (Rs) of the
magnetic circuit must be considered when
calculating the inductance in the active phase.
The magnetic flux path formed in the SRM
when current is applied to the stator windings is
shown in Figure 3(a), with the equivalent
magnetic circuit shown in Figure 3(b), and
consists of the entire rotor and stator yokes. In
the aligned position, the flux path cross-section
of the rotor and stator poles is symmetric and
flux flows equally along the two alternate paths
around the stator.

o M ® 5\/\/\/\_—
Rsp Rsp

I Rq Ry
o e R Rep
Fal™* } ( *ra

(@ )

Figure 3. (a) Magnetic flux path (b) Magnetic equivalent
circuit

The total reluctance (R:) of the magnetic
equivalent circuit is the sum of the stator pole
reluctance (Rsp), stator yoke reluctance (Rsy),
rotor pole reluctance (Rrp), rotor yoke reluctance

(Rry) and air gap reluctance (Rg), as shown in
Equation 9 [17].

Ry = 2(Rgp + Ryp + Rg) + Rey + Ry 9)
The total reluctance may be expressed in terms
of the permeability, u, of the materials, where

wo is the permeability of vacuum, as given in
Equation 10.

hSp hrp lg >
SR=R, =2 + By +
’ (uAs MA;  HoAg

Ifs
HAsy

e
Ay (10)
The phase inductance (L) is determined from the
total reluctance, as in Equation 11, where N is
the number of turns of the winding [17].

NZ

L=
ZR

(11)
The phase inductance of the SRM varies
according to rotor position; with maximum
phase inductance (La) occurring when rotor and
stator pole are aligned, as shown in Figure 1 (c),
and minimum phase inductance (Ly) occurring
when rotor and stator poles begin to overlap, as
shown in Figure 1 (b). In any unaligned position
(Figure 1(a)) the inductance can be found for a
given angle, 6, from Equation 12 [17].
L(6,i) = ag — a;cos (n,, 0) (12)
where ny refers to the number of the rotor poles.
The coefficients ao and a: are from the

maximum and minimum inductances as
Equation 13.

Lmax+Lmin Lmax—Lmin
a = fmaian g, — tnaian (13
The electromagnetic torque (T) for rotor

position is given by Equation 14. This indicates
SRMs are capable of generating a high starting
moment as the moment changes with the square
of the current.

T(8,i) =2 4LOD

m (14)
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Mean torque or electromagnetic torque (Te) is
given by Equation 15.

1.5 La-Ly
T, = -2 24

Ay (15)

Analysis Method

The 2-dimensional analysis of the motor and
driver circuit was undertaken using Finite
Element  Method (FEM), using the
ANSYS/Maxwell FEM software. Transient and
steady state analysis was performed for 3
different rotor geometries, named Type-1, Type-
2 and Type-3. Analysis was performed at a
sampling frequency of 2000 Hz for 1.5 s, during
which the motor speed changed from 0 rpm to a
nominal maximum speed of 3000 rpm.

Model of the SRM

The rotor geometry of the 3 motor models used
in this study, Type-1, Type-2 and Type-3, is
shown in Figure 4 (a), (b) and (c). All models
had the same stator geometry and air gap. The
motor power was 150 W, operating voltage
26 V DC and nominal maximum motor speed
3000 rpm.

£oR)
2

H
R

(©)

Figure 4. Rotor geometry types (a) Type-1, (b) Type-2,
(c) Type-3

A siliceous steel with a stacking factor of 0.95
with B-H curve as given in Figure 5 was used as
rotor and stator material.
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Figure 5. BH curve of the stator and rotor material

Driver Circuit

The 3-phase asymmetric bridge circuit given in
Figure 6 was used to control the current in the 3
phases of the 6/4-pole SRM. Six (6) switching
elements were used (two elements per phase),
which ensured continuous rotation by switching
the phases sequentially. The design of the rotor
ensures that magnetic coupling between the

phases is kept to a minimum, allowing
independent control of each phase.

! DlT D3 ; [Ds ; D;ludelSmudel

DIs | ! 1 SRM

l 5100 D8/ s3:.D10 . 85 D127 o e e e e o

Civsl
13V

(Ovs2
VY 5& ' 100 3 100 4
13V D2 D4 D6 R TR RS

I [ VIC) V20 W3l
1v() 1V0) 1V0)

R I U

L 1

D7/ s2-. D9’ s4. DIl s6

L1 1

Figure 6. Driver circuit used in the simulation of the
SRM

Finite Element Analysis (FEA)
Electrical and Mechanical Parameter

FEM was used for the 2-dimensional analysis of
the SRM. Three (3) rotors having different
shape, yoke length (lry), rotor height (hr) and
rotor area (Ar) were modeled (Figure 4 (a), (b),
(c)). Stator geometry, number of turns,
conductor size, and motor lamination material
were maintained the same in all analyses.

Figure 7 shows the speed for the three rotor
geometries during the start-up transient state
and the average speed for steady-state

conditions. This shows the Type-3 rotor
geometry to have an average speed that is lower
than Type-1 and Type-2.

3500.00

3000.00

2500.00

2000.00

1500.00

Speed [rpm]

1000.00- 2

Model

500.00 .

i —Typel |
j: _— ] vpe 2
] m—TTvpe 3|
0.00 —d ............ e
0.00 0.25 0.50 0.75 1.00 1.25 1.50

Figure 7. Speed depending on the rotor geometry

Figure 8 shows the variation in electromagnetic
torque and load torque for the three rotor
geometries in steady state. It is seen that the
Type-3 rotor geometry maintains a higher
electromagnetic torque compared to the Type-1
and Type-2 rotor geometries, resulting in
electromagnetic torque and load torque that are
approximately 40% higher. Figure 8 also shows
that at rated speed there is no occurrence of
negative electromagnetic torque during a phase.
However note that the Type-3 rotor geometry
reaches a lower final speed compared to the
Type-1 and Type-2 rotor geometries.
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Figure 8. Electromagnetic torque and load torque

depending on rotor geometry (a) Type-1, (b) Type-2, (c)

Type-3

Table 2 presents the average and ripple values
for electromagnetic and load torque in steady
state for the 3 rotor geometries. This shows the
Type-3 rotor geometry has higher average
torque and lower ripple and should be preferred
in applications where these are important.

Table 2. Average Torque and Torque Ripple depending
on rotor geometry

Electromagnetic |Load Torque

Torque

Avg. Ripple |Avg. Ripple

[Nm]  [[SI] [Nm]  |[SI]
Type-1|0.5437 |57.996 |0.4996 |0.167
Type-2|0.5206 [60.428 [0.4739 |0.226
Type-3]0.7636 |40.822 |0.7347 |0.145

Figure 9 shows how the stator phase current (1)
varies depending on the rotor geometry. In
models with Type-1 and Type-2 rotor geometry,
the effective value of the phase current is
approximately 3.5 A, whereas it is 5.16 A in
Type-3, which would account for the higher
torque.

Type-] s 3.567
Type-2 mm 3.488

Type-3 s 5.169

Phase Current [A]

o b ]

1490 1492 14585 1483 1350
Time [sn]

Figure 9. Phase current depending on rotor geometry

1.483 1485 1438

Figure 10 shows the source current (Is) for each
rotor geometry. The Type-1 and Type-2 rotor
geometries have an effective source current, Is,
of 6.9 A, whereas the Type-3 has Is of 7.55 A.
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Figure 10. Source current depending on rotor geometry

Magnetic Parameters

The SRMs have been designed to operate with
the core in saturation in order to achieve
optimum performance. Figure 11 shows the
distribution of flux lines with the rotor at an
intermediate position, and how two poles occur.

(@)

(b)

(©

5401 4.681 3.961 3.241 2520 1.800 1.080 3.601-3.601-1.080-1.800 -2.520 -3.241 -3.961 -4.681-5.401

Figure 11. SRM flux lines (Wb/mm) (a) Type-1,
(b) Type-2, (c) Type-3

It is recommended that the magnetic flux
density in the stator, rotor tooth and yoke
regions of an SRM should be less than 1.8 T
[18]. Figure 12 shows the distribution of the
magnetic flux density in the stator and rotor in
steady state for the Type-1, Type-2 and Type-3
rotor geometries.
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(©)

180 162 151 140 13 119 108 097 086 076 065 054 043 032 0220110

Figure 12. SRM magnetic flux density distribution (T)
(a) Type-1, (b) Type-2, (c) Type-3

The maximum value for the magnetic flux
density in the various regions of the stator and
rotor for 3 geometries are given in Table 3 and
shows that the magnetic flux density does not
exceed the recommended maximum value in
any location [18].

Table 3. Maximum magnetic flux density for the rotor

geometries

Stator
Yoke

Stator
Teeth

Rotor
Yoke

Rotor
Teeth

Type-1

0.634T

1.650 T

0.694T

1510T

Type-2

0.779T

1380 T

0.809 T

1.250 T

1.080 T

1.344 T

0871 T

1.209 T

Type-3

Current Density in Stator Windings

In enclosed and naturally cooled electrical
machines, the current density in the phase
windings  should be in the range
1.5 < Jp <5 A/mm? [19]. Figure 13 shows the
distribution of the current density passing
through the rotor bars at t =1 sec. The current
density of the stator phase windings in each of
the 3 geometries remains within the allowed
range and indicates forced cooling is not

needed.

Name X Y z J

-6.149e+00

4.801e+06

-4.801e+06

-6.149e+00

-7384e+03

(a) max 4.8 A/mm?
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Name X Y z J

m1 -26.244 -30.963 0.000 3.996e+06

m2 25.768 31.849 0.000 -3.996e+06

m3 -26244 31564 0.000 -6.147e+00

m4 41116 -T657 0.000 -6.147e+00

ms 14115 -38.921 0.000 -6.177e+00

Time =1.40001976000002s
Speed =3019.634722rpm
Position =239.999922deg

(b) max 3.99 A/mm?

Name x Y z J

-6.798e+06

-6.240e+00

-2.684e+06

0.000 6.798¢+06

0.000 2.684e+06

(c) max 6.79 A/mm?

4.801 4.161 3.521 2.881 2.240 1.600 0.960 0.320 -0.320 -0.960 -1.600 -2.224 -2.881 -4.161 -4.801

Figure 13. Current Density in Stator Windings (a) Type-1,
(b) Type-2, (c) Type-3

CONCLUSION

In Switched Reluctance Motors, the rotor
geometry directly affects the electrical and
magnetic parameters, and thus performance.
Changes only in rotor profile will alter the
magnetic flux path length and cross-section, and

thus the magnetic reluctance. This will change
the inductance, which will result in a change in
current, input power, and therefore efficiency.

In the Type-1 and Type-2 rotor geometries, the
rotor pole and tooth geometry are arc-shaped,
resulting in similar input power and efficiency.
In the Type-3 rotor geometry, the edges of the
rotor pole are flat and it has sharp points at the
poles. This results in a higher input power and
thus lower efficiency. This would compare with
the findings of others; where the Type-2 rotor
geometry with circular rotor pole and tooth
geometry provide highest efficiency, but the
Type-3 rotor geometry, with rotor pole and
tooth geometry having rectangular shape and
sharp points, gives the lowest efficiency.

A summary of the performance parameters is
given in Table 4.

Table 4. Performance parameters of the rotor geometries

Motor Parameters Type-1 |Type-2 | Type-3
Source Current, Is (A) 6.93 6.84 7.55
Phase Current, I, (A) 451 4.45 |7.86
Speed, n (rpm) 2861 3018 1943
Load Torque, T, (Nm) 0.50 047 |0.73
Shaft Torque, T (Nm) 0.54 0.52  |0.76
DC Feeding, V (V) 26.00 26.00 |[26.00
Core Losses, P (W) 9.72 9.65 12.06
Copper Losses, Pcy (W) 9.15 891 |27.80
Mechanical Losses, Pm (W) |10.00 10.00 |7.00
Leakage losses, P (%1.5) [2.24 224 224
Output Power, P, (W) 149.43  |149.41 [149.47
Output Power, P; (W) 180.54 |177.97 |196.34
Efficiency, » (%) 82.77 83.95 [76.13
Current Density, J (A/mm?) | .27 6.25 6.72
Flux linkage,A (Whb) 0.01 0.0956 |0.0147
Phase resistance, Ry (Q2) 0.15006 |0.15006 |0.15006

The Type-3 SRM has lower torque ripple than
the other types due to having no-salient pole,
therefore its mechanical losses are assumed as
7 W, as winding losses are low. Mechanical loss
in the other types is assumed as 10 W.

Considering all electrical and mechanical
performance parameters in Table 4, the Type-2

468




DUJE (Dicle University Journal of Engineering) 12:3 (2021) Page 459-469

rotor geometry is optimal for the 3 phase 6/4
SRM.

Acknowledgement: This paper is derived from the project “Switched
Reluctance Motor and Driver for Axial Fans and Blower Applications”
undertaken in KORMAS R&D Center and supported by TUBITAK
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Introduction of Debian is sending approximately more than
twenty reports were sent to bug system in the
release time. Also, project of Debian is
sending approximately 140 reports in a daily
manner [1]. These types of systems should
help developers to control and manage bug
reports and resolve them faster and easily. On
the other hand, the assignment of the best
programmer to a specific bug is still in the
focus of scholarly attention in software
development researches. Open source
software usually supports bug repository, this
bug box contains reports that automatically
sent to developers that should fix and solve
bugs.

In development of any software project
including open source projects, there are
several cycles, one of these cycles is the
maintenance and support. With maintenance
cycles, various maintenance bug reports are
registered in the system which represents
more than 70% of overall bugs. Programmers
might loss more than half of their time for
recognizing and resolve bugs. In addition to
that, number of software bugs has become
extremely high. For Instance, in eclipse
project, more than twenty reports were sent to
bug system in the release time. Also, project
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The bug file has to send to the developer or
category of specific developers, and they will be
responsible for resolving and fixing the bug.
Using the recommendation system, whenever a
new bug appears in the system, the
recommendation system's engine (classifier)
indicates the category of convenient developers to
resolve the bug. As a result, this potential
advantage will help bug triage workers to decide
who should fix a bug report [2]. These bug
warehouses are indexed and referenced to a
section of problems proceeding, which creates a
big database of any issues reported by software
designers or programmers in a project. The open
bug repositories are called open source, in which
anyone can access these reports. These
repositories have an essential role in those
projects due to full access permission of
programmer communities to view, find, share,
edit, and fix during the project's development
progress. We have used a dataset from the same
open-source project (eclipse project) to build a
hybrid classifier recommendation system using
Naive Bayes, decision trees, random forest, and
neural networks. Some Scholars also used the
Support Vector Machines method and tried some
unsupervised learning algorithms. Besides that,
they used datasets from the firefox open source
project and GCC project.

Literature Review

We briefly mention some approaches for
recommendation systems for bug resolves
proposed by some scholars for the background.
Many models and simulations have been created
and presented for finding the best developers for
bug fixing in bug systems. Xuan et al. proposed a
model that depends on social knowledge in the
bug reports of Eclipse and Mozilla bug
repositories utilizing the social network model
[3]. Shokripour et al. utilized an automatic bug
assignment using a time parameter. The approach
considered time metadata for the weighted
expression. The repetition of the word in reports
is fixed by utilizing a technique called tf-idf [4].
Xia et al. have proposed an improved model of
Linear Discriminant for bug assignment. They
offered an incremental change approach as a
learning approach called TopicMiner; this
TopicMiner approach detects the appropriate bug
reports for the proper developer concerning the
bug's distribution and likeness. The likeness is

created as a relationship between bug fix
programmer and distribution [5].

These bug warehouses are indexed and
referenced to the section of problems proceeding,
which creates a big database of any issues
reported by software designers or programmers in
a project. The open bug repositories are called
open source, in which anyone can access these
reports. These repositories have an essential role
in those projects due to full access permission of
programmer communities to view, find, share,
edit, and fix during the project's development
progress. Yang G. et al. [15] proposed a semi-
automatic bug triage based on the Topic model
from 30,000 bug reports from several open-
source projects, and they achieved practical
analysis with approximated 52% accuracy.

Data Description and Features

The dataset had been extracted from the eclipse
bug repository until the year 2009. The inputs of
the system are the features of the dataset that
comes from the eclipse platform bug measures
dataset, which has (7700x50) numbers. The first
column of the data contains the bug id number.
The last column contains the class labels from 1
to 7. Each class of the dataset represents a group
of developers according to their companies
assigned before to resolve bugs in some
components of the software project, which means
we have 48 features. For these features, we have
utilized many machine learning algorithms by
using Matlab and weka software. For classifying
these features according to their class labels, we
have validated them by using cross-validation.
The dataset is multivariate. Tab. 1 below presents
developer emails in each category and instances
in each category. Each type of dataset represents
a class or group of developers according to their
companies and the number of bugs they have
fixed/resolved.

Table 1. Developers and Instances in each class

Number of developers and instances

Class | Number of developers Number of Instances

1206

1 10

472




DUJE (Dicle University Journal of Engineering) 12:3 (2021) Page 471-477

Number of developers and instances

Class | Number of developers Number of Instances
2 10 1173

3 19 735

4 60 845

5 11 1611

6 20 1281

7 8 919

Total 138 7700

The classes of the dataset represent a group of
developers based on their companies.

The Features of the Eclipse dataset are:

buglD; component;; assigneeEmail;os;
platform; milestone; nrKeywords;
nrDependentBugs;
peopleCC;openedhoursOpenedBeforeNextRelea
se;lastModified;priority;severity;resolution;first
Fix;lastFix;hoursLastFixBeforeNextRelease;hou
rsLastFixAfterPreviousRelease;status;firstActivi
ty;nrActivities;lastResolution;nrComments;hour
sToLastFix;hoursToLastResolution;monthOpen
ed;yearOpened;monthYearOpened;monthYearL
astFixed.

These features represent the details and contents
of each bug report. Below is an example of a bug
report:

2001-10-29 16:35 sl wveeen

Figure 1. Bug report

Feature Selection

The datasets in which they are utilized for
developers' assignments might give us inaccurate
scores, and with time, it might overrun more
project resources. So, we have to select a specific
type of information which is called features in the
machine learning community; this information
should present the features in which they are
redundant and inconsistent and affect the
classification. In order to improve the accuracy of
results, these redundant features should be
removed [2]. Using feature selection approaches
to check the datasets first, such as acquiring the
information gain of these features, can be
removed manually by eliminating the features
with less information gain. In our case, we have
eliminated the last 20 features (had lowest
information gain) that had a negative effect on my
classification results. Figure 2 shows the
information gain results of the features.

=== Attribute selection 10 fold cross-validation (stratified), seed: 1 ===

average merit

0.65 +-0.003

0.474 +-0.004
0.474 +-0.004
0.362 +- 0.002
0.241 +-0.003
0.239 +- 0.003
0.223 +-0.003
0.119 +- 0.002
0.076 +- 0.002
0.072 +-0.002
0.072 +- 0.001
0.07 +-0.001

0.066 +- 0.001
0.059 +-0.002
0.057 +- 0.001
0.058 +-0.001
0.045 +- 0.001
0.032 +-0.001
0.027 +- 0.001
0.025 +-0.001
0.022 +-0.001
0.023 +- 0.001
0.022 +-0.001
0.021 +- 0.001
0.021 +-0.001
0.02 +-0.001

0.019 +- 0.001
0.019 +- 0.001
0.018 +- 0.001
0.018 +- 0.001
0.017 +-0.001
0.016 +- 0.001
0.016 +- 0.001
0.014 +- 0.001
0.012 +- 0.001
0.01 +-0.001

0.009 +- 0.001
0.009 +- 0.001
0.009 +- 0.001
0.008 +- 0.001
0.007 +- 0.001
0.006 +- 0
0 +0

average rank attribute
1 +0 1 component3Days
2.3+-0.46 3 PredictedProbability_2
2.7 +-0.46 2 PredictedProbability_1
4 +-0 4 buglD
5.3+-0.46 5 o0s3Days
5.7 +-0.46 6 PredictedProbability_1_1
7 +0 7 PredictedProbability_2_1
8 +0 8 status30Days
9.1+-0.3 9 nrActivities30Days
10.5+-0.81 10 nrActivities
10.6 +-0.66 11 hoursLastFixAfterPreviousRelease
11.8 +-0.4 12 nrActivities14Days
13 +0 13 nrActivities7Days
14.7 +-0.9 14 status3Days
15 +-0.77 16 nrActivities3Days
15.3+-0.64 15 hoursLastFixBeforeNextRelease
17 +0 17 nrActivities1Days
18 +-0 18 hoursTolastFix
19 +0 19 monthOpened
20.1+-0.3 20 hoursTolastResolution
22 +- 1.1 22 peopleCC
22 +-1.1 21 priority30Days
22.8+-1.6 23filter_$
24.1+-1.3 24 nrPeopleCC30Days
24.9 +-1.22 25 nrPeopleCC14Days
26.5+-1.8 26 hTLFix2Bins7Days
27.4 +-1.62 27 hTLFix2Bins3Days
27.6 +-1.43 28 nrPeopleCC7Days
29 +-1.67 29 nrComments30Days
29.6 +-1.36 30 nrPeopleCC3Days
30.9 +-1.45 31 nrPeopleCC1Days
32 + 1.1 33 hTLFix2Bins14Days
32.1+-1.04 32 platform3Days
34 +0 34 hTLFix2Bins1Days
35 +0 35 hTLFix2Bins30Days
36.6 +-0.92 36 nrComments
37.1+-1.3 37 hTLFix2BinsODays
37.9+-0.83 39initPeopleCC
38.7 +-0.46 38 nrPeopleCCODays
39.8 +-0.75 40 nrComments14Days
41.2 +-0.6 41 severity3Days
41.7 +-0.46 42 nrComments7Days
43.1+-0.3 47 nrDependentBugs
439+-0.3 45 nrComments1Days
46 nrActivitiesODays
48 nrkeywords
44 nrComments0ODays
43 nrComments3Days
49 resolution3Days
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Figure 2. Features' Information gain

Methodology

Many machine learning algorithms will be
utilized for implementing the recommendation
system, such as Naive Bayes, Decision Trees, and
Support Vector Machines. They might try some
unsupervised machine learning algorithms like
Expectation Maximization [2]. First, we have
been attempting a hybrid of two machine learning
algorithms as recommendation system engines
such as Naive Bayes, Decision Trees. The Feature
selection algorithms will be used on the training
data set to get the best-related features. We have
tried the forward selection algorithm to choose
the best features and applied the Naive Bayes
algorithm [6]. I used the Naive Bayes algorithm
to classify the data set using MATLAB code [7]
and WEKA software [8]. We also have applied
the decision tree algorithm to the filtered dataset
using the WEKA software with 0.25 confidence
factor is utilized for pruning that lower values
occur more pruning and two minNumObj is
minimum instances per leaf and three numFolds
that determines the amount of data utilized for
minimizing the error in pruning. Only one fold is
being used for pruning, and the others are utilized
for growing the tree.

e Classification Tree Rules:

For node m, Nm examples in m domain, N'r for
Classi: [2]
P(C Ix,m)=p;, Z%
m 1)

If p'm is equal to zero or one, then Node m is called
pure, and we mathematically calculate the
Impurity in which it is entropy: [2]

K
I,=-> pulog,p,

i1 )
Create a leaf and stop if node m is pure, otherwise
continue split recursively. Calculate the Impurity
after split: Nmj from Nm taking branch j. N'mj was
taken from Ci. Finding the variables and
separating that minimum Impurity (among all

variables and splitting positions for numeric
variables) [6].

e Random Forest

This is an ensemble approach that receives a
subset of dataset observations and a subset of
variables as branches of its tree to create many
decision trees (An ensemble depends on a set of
one-by-one trained models (neural networks,
support vector machines, decision trees as an
example). In general, it gives us high
classification accuracy than other models such as
Naive Bayes and support vector machines [9]. It
creates multiple decision trees and merges them
to improve accuracy results and stable prediction
trying to avoid underfitting and overfitting issues.
The outcome is taken from the maximum voting
of independent judges list, and the final prediction
should be better than the best individual judge.

If m classifiers are to be created, they are created
in sequence so that one model is made in one
iteration. For creating a classifier Ci model, for
example, weights of training instances are
updated depending on the accuracy results of
classifier Cil. The model classifiers created by
boosting usually are dependent [10].

To classify a new sample, it is run towards the
trees that created the forest. Each tree has some
classification score for the new sample in which
it will be registered as a vote. The votes from all
trees are merged, and the class in which the
maximum votes are considered, which is called
majority voting, is stated as the classification
result of this new sample. As proposed by
Breiman [8], these random forest approaches
utilize majority voting as the voting model for
classification. All experiments are executed
concerning the voting technique. We have been
used the random forest model, and it should give
us good classification accuracy results with
respect to some articles [9]. The random forest
model contains many tree classifier models like
h1(x), h2(x), ..., hK (x), K for tree number. Each
classifier model is created utilizing a bootstrap
replication of the training dataset and votes for
one class. A test sample is classified by the top
votes class's class label as it is called the majority
voting [11].

The parameters that we will utilize of the Random
Forest are:

e The tree's maximum depth, for unlimited,
zero is put max depth = 0.
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e numFeatures = 0; The number of features
to be utilized randomly; If numFeatures<
1, logM+1 is used, M is the input's
number. We have tried different numbers
of features like 10 or 20, but that did not
cause a real effect on accuracy results.

Numbers = 135; the number of trees to be created.

We have created a model of a Random forest,
which consists of 135 trees. Each tree is
constructed by taking into consideration five
random features with an OOB error (out of the
bag) is 0.3347. The Out of Bag is explained as
follows: after implementing the classifiers model,
which is five trees, for each x;, y; dimensions in
the training setT;, Choosing all Ty without
including x;,y;. This small subset is a set of
bootstrap sets that do not have a specific register
from T, Dataset, this set is called out of bag
samples.

These sets are called N subsets, one for each data
register in the training dataset T, . Out of bag
model classifier is the merge of votes only over
Ty sets such that it does not include x;, y;. For the
generalization error, Out of bag estimations error
is the error ratio of the out-of-bag model classifier
on the training set T, as compare with known
class labels y; [13].

The study of error speculates for bagged model
classifiers [13] gives empirical proof that the
OOB presume it has good accuracy while
utilizing a testing dataset with the same size as the
training dataset. Thus, utilizing OOB error
speculation eliminate the requirement of using a
dataset apart from the test dataset.

e Neural Networks

This network-based approach was developed by
the biological networks that model the attitude of
the human brain system. This approach typically
learns to achieve different tasks by considering
samples of data called the training data without
specific task regulations. For instance, in image
analysis and detection, it knows to detect images
that contain cars by training some sample images
and labeled manually as “car" or "not car", and by
utilizing the approach, it will output to detect cars
from other unrelated images. It can be done
without any prior knowledge. It automatically

creates and identifies characteristics from the
samples entered into the approach.

The neural networks contain connected nodes
called neurons, which represent neuronsin the
human brain. Each node is synapsesin a
biological brain which transmits a signal to other
neurons (nodes). In created artificial neuron
(node), the same attitude is utilized by receiving
a signal, processing it, and send a signal to nodes
connected to each one of them.

For experimental setup, a signal in bio-neural
networks is represented by artificial neural
networks' real value. The output of nodes is
calculated by utilizing nonlinear functions of the
sum of its inputs. The lines between nodes are
connections that are called node edges. Nodes
and edges have aweight that is evaluated and
adjusted through the learning stage. The weight
changes the connection's strength; nodes have a
activated threshold while they achieved that
threshold. Usually, Nodes are divided into many
layers. Each layer contains many different nodes,
and it performs various transformations on its
inputs. The signal transmits from the first input
layer, which is known as the input layer, to the
final output layer, which is known as the output
layer after visiting the in-between layers, which
are called hidden layers multiple times depending
on the threshold and the accuracy of achieving the
best results for the training model. We have
investigated the model of neural networks as a
training model with the hybrid approach of
decision tree and naive Bayes to analyze the best
performance for bug reports of open-source
systems to the suitable developer.

e Priority of Developers

Several methods have been tested to calculate the
hours needed for each developer in the training
dataset and testing dataset and check the priority
of each developer in the group using the
following steps:

e Calculate the hours needed for each
developer in the same class in the training
dataset and testing dataset.

e Take the differences between the hours in
the training dataset and the testing dataset.

e The accuracy results are sorted as the
required average hours for the developer
as the highest priority in this group; the
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most significant hours needed is the
lowest priority in the same group.

Results

We have achieved precision rates of greater than
50%, and they believed that the precision rates
they reported are sufficient to help the bug triager
decide which developers are good enough to be
assigned to a specific bug report [7]. We used 10-
fold cross-validation, applied the information
gain feature selection algorithm, discretized the
data,, and used the Naive Bayes algorithm using
MATLAB code and the WEKA software on the
eclipse platform bug measures dataset. We have
got the same results in MATLAB and WEKA
software with 50.001% of correctly classified
instances, so it was nearly the same rates that the
paper achieved. Using the decision trees, we have
got 62.7413% of correctly classified samples, and
with using random  forest, 66.0746%
classification rate has been performed.

We have noticed that some features are not good
or made the classification even worse, and others
gave a higher rate to the classification accuracy.
We have got the results using the 30 features that
had high information gain. The 30 features of the
dataset made 50.001% classification accuracy in
Naive Bayes, and these features made 62.7413%
classification accuracy using the decision tree
algorithm. Using Random Forest with several
trees equal to 135 (the best result we have got
while using 135 trees), We have found that the
classification accuracy increased by 3.33% than
the decision tree achieving 66.0746%.

Table 2 shows the results of different machine
learning algorithms we used like Naive Bayes,
Decision Trees, Random Forest, NBTree, Simple
Logistic, and Neural Network (Learning rate: 0.3,
batchsize:100).

Table 2. Classification Accuracy Results

Algorithm Classification accuracy
(%)

Naive Bayes 50.001
Decision Trees 62.7413
Random Forest (25 Tress) 64.9807
Random Forest (50 Tress) 65.2767
Random Forest (75 Tress) 65.7529
Random Forest (100 Tress) 65.9588
Random Forest (135 Tress) 66.0746
Random Forest (200 Tress) 65.9846
Random Forest (500 Tress) 65.9846
NBTree 60.1802
SimpleLogistic 60.514
Neural Network 66.514

Concerning the trees count in random forest
approach, the accuracy results acquired have
shown occasionally that whenever several trees
increase in a forest only increase its
computational time and cost and have no
considerable changes in performance gain and
this is what occurred in our datasets when we
have used more than 135 trees. We have tried 200
trees and 500 trees, and no performance gain is
acquired [13]. So, we have tried several methods
to improve the classification accuracy and the
performance of the algorithms, and we have
found that we should make some changes to the
class labels like normalization and clustering, as
is seen in the next section (clustering results). For
each developer's priority in the same group, we
calculated the hours needed for each developer
using the last hours' feature. Table 3 shows the
effects of hybrid utilizing of Naive Bayes
algorithm and DT together in the training dataset
(50%-50%) and the usage of RF with Neural
Networks (50%-50%) in the training dataset, we
could declare as it is seen from results that it has
better accuracy results than the usage of each one
separately.

Table 3. Hybrid Accuracy Results

Classification
accuracy (%)

Methodology

Naive Bayes with decision Trees 57.3811
Random  Forest with Neural | 67.7473
Networks

Conclusion

The semi-automatic assignment approach is an
excellent method to assist the bug triage worker
in deciding depending on the specific category of
bugs concerning the developer's knowledge and
experience. By utilizing an open-source software
project (bugs repository) to classify the bug
reports dataset. We have been used hybrid
machine learning models: random forest, neural
networks, and naive Bayes. For the feature
selection, we have used the information gain
values to detect which features are useful for
classification, and we have eliminated 20 features
because they had low information gain. We have
done the classification based on the best 30
features and one feature for each class label.

The classification results have shown why we
have selected algorithms such as random forest
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and neural networks to classify the bug reports.
To support my conclusion, many research papers
are approved that suggestion [9] and the results
that we have obtained are improved. In general, it
will give more accuracy than traditional decision
trees and support vector machines. Two
advantages that let us select random forest for our
dataset. The first advantage is that they do not
anticipate linear features or linearly interacted
features. The branch of the tree is just a decision
point of entire trees combined,; this can deal with
the dataset correctly. The other advantage is that,
because of how they are constructed, this
approach deals correctly with more than two-
dimensional spaces and large datasets of training
samples [14].

For random forest parameters, we have found that
the right numbers of random trees to use are 135
trees; the classification accuracy of a random
forest relies on the durability of the individual tree
model classifiers and dependency between trees
[8]. The trees are genuinely classified by the
category label of the overcome category (majority
voting) [11]. Sometimes, increasing the trees in
the random forest technique increases its
computational time and cost and has no
significant performance gain results [13]. The
hybrid approach of utilizing random forest and
neural networks, decision trees, and naive Bayes
has created high bug assignment classification
accuracy.

Many future enhancements and practical system
possibilities can be considered, considering that it
is always required that the system should behave
automatically for analyzing, recognizing, and
appropriate feature selection, for instance, code
checking and time while executing different tasks
for adaption and resolving incoming new various
tasks automatically.
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OZET

Diinyada niifus artisina bagh olarak, her gegen giin enerjiye olan gereksinim artis géstermektedir. Ozellikle
Tirkiye gibi gelisen ilkelerde sanayinin gelismesi, gelir seviyesinin artmast ve teknoloji ile birlikte
gelistirilen yeni nesil iriinlere paralel olarak ileriki senelerde enerji ihtiyacinin daha da artacagi
disiiniilmektedir. Bununla birlikte giiniimiizde kullanilan fosil kaynaklarin diinyada ¢ok 6nemli ¢evresel
sorunlar olusturmasi ve bu kaynaklarin gok yakin bir gelecekte bitecek olmasi gibi faktorler gevre dostu
enerji kaynaklarina olan yonelime ivme kazandirmustir. Bu diisiincelerden hareketle ¢aligmada;
yenilenebilir enerji tiriinlerinden biri olan biyogaz i¢in Mardin ili hayvansal atik potansiyelinin belirlenmesi
amaglanmistir. Bu amaca bagh olarak ¢alismada, Il Tarim ve Orman Miidiirligii’niin giincel verileri
kullanilarak kiiciikbas, biiyiikbas ve kanatli hayvan varligia gore olusacak giibre miktarlari hesap edilmis,
muhtemel yillik biyogaz miktar: hesaplanmistir. Cikan sonugla ise tiretilebilecek enerji potansiyeli ortaya
konmustur. Buna gore; Mardin il smrlart igerisindeki hayvanlardan temin edilebilecek giibrenin
ciiritiilmesi ile yillik 177823801 m3 biyogaz ve bu biyogazdan yaklasik 404600 GJ enerji iiretim
potansiyeli oldugu ve elektrik enerjisi esdegeri ise giinde 229512 kWh olabilecegi belirlenmistir.
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ABSTRACT

Depending on the population growth in the world, the need for energy is increasing day by day. In particular, the
development of industry in developing countries such as Turkey, which was developed together with the increase
of income levels and technology are considered in parallel with the new generation of products will further
increase the demand for energy in the year ahead. However, factors such as the fossil resources used today, which
create very important environmental problems in the world and that these resources will end in the very near
future have accelerated the trend towards environmentally friendly energy resources. Working with these
thoughts; It is aimed to determine the animal waste potential of the province of Mardin for biogas, one of the
renewable energy products. Depending on this purpose, the amount of fertilizer to be formed according to the
presence of ovine, bovine and poultry was calculated using the current data of the Provincial Directorate of
Agriculture and Forestry, and the possible annual biogas amount was calculated. As a result, the energy potential
that can be produced has been revealed. According to this; With the digestion of the manure that can be obtained
from the animals within the borders of Mardin province, it has been determined that there is an annual biogas
potential of 17794331 m3 and an energy production potential of 403931 GJ from this biogas and the equivalent
of electrical energy can be 229131 kWh per day.
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Giris

Niifus artist1 ile birlikte, insanlarin enerji
talebinde de siirekli bir artis olmaktadir [1].
Diinyada son yillarda 17 kat artan enerji tiikketimi,
fosil yakitlarin sebep oldugu ve ortama atilan
kiikiirtdioksit, azotoksitler ve karbondioksit gibi
cevreye zararl gazlari da arttirmistir [2]. Fosil
yakitlarin islenmesinden elde edilen enerjinin
cevreye  verdigi zarar tiim  cevrelerce
bilinmektedir. Bu nedenle hangi enerji kaynagi
kullanilacaksa c¢evreye olan etkisiyle beraber
degerlendirilmektedir  [3].  Mevcut  fosil
yakitlarin; yakin gelecekte tiikenecek olmasi,
ciddi c¢evre sorunlarina yol agmasi, fosil yakit
iireten iilkelere bagimliligin ¢esitli ekonomik ve
siyasi sorunlara sebep olmasi ve fiyat
istikrasizlig1 nedeni ile insanlar1 yeni enerji
kaynaklar1  bulmaya  zorlamistir.  Bunun
sonucunda hidrolik, jeotermal, glines, riizgar,
biyokiitle, dalga, hidrojen vb. olan yenilenebilir
enerji kaynaklari tizerinde caligmalar
yogunlagmustir [4].

Yenilenebilir enerji kaynaklar1 iginde bitkisel,
hayvansal ve organik igerikli sehir ve endiistriyel
atiklardan olusan biyokiitle onemli bir yer
tutmaktadir [5]. Biyokiitlenin uzak bolgelerde
ozelikle enerjiden yoksun yerlerde iiretilmesi ile
bu bolgelerin gelisimine katki saglanmasi ve
isttihdamin arttirilmasi1 miimkiindiir [6].

Biyokiitlenin oksijen olmayan ortamda fermente
edilmesi sonucunda; meydana c¢ikan renksiz,
kokusu olmayan, havadan ¢ok daha hafif, parlak
acik mavi alev ile yanan ve iceriginde yaklasik;
% 40-70 CH4, % 30-60 CO2, % 0-3 H>S ile az
miktarda N ve H bulunan biyogaz olusmaktadir
[3-7]. Biyogazin; olustugu gazlardan CHgs
oranina gore 1sil degeri bir m*te 17-25 MJ
araliginda degisir [8].

Diinyada biyogaz iiretiminde en fazla biiyiik bas
hayvanlarin giibreleri kullanilmaktadir. Bunun
en onemli nedeni giinliik giibre miktarlar1 diger
hayvanlarinkine gore daha fazla olmasidir. Siit
sigirlarinin atiklarindaki kati madde miktar: et
sigirlarininkine oranla daha diistiktiir. Siit

sigirlarinin  glibre igerigindeki lifler yiiksek
diizeyde cliriimeye direngli oldugu ve su ile lif
igerikleri yiiksek olmasindan dolay1 daha diisiik
oranda metan gazi elde edilir [9].

Oteki hayvan giibrelerine oranlanirsa, kiimes
hayvanlarin giibresi daha fazla biyolojik olarak
parcalanabilen organik madde igermektedir. Yas
giibre olusumu bir tavuk basmna 0,08-0,125
kg/glin araliginda olup bunun da ortalama %20-
25 miktar1 kadar kati madde ihtiva eder. Bunun
da %55-65 aralig1 kadar1 ugucu kati maddedir.
Bu da, bu tiir hayvanlarin giibresinin énemli bir
biyogaz kaynagi oldugunu gostermektedir [6].

Noorollahi ve arkadaslar1 [10], Iran'daki farkli
iller i¢in besi hayvanlarinin giibresinden, inek
sayisi, Uretilen gilibre miktart ve bir kilogram
hayvan atig1 basina olusturulan biyogaz hacmi ile
ilgili istatistiksel veriler kullanilarak elde
edilebilecek biyogaz potansiyelini
hesaplamislardir. Calisma sonucunda ¢iftlik
hayvan1  atiklarindan  biyogaz  iiretiminin
potansiyel olarak iilkenin dogal gaz talebinin bir
kismm  karsilayabilecegini gosterdi. Iran’mn
Sistan-Baluchestan ve Ilam bolgelerinin yiiksek
gaz tiketimi ve devasa biyogaz iiretim
potansiyelinden dolay1 6ncelikli biyogaz iiretim
bolgeleri olmasi gerektigi kanaatine varmislardir.

Benzer sekilde, Abdeshahian ve arkadaslar1 [11],
muazzam bir biyogaz kaynagi saglayan giibre,
kan ve iskembe icerigi de dahil olmak {izere
biiyiilk miktarda hayvan atig1 retilen Malezya
bolgesinde bulunan giftliklerdeki hayvanlarin
giibrelerinden  elde  edilebilecek  biyogaz
potansiyeli iizerine yapmis olduklar1 ¢aligmada,
Malezya ciftliklerindeki hayvan giibrelerinden
yillik ~ 4589,49  milyon-m3/y1l  biyogaz
iiretilebilecegini hesaplamislardir.

Tim bu veriler degerlendirildiginde; diinyanin
degisik iilkelerinde hesaplandig1 gibi Ulkemizde
de biyogaz liretim potansiyelinin arastirilmasi ve
neticesinde  olusacak  enerji  miktarinin
belirlenmesi ekonomik siirdiiriilebilirlik ve ¢evre
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politikalar1 onemi

goriilmektedir.

acisindan acikca

Bu calismada Mardin ili icin biyogaz iiretim
potansiyeli ve bundan elde edilebilecek enerji
miktar1 incelenmistir. Bu kapsamda Mardin
bolgesinde mevcut olan kanatl, kiigclikbas ve
biiyiikbas hayvan miktar1 tespit edilmis ve bu
hayvanlarin bir gilinde iirettikleri giibreler dikkate
aliarak giinliik ve yillik atik miktarlarinin hesabi
yapilmigtir. Daha sonra her hayvanin
glibresindeki  biyogaz elde  edilebilecek
potansiyele gore lretilebilecek biyogaz miktari
ve buna bagli enerji potansiyeli hesaplanmistir.

Materyal ve Yontem

Bu calismada, Mardin il Tarim ve Orman
Midiirliglinin 2020 yilt verileri kullanilarak,
Ildeki mevcut kiimes, kiiciikbas ve biiyiikbas
hayvan varligindan elde edilen atik miktarlart ve
biyogaz potansiyelinin hesab1 yapilmistir.

Mardin ilindeki hayvansal atiklarin biyogaz
potansiyelini  belirlemek igin  Burdur ve

Canakkale illerindeki biyogaz potansiyelini
belirlemek i¢in yapilan ¢aligmalardaki hayvansal
atiklar ile ilgili yapilan kabuller kullanilmigtir
[12-13]. Hayvansal atiklar ile ilgili kabuller;
kiigiikbas hayvandan yilda 0,7 ton yas giibre
edilirken, biiyiikbas hayvandan yilda 3,6 ton yas
giibre elde edildigi ve bir kanatli hayvandan ise
yilda 0,022 ton yas giibre elde edildigi kabul
edilmistir [12-13]. Elde edilebilen; kiimes
hayvanlar1  gilibrelerinin % 99, kiiciikbas
giibrelerinin % 13 ve biiylikbas hayvan
giibrelerinin % 65 oldugu geri kalan kismin
meralarda kayboldugu kabul edilmistir [12-13].
Ayrica bir ton yas kanath giibresinden yilda 78
m? biyogaz, bir ton yas sigir giibresinden yilda 33
m3 biyogaz vel ton koyun giibresinden ise yilda
58 m? biyogaz elde edilecegi kabul edilmistir
[12-13]. Hayvansal atiklarin 1sil degeri 22,7
MJ/m? olarak [13] ve 1m? biyogaz 4,70 kKWh
enerji olarak alinmistir [5].

Mardin ili 2020 yili Il Tarim ve Orman
Midiirligi verilerine gore, hayvan sayilarinin
ilcelere gore dagilimi Tablo 1°de verilmistir.

Tablo 1. Mardin ili 2020 yul1 hayvan sayilart

ILCE BUYUKBAS KUCUKBAS KANATLI TOPLAM
Artuklu 5753 114 464 495 350

Midyat 17 424 71 648 568 214

Kiziltepe 9750 96 031 267 000

Nusaybin 9096 122 527

Mazidagi 8 140 160 722

Derik 48 637 330 654

Savur 7 885 97 296

Omerli 2 359 21514

Dargecit 8 147 42 048

Yesilli 1134 47 070 352 920

TOPLAM 118 325 1103974 1683484 2905783
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Sekil 1. Il genelindeki toplam hayvan sayilarinin ilce bazinda dagilimi

Bulgular ve Tartisma

Kanatl1 hayvanciligin yiiksek sayida yetistirildigi
Mardin’de yiiksek oranda yumurta tavukgulugu
yapilmaktadir. Bunun yaninda  kiigiikbas
hayvanciligt da Onemli bir yer tutmaktadir.
Biiytik  olglide mera hayvanciligi  yapilan
kiiciikbas tiirleri olarak; koyun ve keci
beslenmektedir. Diger taraftan biiyiikbas besi
hayvanciligi da gittikce artis gdstermektedir. ilin
hayvan varligi, ilgelere gore Tablo.1’de
gosterilmistir.

Tablo.1 verilerine gore Mardin Ili genelinde
toplamda 2905783 adet hayvan yasadig1

goriilmektedir. Sekil.1’e gore Artuklu, Midyat,
Kiziltepe ve Yesilli’de kanatli hayvanlarin yogun
oldugu, Kiicliikbas hayvanlarin da daghk
kesimden olusan Derik, Mazidag ve Artuklu
ilgelerinde yogunlastigi goriilmektedir.
Biiyiikbas olarak da en fazla Derik ilgesinde
bulunmaktadir.

Arastirmada, hayvan sayilarima gore elde
edilebilir atik miktar1 hesaplanmis ve Tablo.2’de
gosterilmistir. Bu tabloya gore; Mardin Ilindeki
atik miktar1 yillik 414008 tondur. Sekil 2’ye
gore, bu atigin biiyiik cogunlugu (yaklasik 4/6’s1)
biiyiikbas hayvan giibresinden elde edilmektedir.
llgeler bazinda da yarisindan fazlas1 Derik’ten
saglanmaktadir. Diger ilgelerde ise durum, yakin
miktarlarla birbirini takip etmektedir.
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Tablo 2. Hayvan sayisina gore elde edilebilir atik miktarlar

ILCE BUYUKBAS KUCUKBAS KANATLI TOPLAM
Atik Miktari Atik Miktar1 Atik Miktar1 Atik Miktar1
(ton/y1l) (ton/y1l) (ton/y1l) (ton/y1l)
Artuklu 13 462 10 416 10 789 34 667
Midyat 40772 6 520 12 376 59 668
Kiziltepe 22 815 8 739 5815 37 369
Nusayhbin 21285 11150 32 435
Mazidag 19 048 14 626 33673
Derik 113811 30090 143 900
Savur 18 451 8 854 27 305
Omerli 5520 1958 7478
Dargecit 19 064 3826 22 890
Yesilli 2 654 4 283 7 687 14 624
TOPLAM 276 881 100 462 36 666 414 008

m Blyukbas Kigikbas = Kanath

Sekil 2. Hayvan tiiriine gore atik miktari

Kullanilabilir atik miktarindan hesaplanan 11  %33’ii  kiiciikbas ve %16’s1 da

genelinde {retilebilecek biyogaz potansiyeli
Tablo.3’te verilmistir. Verilere gore yillik
iretilebilecek  biyogaz miktar1 177823801
m¥®tir. Bu degerin yaklasik yaris1 biiyiikbas
hayvan atigindan elde edilmektedir. Geri kalan

hayvanlardan saglanmaktadir. Bu durum Sekil
4’te gosterilmistir. Sekil 3’te ilge bazinda en
biiyiik biyogaz potansiyelinin Derik il¢esi oldugu

goriilmektedir.
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Tablo 3. Hayvanlarin yilda tirettikleri giibre miktarlarina gore biyogaz iiretimi

ILCE BUYUKBAS KUCUKBAS  KANATLI TOPLAM
Biyogaz Biyogaz Biyogaz Biyogaz

Miktari Miktari Miktar1 Miktari

(m3/y1l) (m3/y1l) (m3/y1l) (m3/y1])

Artuklu 444 247 604 141 841 520 1889 908
Midyat 1345 481 378 158 965 305 2 688 944
Kiziltepe 752 895 506 852 453 590 1713337
Nusaybin 702 393 646 698 1349 091
Mazidag 628 571 848 391 1476 862
Derik 3755 749 1745192 5500 941
Savur 608 880 513528 1122 408
Omerli 182 162 113551 295 713
Dargegit 629 111 221 929 851 041
Yesilli 87 567 248 435 599 555 935 558
TOPLAM 9 137 057 5826 775 2 859 970 17 823 801
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Sekil 3. Ilceler bazinda ve hayvan tiiriine gore biyogaz iiretim potansiyeli
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B Blylikbas ® Kiicikbas ® Kanath =

Sekil 4. Hayvan atiklarindan elde edilebilir biyogaz potansiyeli

[lin biyogaz enerji potansiyelinin

enerji

kaynaklarindaki karsiligr Tablo 4’te verilmistir.
Tablo incelendiginde; biyogaz potansiyelinin

yillik 404600 GJ ve giinde 229512 kWh elektrik
enerjisine esit oldugu goriilmektedir.

Tablo 4. Toplam yillik elde edilebilir enerji potansiyeli ve giinliik elektrik enerjisi esdegeri

Hayvan Tiirii Elde Edilebilir Enerji Elektrik Enerjisi

Potansiyeli (GJ/y1l) Esdegeri (kWh/giin)
Biiyiikbas 207 411 117 655
Kiiciikbag 132 268 75030
Kanatl 64 921 36 826
TOPLAM 404 600 229 512

Sonug

Ulkemiz, iklimsel 6zellikleri nedeniyle tarim
ve hayvancilik konusunda Onemli bir
potansiyele sahiptir. Ayn1 zamanda gelismekte
olan {ilkeler arasinda bulunmasindan dolay1
enerji ihtiyaci siirekli artmaktadir. Yerli enerji

485

kaynaklarinin arastirilmasi enerji giivenligi
icin  O0nem arz etmektedir. Yerli ve
yenilenebilir enerji  kaynaklarindan olan
biyokiitle enerjisinin iilkemiz i¢in dnemli bir
kaynak oldugu goriilmektedir. Biyokiitleden
de biyogaz elde edimesi yaygin olarak
kullanilan bir yontemdir.
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Ozellikle atiksu aritma ¢amurlari, hayvansal ve
bitkisel atiklar 6nemli bir biyogaz potansiyeli
olusturmaktadir.

Mardin ilinin iki {ilkenin smir sehri olmasi,
hayvancilik, tarim tiriinlerinin yogun sekilde
iretildigi ve iklim kosullarinin uygun oldugu
degerlendirildiginde iiretilecek  biyogazin
bolgeye katki saglayacagi asikardir. Bu
kapsamda bu ¢alismada ilimizin hayvan sayisi
kapasitesine gore biyogaz potansiyeli ve enerji
esdegeri hesaplanmastir.

Arastirmada  hayvan  sayisindan  yola
cikildiginda  Mardin  Ilindeki  biyogaz
potansiyeli ve enerji esdegeri bulunmustur.
Buna gore ilin hayvan sayisina gore elde
edilebilir yilhk 177823801 m?® biyogaz
potansiyeli oldugu goriilmektedir. Bunun da
elde edilebilir enerji potansiyeli yillik 404600
GJ ve elektrik enerjisi esdegeri glinde 229512
kWh’tir. Ilgeler bazinda da en yiiksek elde
edilebilir ~ biyogaz potansiyeli  Derik’te
goriinmektedir.

Sonug olarak; Mardin ilinde kurulacak biyogaz
tesisinin  hem ekonomik hem de enerji
giivenligi agisindan basta bolge olmak lizere
Tirkiye’ye onemli katkilar getirecegi nettir.
Kurulacak tesisin, Artuklu-Derik-Kiziltepe
ilgeleri arasinda kurulmasinin ise pek ¢ok
konuda uygunluk gosterdigi soylenebilir.
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Introduction approaches that can avoid those issues and
able to solve complex and nonlinear problems
effectively [3]. As part of this effort, different
metaheuristic algorithms have emerged [4].
The latter approaches have stochastic natures,
thus, can explore entire search space by
avoiding local optima [5] since they do not

need the derivative information.

The optimization techniques have been
gaining a greater demand in recent decades
due to the need for reliable and effective
methods to deal with real-life problems that
present increased complexity [1]. In addition
to this fact, the increasing number of
optimization problems of different fields has

led the optimization techniques to be one of
the major research areas [2].

Due to inherent disadvantages of
deterministic techniques such as being
derivative dependent and stagnating in local
optimum, this field of research tends to
develon different alternative

* Corresponding author
Erdal Eker
D4 e.eker@alparslan.edu.tr

There are many metaheuristic algorithms
which have already been used for different
optimization problems [6]. Despite the
existing ones and their various applications, it
is still quite common to encounter with newer
metaheuristics nowadays [7] which is
motivated by “No free lunch theorem” [8].
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As stated by this theorem, there is not any single
algorithm that is convenient to solve all existing
optimization problems. Therefore, there is a
growing appetite for developing newer
algorithms that may be quite effective for some
of the problems [9]. Lévy flight distribution
(LFD) algorithm [10] has been developed as part
of the latter effort. The wireless sensor nodes
that have connections related to Lévy flight
motions have inspired the development of this
algorithm.

Having a balance between global and local
search stages is an of important feature that
make metaheuristic algorithms desired tools to
tackle with various problems [3]. However, due
to their stochastic nature, it may not always be
feasible to offer such integrity in those
algorithms. One way of dealing with this issue is
to benefit from the feature of existing algorithms
instead of developing new ones. Hybridization is
a great choice to do so since it allows the
combination of existing and complementary
algorithms [11]. In this way, a new structure
with balanced feature in terms of exploration and
exploitation can be achieved.

In terms of LFD algorithm, it has good
explorative behavior due to Lévy Flight motions,
however, lacks from exploitative structure.
Bearing the above discussion in mind, the LFD
algorithm can be improved by adopting another
complementary approach so that a novel and
more capable hybrid algorithm can be obtained.
To achieve such a structure, the Nelder-Mead
(NM) simplex search method [12] can be used.

The latter is a well-known simplex search
method which is quite capable for local search.
In terms of hybridization, several examples are
available in the literature which adopts NM
algorithm. Some of them are firefly algorithm
for optimal reactive power dispatch [13], particle
swarm optimization for modeling Li-ion
batteries for electric vehicles [14], Harris hawks
optimization  for  solving  design  and
manufacturing problems [15], ant lion optimizer
algorithm for structural damage detection [16],
moth  flame optimization for parameter
identification of photovoltaic modules [17] and
artificial electric field algorithm for optimization
problems [18].

Considering the discussion so far, this paper
aims to develop different hybrid versions by

modifying LFD algorithm using NM method and
investigate the promise of those variations for
optimization problems. Therefore, three novel
strategies were used to achieve NM modified
LFD algorithms. All these strategies are
discussed in related section of this paper.

In order to evaluate the performances of the
original and the modified LFD versions, well-
known benchmark functions of unimodal and
multimodal features were adopted. Then,
statistical analysis was performed using metrics
of average, standard deviation, best and worst.
Besides, all approaches, including the original
LFD algorithm were ranked. In this way, the
ability of the algorithms was assessed for global
and local searches. Further assessment took
place by performing a nonparametric statistical
test known as Wilcoxon’s signed-rank test to
confirm the capability does not occur by chance.
The obtained results have shown that
hybridizing LFD algorithm with NM method
provides a significant performance improvement
in general as was expected. Besides, it has also
been found that the efficiency is increased if the
NM method is applied after each iteration of
LFD algorithm and run each time for the total
number of LFD algorithm’s current iteration.

Lévy Flight Distribution Algorithm

Wireless sensor networks having a Lévy flight
(LF) motions related connection is the main
inspiration  for LFD  algorithm  [10].
Mathematically, the LFD algorithm is initialized
by calculating the Euclidean distance (E ;)
between adjacent nodes which determines the
position replacement of sensor nodes. To locate
a sensor node, LF is performed. In such a case,
the sensor node is placed close to another one
with lower number of neighbors or in a position
that has no sensor node. The latter behavior
increases the effectiveness of the exploration.
Two important parameters for generating
random walks are the step length and the
direction of the walk. To determine the step
length (sl), the following equation can be used
where 8 is the Lévy distribution index having
limitsof 0 < f < 2.
U

Sl_—IVII/ﬁ (1)
The parameters of U and V, given in the above
equation, can be determined using (2).
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U~N(0, Guz): V~N(0, Uvz) (2)

o, and o, represent standard deviation and
calculated as in (3):

_( +p) xsin@mp/2) \VF
o= (c((l +B)/2) x B x 2“*-1)/2) ’ (3)

o,=1

where ¢ is a function having the following
definition for an integer z.

U(2) = J:otz_l e~tdt 4)

The E; value is calculated as in (5) for the
locations of adjacent agents (X; and X;):

Fuse(%.%) = (-2 + 0i-9) )

where X; and X; positions are represented by
(x;,¥;) and (x;,y;), respectively. A pre-defined
threshold value is compared with the value of
E ;s through iterations. The positions of search
agents are re-adjusted using (6) for smaller Ey;,;
values than the threshold.

X;(t+1) = L(X;(©), X, Ly, Up) (6)

In the above equation, t is used for the number
of iterations whereas L, and U, denote the
lowest and the highest limits of the search space.
Ly function represents the sl value and the LF
direction. X; is used as LF direction since it
represents the position of the agent with the
lowest number of neighbors. In order to increase
the exploration capability, the agent of X; is
moved towards the agent with the lowest
number of neighbors using (7).

Xj(t+1) =Ly + (Up — Lp)rd() (7)

In the above equation, rd() is used to generate
uniformly distributed random numbers R in a
range of [0, 1]. The following identification
helps discovering the search space with more
opportunities:

R =rd(), Cseqar = 0.5 8)

where Cscqiar 1S the comparative scalar value
with R in each position update of X;. The value
of R is checked and compared with Cg.qi4r- IN
case of smaller R values than Cg.q;4r Values (6)

is executed whereas (7) is used otherwise. The
position of X; is updated using (9) and (10).

Xi(t+1) = Tpos + a1 X Tryen
+rd() X a,
X ((Typos + 25X,)/2 ©)

- Xi(t))

XMW (t+1) = Le(Xi (¢

(10)
+ 1), Tpos) Ly, Up)

X; position is calculated using (9) whereas (10)
provides the final position of X;. The solution
with the best fitness value (target position) is
denoted by T,,,s. The parameters of a;, a, and
a5 are used to represent random numbers of 0 <
aq,ay, a3 < 10. The following gives the total
target fitness of neighbors (Tx;:y) around X;(t)
where the neighbor index and neighbor position
of X;(t) are denoted by k and X, respectively.

D (k) X X
k
TFitN:ZT (11)
k=1
The total number of X;(t) neighbors is

represented by NN. D(k) denotes the fitness
degree for each neighbor and given by (12).

§:(V — Min(V))

D) = 31y = mino) T %2 (12)
= Fi.tness (Xj(t)),al >0ands, <1 (13)
Fitness(X;(t))

A detailed flowchart of LFD algorithm is
demonstrated in Figure 1.

Nelder-Mead Method

This algorithm is a simplex search method and
developed to solve nonlinear functions using
gradient-free computations [19]. An optimal
point of X, is determined by generating p + 1
points of X;, X,, ... X,,44. Then, the respective
fitness function values of f(Xy),
f(Xp),...f(Xp41) are evaluated and sorted in
ascending order. Four scalar coefficients of
reflection (p), expansion (y) contraction (£) and
shrinkage (&) are used to replace the worst point
of X,.1. The computed fitness values allow
determination of the best (X;), the worst (X,,1)
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and the centroid (X) points. To identify the
reflection, X..¢, (14) is used:

X, p=X+p(X—Xp41) (14)

The reflection point is expanded using (15):

Xex =X +y(X,r —X) (15)

where X,, denotes the expansion point and
replaces the worst value for f(X,,) < f(Xrs).
Otherwise, this point is replaced by X,r. The
contraction step is performed for f(Xp)s
f(X,r). An outer contraction (Xoyueo) IS

generated using (16) to obtain the fitness value
of £ (Xouee) in case of f(Xrr) < f(Xps1)-

Xoute = X+ ﬁ(er - X) (16)

The point of X, .1 is replaced by X,,.., then the
iterations are terminated for f(X,uec) < f (er).
Otherwise, the shrinkage occurs in the next
action. An inner contraction (X;,.), provided in
(17), may also be constructed in the contraction
step to obtain fitness of f(Xine) for f(Xp4q) <

f(er)'

| Initialize the size of population

Initialize iteration counter t = 1, maximum iteration
(tmax ), threshold, R = rd(), Cscqier = 0.5, Ly, Uy

'

| Calculate the fitness value of each agent |

A

/

—>| Calculate the Euclidean distance E;,, between X; and X; |

no

E4is¢ < threshold

| Update the X; position |

no

\ A
X+ D) = L (X0, XLy, Uy)|

iteration countert =t + 1

Cscalar <R

yes

i
| X,(c+1) =Ly + (U, — L)rd0

>l
I

'

Update the X; position using
XM (t+1) = Le(X; (t + 1), Tyos, Ly, Up)

'

| Bring the agent back if it goes outside the boundaries |

| Calculate the new fitness for new agent and save the best in a target |
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Figure 1. A detailed flowchart of LFD algorithm

Sort the p + 1 vertices to satisfy
fFXDSfX) << f(Xp+1)

'

Xop =X +p(X = Xp41) |

Y

f(Xex) < f(er)

qutc =X+ﬁ(xrf _X) |

Xine :}?+,8(Xp+1 _}?)|

Y

yes

—| Replace X, with X,.

f

v |Rep|ace Xp1 With X

yes

A4

Replace X;,;1 with X,

X=X, +8(X; — Xq),

-t
-«

Yy

i=23,.,p+1

<—| Replace X, with X,

\d
End

Figure 2. Flowchart of NM method

KXine = X+ :B(Xp+1 - X) (17)

The point of X, is replaced by X;, then the
iterations are terminated for £ (Xine) < f(Xp41)-
Otherwise, the shrinkage occurs. The shrinkage
step is the final operation which constructs new
points using (18).

Xi=X1+6(X; — Xp), (18)
i=23.,p+1

The flowchart of NM simplex method is
provided in Figure 2.
Proposed Hybrid Strategies

This section provides information about different
approaches to hybridize LFD algorithm with
NM simplex search method. In order to improve

the performance of the original LFD algorithm,
three different strategies were employed to adopt
NM method for modifying LFD algorithm. To
have a fair assessment, a dimension of 30,
maximum iterations of 500 and a population size
of 50 were adopted for all approaches.

In the first proposed strategy, LFD algorithm is
performed. Then, the NM method is applied
after LFD algorithm completes its task entirely.
The NM is run twice as much the number of
iterations in this strategy which means the NM is
performed for 1000 iterations since the chosen
number of iterations was 500. This strategy was
named as LFDNM-S1.

In the second proposed strategy, unlike the first
one, the NM method is applied after each
iterations of LFD algorithm instead of waiting
for the completion of the latter algorithm.
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However, the NM method is performed for d +
1 iterations where d is the dimension of the
problem. This strategy was named as LFDNM-
S2.

The third proposed strategy is the last approach
that was adopted for modifying LDF algorithm
using NM method. Similar to the second
strategy, the NM method is applied after each
iterations of LFD algorithm in this strategy, as
well. However, the implementation of NM
method lasts for [ iterations after each iteration
of the LFD algorithm where [ is the current
iteration of the latter algorithm. That means, for
example, the NM method would run for 10
iterations if it is implemented after the 10™
iteration of LFD algorithm, and run for 11
iterations after 11" iteration of LFD algorithm
and so on. The last strategy was named as
LFDNM-S3.

Experiments and Discussions

The performance validation of the original and
NM modified versions of LFD algorithms
together with the parameter settings are
presented in this section. The performances of
the respective algorithms were tested using well-
known four unimodal and four multimodal test
functions provided in the following subsection.
The algorithms were tested against each other
using a set of fixed parameters for the sake of
fair comparison. Therefore, a swarm size (search
agents) of 50 and maximum iterations of 500
along with dimension (n) of 30 were adopted for
all algorithms. Besides, each algorithm was
performed on each test function for 30
independent runs.

The parameter values for LFD were chosen to be
2 for threshold, 0.5 for Cscq14r, 1.5 for S, 10 for
@, 0.00005 for a,, and 0.005 for a3 along with
0.9 for 6; and 0.1 for &, [10]. In terms of NM
method, the parameter values were chosen to be
1 for p, 2 fory, 0.5 for g and 0.5 for § [19].

In terms performance evaluation of the
algorithms for global and local search abilities,
the statistical values of average, standard
deviation (Sdev), best and worst were used.
Besides, the algorithms were ranked. In addition
to those statistical metrics, a nonparametric
statistical test known as Wilcoxon’s signed-rank
test [20] was also performed for further
assessment of the algorithms. The adopted

statistical metrics of average, Sdev, best and

worst can mathematically be defined as given in

(19), (20), (21) and (22), respectively.
i=1(f)

A ==y
verage T

(19)

1 M
= [—— . — 2 20
Sdev \]M — 1zi=1(fl Average) (20)

Best = 1rsnilsr1{/1ﬁ (21)
Worst = max f; (22)

1<i<M

where M is the number of runs and f; is the
function fitness value.

Benchmark Functions

The following benchmark functions listed in
Table 1 have been adopted for this study. The
related table contains unimodal test functions of
Sphere, Schwefel 2.22, Rosenbrock and Step
together with multimodal benchmark functions
of Schwefel, Rastrigin, Ackley and Griewank.
Those are all well-known test functions with
different properties and present a good
environment for performance evaluation of the
algorithm such that the exploitation and the
exploration capabilities of the algorithm can be
assessed using unimodal and multimodal
functions, respectively [21].

For example, the unimodal benchmark functions
have one global optimum with no local optima
and are good for assessment of exploitation
ability of the algorithms. On the other hand, the
multimodal ~ benchmark  functions  have
considerable number of local optima which
make them good for assessing the exploration
capability of the algorithms. The properties of
both unimodal (Sphere, Schwefel 2.22,
Rosenbrock, Step) and multimodal (Schwefel,
Rastrigin, Ackley, Griewank) benchmark
functions can also be seen visually as
demonstrated in Figure 3. The performance of
the proposed NM modified LFD algorithms
together with the original LFD algorithm was
tested against each other using those benchmark
functions.

In terms of implementation of the algorithms on
these benchmark functions, the related search
domains listed in Table 1 for the respective test
functions along with a dimension of 30 for each
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function were adopted. Then the population size,
and number of iterations were defined, and the
related algorithms were tested against those test
functions in terms of statistical performance. The

results were then compared with each other.

Figure 4 shows the implementation steps in
brief.

Table 1. Unimodal and multimodal test functions

Name Description n Search domain Optimum
Sphere filx) =X, x? 30 [-100,100] 0
Schwefel 222 | f,(x) = X1 lxi| + [Ty | 30 [—10, 10] 0
Rosenbrock f3(x) = XH100(x — x2)? + (x; — 1D?) 30 [—30,30] 0
Step fi(x) = I, (x; + 0.5)2 30 [—100,100] 0
Schwefel fi)=-3", (xisin(,/|xi|)) 30 [-500, 500] —418.9829 x n
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Figure 3. Surface plots of the two-variable benchmark functions used in experiment

Exploitation Capability

As mentioned in the previous subsection, the
unimodal functions (f; (x), f2(x), f3(x), fa(x))
provided in Table 2 can help assessing the local
search capability of the algorithms under
consideration [22]. It can easily be spotted that
the average values for all test functions obtained
by the LFDNM-S3 algorithm (shown in bold)
are well below the other values achieved by the
other algorithms. In addition, the LFDNM-S3

algorithm has achieved better values in terms of
other statistical metrics. Besides, the constructed
LFDNM-S3 algorithm has also been ranked the
first, as well. The obtained results clearly show
the third proposed strategy for NM modified
LFD algorithm has a strong competitiveness in
terms of exploitation.

Exploration Capability

In terms of assessment of global search
capability, the multimodal functions (f5(x),
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fo(%), f7(x), fs(x)) provided in Table 3 can be
used [22]. Similar to local search ability, the
LFDNM-S3 algorithm has also achieved better
results than the other algorithms in terms of all
statistical metrics. Besides, the constructed
LFDNM-S3 algorithm has also been ranked the
first for multimodal functions, as well. The

obtained results clearly show the LFDNM-S3
algorithm’s strong competitiveness in terms of
exploration, as well. Considering both global
and local search capabilities, it can be concluded
that the third proposed strategy for improving
LFD algorithm through NM method has a good
balance in terms of exploration and exploitation.

Table 2. Results of the unimodal functions

Function | Measure Basic LFD LFDNM-S1 LFDNM-S2 LFDNM-S3
Average 1.5220E-07 3.6282E-08 1.1919E-08 1.4697E—42
Sdev 5.4715E-08 1.2058E—08 9.0745E—09 3.1618E—42
fi(x) Best 8.0419E-08 1.9756E—08 1.5254E—09 1.7217E-44
Worst 2.3698E—07 5.7184E-08 3.9174E-08 1.2261E—41
Rank 4 3 2 1
Average 3.0625E—-04 1.3472E-04 3.7902E-05 2.0705E-27
Sdev 5.9240E-05 2.7256E—05 8.9938E-06 2.3826E-27
f2(x) Best 1.8925E—-04 9.9580E—05 2.2527E-05 4.7253E-29
Worst 3.8394E-04 2.0202E—-04 6.0360E-05 9.0123E-27
Rank 4 3 2 1
Average 27.8977 27.0939 23.6612 0.4302
Sdev 0.1187 0.2811 0.1142 0.1802
f3(%) Best 27.7517 26.5653 23.4629 0.2515
Worst 28.0630 27.6308 23.8389 0.9410
Rank 4 3 2 1
Average 1.1480 0.5076 2.3949E-06 1.7721E-07
Sdev 0.2349 0.2549 8.0920E-07 4.1048E—-08
£ (x) Best 0.5739 0.1592 6.8912E—07 5.6266E—08
Worst 1.4370 0.9830 4.3665E—-06 2.3634E—07
Rank 4 3 2 1
Table 3. Results of the multimodal functions
Function | Measure Basic LFD LFDNM-S1 LFDNM-S2 LFDNM-S3
Average —4.3960E+03 —7.8148E+03 —7.6089E+03 —8.2171E+03
Sdev 283.6078 391.0008 661.1682 772.6186
fs(x) Best —4.8243E+03 —8.3413E+03 —8.9003E+03 —9.8013E+03
Worst —3.8051E+03 —7.0629E+03 —6.5018E+03 —7.4562E+03
Rank 4 2 3 1
Average 2.8745 0.4463 0.0665 2.2578E—-11
Sdev 3.8130 0.5498 0.1319 8.6173E-12
fo () Best 1.5259E-05 2.9721E-06 2.0053E-06 1.2108E-11
Worst 13.2109 1.6631 0.5054 4.3315E-11
Rank 4 3 2 1
Average 8.8859E-05 4.4928E—05 2.9489E—05 2.1202E-12
Sdev 1.1628E-05 9.3227E-06 8.5630E—06 5.2423E-13
f7(x) Best 7.0401E-05 3.5371E—05 8.3122E-06 1.4611E-12
Worst 1.0701E—04 7.3164E—05 4.2522E-05 3.0349E-12
Rank 4 3 2 1
Average 3.7917E-07 1.0317E-07 4.5251E—08 5.8538E—14
Sdev 1.2776E—07 5.0798E—08 2.4069E—08 1.8298E—-14
fs(x) Best 1.8918E—07 4.3454E—08 1.4857E—08 4.1078E—14
Worst 6.7854E-07 2.0082E—07 9.5037E—08 1.0003E—13
Rank 4 3 2 1
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Figure 4. Optimization stage for the benchmark
functions

The Wilcoxon’s Test

The Wilcoxon’s signed-rank test was used in
this study as a non-parametric statistical test
which was performed to have a meaningful
conclusion for the performances of the proposed
hybrid strategies since this test helps evaluating

the significance level between different
algorithms [23]. The respective p values of the
algorithms can be obtained along with the
calculations of T+ and T — related to
comparisons between two algorithms using
Wilcoxon’s  signed-rank  test. Table 4
demonstrates the respective test results on 8
benchmark functions in 30 runs for the original
and the proposed NM modified LFD algorithms.
In the table, the sign of ‘+’ indicates statistically
significant difference, thus, better performance
of the algorithm and the sign of ‘—’ indicates
vice versa. In case of no statistically significant
difference between the compared algorithms, the
sign of ‘=" is used.

Evaluating the demonstrated results, the
LFDNM-S3 algorithm can clearly be seen to be
significantly superior to the original LFD and
LFDNM-S2 algorithms for all test functions.
The comparison between LFDNM-S3 and the
LFDNM-S1 algorithms shows no significant
difference only for f5(x), however, for the rest
of the functions LFDNM-S3 has clear
superiority.

Table 4. Wilcoxon signed-rank test results for LFDNM-S3 vs LFD, LFDNM-S1 and LFDNM-S2

Function LFDNM-S3 vs. LFD LFDNM-S3 vs. LFDNM-S1 | LFDNM-S3 vs. LFDNM-S2

p value T+ |T—-|W p value T+ |T—-|W p value T+ |T— | W
fi(x) 1.7181E—06 | 465 | 0 | + | 1.7181E—06 | 465 | 0 | + | 1.7181E—06 | 465 | 0 | +
(%) 1.7181E—06 | 465 | 0 | + | 1.7094E—06 | 465 | 0 | + | 1.7181E—06 | 465 | 0 | +
f3(%) 1.7181E—06 | 465 | O | + | 1.7181E—06 | 465 | O | + | 1.7181E—06 | 465 | 0 | +
f2() 1.7181E—06 | 465 | 0 | + | 1.7181E—06 | 465 | 0 | + | 1.7181E—06 | 465 | 0 | +
fs(%) 1.7344E—06 | 465 | 0 | + 0.2208 292 | 173 | = | 3.0481E—-04 | 408 | 57 | +
fs(x) 1.7181E—06 | 465 | O | + | 1.7181E—06 | 465 | O | + | 1.7181E—06 | 465 | 0 | +
£ (%) 1.7181E—06 | 465 | 0 | + | 1.7181E—06 | 465 | 0 | + | 1.7181E—06 | 465 | 0 | +
f3 () 1.7181E—06 | 465 | O | + | 1.7181E—06 | 465 | O | + | 1.7181E—06 | 465 | 0 | +

Conclusion algorithm after the LFD algorithm finishes its

In this work, novel approaches for improving the
capability of the original LFD algorithm were
proposed and discussed through modifications
using NM method. The NM method was
implemented after LFD algorithm in each of the
strategies, however, by following different
patterns. In the first approach, NM was run twice
as much the number of iterations of LFD

task. In the second approach, NM was run after
each iterations of LFD algorithm instantly
whereas for the third approach, NM was run for
the total number of current iterations after each
iteration of the LFD algorithm. Four unimodal
and four multimodal test functions were used to
observe the performance of the algorithms
through statistical and nonparametric statistical
analyses. The obtained results have shown the
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modified versions of LFD algorithm can provide
better capability in general. In addition, the
efficiency of the third approach was found to be
better for NM modified LFD algorithm since it
has demonstrated a greater balance between
exploration and exploitation phases. Therefore,
the latter can be used as an effective tool for
optimization problems. Bearing the obtained
results in mind, the constructed algorithms have
the potential to be used for several different real-
life optimization problems for future works.
Some of them can be listed as controlling an
automatic voltage regulator system, regulating
the speed of a direct current motor, and
operating a magnetic levitation system.
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OZET

Bu caligmada sinh-ortam siizgeglerinin biyomedikal uygulama Orneklerinin bir incelemesi sunulmaktadir.
Geligmis iilkelerde yasam standartlarinin artmasi, diisiik maliyetli ve pratik saglik ¢oziimleri ihtiyaglarinin bir
araya gelmesi biyomedikal sistemlerin ilerleme hizint belirlemektedir. Giniimiiz biyomedikal sistemlerinin
tasarim stratejileri, daha yiiksek hiz ve genis dinamik aralik elde etmeye, daha diisik gii¢ tiketimine ve
taginabilir tasarim saglamaya yoneliktir. Bu nedenle, diisiik besleme gerilimde genis bir dinamik aralik sunma,
dogrusallik ve diisiik gii¢ tiiketimi saglama, frekans karakteristiginin elektronik olarak ayarlanmasi, kiigiik ¢ip
alan1 gereksinimi gibi olumlu ozelliklere sahip olan sinh-ortam siizgegleri, son derece diisiik giic dagilimi
gerektiren biyomedikal uygulamalar i¢in gittikge Onem kazanmaktadir. Elektroensefalogram (EEG),
Elektrokardiyogram (EKG) ve Elektromiyogram (EMG) gibi diisiik voltaj biiyiikliigiine ve diisiik frekansa sahip
ana biyomedikal sinyallerin alimmasi sirasinda bazi istenmeyen sinyaller olusmaktadir. Bu istenmeyen
sinyallerin biyopotansiyel sinyalden uzaklastirilmast igin sinyalin 6zelliklerine gore gesitli siizgegleme islemleri
gergeklestirilir. Bu ¢aligmanin konusu, biyomedikal uygulamalar igin literatiirde onerilen diisiik giiglii ve diigiik
gerilimli sinh-ortam siizgeglerinin incelenmesidir.
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ABSTRACT

In this study, a review of biomedical application examples of sinh-domain filters is presented. Increasing living
standards in developed countries and the combination of low-cost and practical health solutions determine the
progress of biomedical systems. The design strategies of today's biomedical systems are aimed at achieving
higher speed and wide dynamic range, lower power consumption and portable design. Therefore, sinh-domain
filters, which have positive properties such as offering a wide dynamic range at low supply voltage,
electronically adjusting the frequency characteristic, providing linearity and low power consumption, and the
requirement for small chip area, are becoming increasingly important for biomedical applications that require
extremely low power dissipation. During the acquisition of main biomedical signals with low voltage magnitude
and low frequency, such as Electroencephalogram (EEG), Electrocardiogram (ECG) and Electromyogram
(EMG), some unwanted signals occur. In order to remove these unwanted signals from the biopotential signal,
various filtering processes are performed according to the characteristics of the signal. The subject of this study
is to examine the low power and low voltage sinh-domain filters recommended in the literature for biomedical
applications.
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Giris

Analog sinyal islemenin 6nemli yapi taglarindan
biri stirekli zaman siizgecleridir. Elektronik
alanlarda hem pasif hem de aktif siizgecler
kullanilmaktadir — ancak  pasif silizgeglerin
ayarlanabilirlik ozelligi olmadigindan
entegrasyona uygun degildir. Son zamanlarda,
ayarlanabilir  aktif siizgecler biiylik ilgi
gormektedir ve performanslarinin gelistirilmesi
icin  silirekli  iyilestirilmektedir. ~ Analog
tasarimlar daha once gerilim agirlikli sinyal
isleme bicimi olarak goriilmekteydi. Ilerleyen
yillarda  akim-modlu  elemanlarin  ortaya
¢ikmasiyla arastirmacilar akim-modlu devrelere
ilgi gostermeye baslamistir. Akim-modlu sinyal
isleme devrelerinin genis bant genisligi, genis
dinamik aralik, disiik besleme gerilimleriyle
caligma, diisiik gii¢ tiiketimi ve akim modlu
devre  yapt  bloklarinin  basitligi  gibi
ozelliklerinden dolayr gerilim-modlu devrelere
gore tercih edilebilir oldugu goriilmiistir.
Analog sinyal islemeyi gerceklestirmek icin
onemli bir kavram ELIN (Externally Linear
Internally Nonlinear) yani dogrusal davranish
dogrusal olmayan sistemlerdir. Bu sistemler;
akim modlu tasarlanabilmelerine bagli olarak
yuksek hizlidir, yiiksek dogrusalliklidir, tasarim
icin sadece transistor ve kondansatorlere ihtiyag
vardir, diisiik gerilim/diisiik gii¢ tiikketimi saglar,
genis dinamik araliga ve disik {iretim
maliyetine sahiptir. Companding siizgecler bu
kategoriye  aittir.  Ingilizce’de  sikistirma
(compressing) ve genisletme (expanding)
kelimelerinin birlestirilmesi ile elde edilen
companding devreleri  disik  gerilim/gii¢
tiketimi ve yiiksek frekansli analog sistemler
icin oldukca faydalidir. Sikistirma-genisletme
(companding) devreleri diisiik gerilimde ¢alisma
kabiliyetine sahiptir. Bu durum sikistirilmig
sinyallerle islem yapilmasindan kaynaklanir.
Sikistirma-genisletme  tekniginin  sundugu
avantajlar: entegre edilebilir tasarim, disiik
gerilimli uygulama, yalnizca topraklanmis
bilesenlerin kullanilmas: ve diren¢ ve bobin
kullanilmamasi olarak siralanabilir.

Sikistirma-genisletme  devreleri, logaritmik-
ortam, karekok-ortam ve sinh-ortam devreleri
olmak {izere lic ana smifa ayrilir. Logaritmik-
ortam devreleri BJT lerin beyz-emiter gerilimi

(Vee) ve kollektor akimi (Ic) arasindaki fistel
bagntiya ve translineer ozelligine
dayanmaktadir. ilk olarak 1979 yilinda Adams
tarafindan tanitilan algak geciren siizgec,
dogrusal transfer fonksiyonunun durum uzay
tanimlamasinin durum degiskenleri {izerindeki
dogrusal olmayan (listel) doniigiimiidiir [1]. 1990
yilinda Seevinck tarafindan logaritmik-ortam
devrelerinin 6zel bir tiri olan AB-smifi
translineer integrator onerilmistir [2] . Frey 1993
yilinda logaritmik-ortam siizgeclerinin tam
teorisini sunmustur [3]. 1994 yilinda Toumazou
ve ark. tarafindan zayif evirtim bdolgesinde
calisan MOSFET’leri igeren logaritmik-ortam
stizgecleri sunulmustur [4]. Bu devrelerin en
onemli dezavantaji, ¢calisma frekanslarinin simirl
olusu ve bu dezavantajin transistorlerin
uyumsuzluk durumuna neden olmasidir. Bundan
dolay1 siizgecler ve integratorler Eskiyerli ve
ark. tarafindan 1996’da doyum bolgesinde
calisan MOSFET ler kullanilarak tasarlanmigtir
[5]. Bu devreler MOSFET’in savak akimi (Ip) ve
kapi-kaynak gerilimi (Vgs) arasindaki karesel
baginttya ve MOSFET’in translineer 6zelligine
dayanmaktadir. Tasarim topolojisine goére bu
devrelere = karekok-ortam  devreleri  adi
verilmistir. Aktif bolgedeki BJT ya da zayif
evirtim bolgesindeki MOSFET  tarafindan
olusturulan translineer dongiiler tarafindan
gerceklestirilen hiperbolik siniis fonksiyonu ile
olusturulan devrelere ise sinh-ortam devreleri
denmektedir [6]-[14], [16]-[17], [19]-[20], [23]-
[58]. Sinh-ortam siizgegleri ilk olarak Frey
tarafindan 1993’te Onerilmistir [6]. Frey’in 1993
yilinda yapmis oldugu ¢alismada dogrusal giris-
cikis tepkisine sahip yeni bir dogrusal olmayan
analog siizge¢ smifi Onerilmistir. Exponential
State Space (ESS, Ustel Durum Uzay)
stizgecleri denilen bu silizgecler [3]’te tanitilan
logaritmik-ortam  siizgeclerinin  bir uzantisi
olarak sunulmugtur. ESS silizge¢ smifinin
kondansatorler, akim kaynaklar1 ve bipolar
transistorlerden  olusan  dogrusal  olmayan
devreler smifin1 temsil ettigine deginilmis ve
stizgecin denklemlerinin dogrusal sistemlerde
durum uzayinda eslemeler i¢in hiperbolik
fonksiyonlar  kullamilarak  elde  edildigi
gosterilmistir. Bu ¢alismada ESS siizgeclerinin
birinci  smifim1  olusturan  logaritmik-ortam
stizgeclerinden sonra ikinci bir sinif olan tanh
fonksiyonu kullanilarak tanh siizgegleri ve
tciinci  bir smf olan sinh fonksiyonu
kullanilarak sinh siizgecleri liretilmistir ve devre
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uygulamalar1  Onerilmistir.  Bu  siizgegleri
gerceklestirmek icin  iki  temel alt devre
kullanilmigtir. Bu alt devreler T-hiicresi ve S-
hiicresidir. T-hiicresi ve S-hiicresi gerekli
hiperbolik fonksiyonlart uygulanmasi islevini
yapmaktadir. Verilen tasarimlarin, bu ESS
siizgeclerinin incelenmesi i¢in ¢ok iyi baslangi¢
noktas1 olacagi disliniilmiistir. Daha sonra
Mulder ve ark. tarafindan 1997°de yapilan
calismada  dinamik  translincer  devreler
konusunda genel bir bakis sunulmustur [7].
Dogrusal ve dogrusal olmayan uygulamalar i¢in
elde edilen son teknoloji sonuglara ve analiz ve
sentez yontemlerine agirlik verilmis;
yapilandirilmig  tasarim  yOntemlerine  ve
ilkelerine vurgu yapilmigtir. Statik ve dinamik
translineer ilkeleri gozden gecirilmis, analiz
yontemlerine genel bakis yapilmis, logaritmik,
tanh, sinh ve karekok-ortam  siizgecleri
arasindaki benzerlikler ve farkliliklar aciklanmus,
birkag sentez yontemi sunulmus ve son olarak, o
zamana kadar elde edilen en son teknoloji
sonuglara genel bir bakis sunulmustur. Ilk olarak
Frey tarafindan [3] silizgecleme igin Onerilen
AB-smifi companding sistemlerin bir 6rnegi
olan sinh sistemler [8]’de incelenmistir. Sinh
sistemlerini elde etmek icin genel bir sentez
yontemi saglanmis ve daha sonra, bu sekilde
elde edilen bir sinh-ortam ikinci dereceden filtre
analiz  edilmistir. Uygulamalar1  agikca
diferansiyel olmamasma ragmen, AB-sinifi
diferansiyel sistemler olarak tanimlanabildikleri
gosterilmistir. Sinh siizgecleri, Frey tarafindan
[9]’da Onerilen ESS siizgeclerinin ayirt edici bir
dalini olusturmaktadir. Tsividis, ESS
topolojilerini  ELIN olarak adlandirilan daha
genis bir ag smfinin bir pargast olarak
siniflandirmistir [10].

Sinh silizgegleri dogas1 geregi AB-smifidir ve
yliksek dinamik aralik ve muhtemel biyomedikal
uygulamalar i¢in potansiyele sahiptirler. Zayif
evirtim bolgesindeki MOSFET’in iistel akim-
gerilim iliskisini kullanarak sentezlenen sinh
stizgeclerinin potansiyelinin degerlendirilmesi
[11]°de yapilmistir. Yapilan ¢alismada 0.35 um
AMS  (Austria Micro  Systems) islem
parametreleri kullanilarak olusturulan ikinci
dereceden algak gegiren, ikinci dereceden bant
geciren ve liglincli dereceden butterworth algak
geciren CMOS sinh siizge¢ devrelerinin gii¢
tiketimi, ayarlanabilirlik  ve  dogrusallik
benzetim sonuglar1 verilmistir. Tasarlanan tiim

stizgecler, biyomedikal uygulamalar i¢in 6zel bir
bolge olan Hz-kHz araliginda ayarlanmistir. Bu
frekans araliginda siizgeclerin gii¢ tiiketiminin
nW seviyesinde oldugu goriilmiistiir. Frey'in
durum degiskeni esleme prosediirii takip edilmis,
devrelerin tasariminda T-hiicresi ve S-hiicresi
kullanilmigtir. [12]°de ise yeni bir ultra-diisiik
giglii AB-siifi sinh integratér Onerilmistir.
Kayipli integrator, zayif evirtim bolgesindeki
CMOS transistorler kullanilarak standart 0.35um
CMOS teknolojisi ile benzetimi yapilmis ve 1.5
V (£ 0.75 V) besleme gerilimi ile calisacak
sekilde tasarlanmistir. Calismada ilk olarak

companding sinh intergatoriin genel blok
diyagrami  verilmis, daha sonra Onerilen
integratorin - CMOS  uygulamast  verilmistir.

Onerilen integratérde, yalnizca bir topraklanmis
kondansator kullanildigi, mevcut logaritmik-
ortam  AB-smifi  uygulamalarina  kiyasla
milkemmel gii¢ verimliligi gosterdigi ve 6nemli
Olciide cip alani tasarrufu sagladigi goriilmiistiir.
Bu calismadan sonra yeni bir akim modlu,
companding, AB-smifi, sinh kayipli integrator
Onerilmigtir [13]. [12]’de yapilan integrator
devresine gore yeniligi tek tip eleman
kullanilmas1 ve devre topolojisinin farkh
olmasidir. Ayrica, bu c¢aligsmada, sinyal isleme
yolunda yalnizca tek bir eleman tiirliniin
kullanilmasiyla yiiksek performanshi bir sinh
kayipli integratoriiniin olusturulabilecegini ilk
kez gostererek ELIN/ESS devre aragtirma
alanina katki saglanmistir. Devre 0.35um AMS
CMOS parametreleri kullanilarak tasarlanmistir.
Tasarlanan kayipli integratér, 0.3 pW giic
tilketimi yapmistir ve dinamik giris araliginin
yalnizca bir entegre kondansator ile 120dB’den
biiyiikk oldugu gorilmiistiir. Harmonik ortalama
yasasina dayanan, yeni, pratik, diisiik giiglii, AB-
siifi, companding sinh integratorii ise [14]’te
sunulmustur. Zayif evirtim bolgesinde ¢alisan
MOSFET’ler diisiik glic ve diisiik besleme
gerilimi  islemi i¢in  kullamilmistir.  Tim
translineer dongiiler, standart twin-well CMOS
islemlerinde imalata izin veren tek tip elemanlar
kullanilarak gergeklestirilmistir. Bu calismada
kullanilan bazi kavramlar daha once [15]’de
sunulmasina ragmen, ilk defa bdyle bir devre,
zayif evirtimde MOSFET’ler kullanilarak
gerceklestirilmis; THD, dinamik giris aralig1 ve
frekans ayarlanabilirligi ile ilgili ayrmtili
benzetim sonuglar1 verilmis ve HML (Harmonic
Mean Law, Harmonik Ortalama Yasasi) sinh
integratorii ile bir GML (Geometric Mean Law,
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Geometrik Ortalama Yasasi) sinh integratoriiniin
[13] ayn1 cihaz boyutlar1 ve besleme kosullar
altinda bir karsilastirmas1 gerceklestirilmistir.
Sonuglar HML sinh integratoriiniin ¢ok yiiksek
bir dinamik aralik performansi ile kendi basina
uygulanabilir ~ bir  uygulama  oldugunu
gostermistir. Sinh-ortamda sunulan integrator
devrelerinden sonra yiiksek dinamik aralik,
diistik giic, CMOS sinh companding siizgeclerin
sentez ve transistor diizeyinde uygulanmasina
yonelik bir c¢aligma gergeklestirilmistir [16].
Ozellikle, yiiksek dereceli siizge¢ yapilari igin
temel yapi1 tasi olarak islev gorebilecek olan
daha once Onerilen bir sinh integratori [13]
hakkinda detayli teknik bilgiler sunulmustur.
Sinh-ortamin logaritmik-ortam esdegeri ile
kiyaslanmasina 1s1k tutmak igin, pseudo-
diferansiyel AB-sinifi logaritmik-ortam
integratorii  ile ayrmtili  bir karsilastirma
gerceklestirilmistir. Ayrica, bu ¢alisma, pseudo-
diferansiyel logaritmik-ortam integratoriiyle
kiyaslanabilir bir sinh integratoriinii ilk kez
sunarak ESS, ELIN alanim ilerlemesine katki
saglamigtir. Tablo 1, sinh integratorlerin ilgili
performanslarint  6zetlemektedir. Tablo 1’de
belirtilen performans faktorleri g6z Oniine
alindiginda dinamik giris araliginin en yiiksek
oldugu calismanin [16], toplam kapasitans
degerinin ve gii¢ tiiketiminin en diisiik oldugu
caligmanin ise [12] oldugu gortilmektedir.

Sinh-ortamda siizgecleme

Sinh-ortamda silizgegleme, siirekli-zaman AB-
sinifi akim-modlu analog filtreleri
gerceklestirmek icin ¢ok cekici bir tekniktir. Bu
yaklasima gore, giris akimi ilk Once ters
hiperbolik siniis ifadesi vasitasiyla sikigtirilmis
bir gerilime donistiiriiliir. Sonug olarak, giris
akimmin hem pozitif hem de negatif degerleri
icin daha iyi bir sikistirma elde edilir, bu da

logaritmik-ortam filtrelerinde  ters  distel
fonksiyon tarafindan elde edilen degerden daha
iyi olur. Buna ek olarak, giris akiminin iki
pozitif bilesene bdliinmesi eszamanli olarak
gergeklestirilir, boylece AB-smifi  modunda
caligma kabiliyeti saglanir. Sikistirilmig gerilim
daha sonra sinh-ortam ¢ekirdegi tarafindan
islenir ve ortaya ¢ikan ¢ikis gerilimi genisletilir
ve ayni anda dogrusal bir akima doniistiiriiliir.
Filtrenin  timiiniin = dogrusal  ¢alismasimni
saglamak i¢in, sikistirma ve genisletme islemleri
birbirlerini tamamlayici olmalidir. Logaritmik-
ortam filtreleri ile karsilastirildiginda, sinh-ortam
filtreleri dogal AB-sinifi niteligine sahiptir ve bu
nedenle belirli bir besleme diizeyinde genis
dinamik aralik sunarlar.

Sinh-ortam siizgeglerinin temel yap1 bloklari
sinh ve sinh operatérleri, kayipli ve kayipsiz
integratorler, cebirsel toplama ve ¢ikarma
bloklari; ana yap1 bloklar1 ise dogrusal olmayan
sinh-cosh trans-iletken hiicrelerdir. Sinh ortamda
stizgeglemede aktif bolgedeki BJT ler veya zayif
evirtim bolgesindeki MOSFET’ler kullanilir.
Sinh-ortamda siizgegleme kavrami Sekil 1° de
goriilmektedir. (") isaretine sahip degerler sinh-
ortamdaki sinyalleri ifade etmektedir.

44— Dogrusal Ortam ———»

SINH
(Genislerme) | Iout

oy -1 .
SINH > Sinh Ortam o

Iin | Suogarme) | Pap | (Siwal Bleme) | Prong

Sekil 1. Sinh-ortamda siizge¢leme kavrami

Sinh-ortamda  siizgeglemede, dogrusal giris
akimi sikistirtir ve es zamanlh olarak dogrusal
olmayan girig gerilimine donistiiriiliir ve sinh-
ortam c¢ekirdegine girer. Daha sonra iiretilen
cikis gerilimi genisletilir ve es zamanl olarak
dogrusal ¢ikis akimina dontistiiriiliir.

Tablo 1. Sinh integratérleri performans sonuglari

Performans faktorii [12] [13] [14] [16]
Teknoloji 035 um CMOS 035 um CMOS  0.35 um CMOS  0.35 um CMOS
Gii¢ kaynagi 15V 1V +1V +1V

lo 1nA 10 nA 10 nA 10 nA
Kesim frekansi 636 Hz 2.214 kHz 2.1 kHz 2233 Hz
Noise floor 4.2 pA 12 pA 40 pA 12.3 pA
Toplam kapasitans 10 pF 20 pF 20 pF 20 pF

Gii¢ Tiiketimi 22.5 nW 0.3 uW 1.52 yW 0.2 uW
Dinamik Aralik 75dB ~125dB ~120 dB 132 dB
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Sinh/cosh trans-iletken hiicreler

Sekil 2' de gosterilen zayif evirtim bolgesindeki
MOSFET tabanli dogrusal olmayan sinh ve cosh
trans-iletken  hiicre, sinh-ortam  tasarim
tekniginin birincil blogudur. (1)-(2) denklemleri
strasiyla hiperbolik siniis ve hiperbolik kosiniis
cikiglarini gostermektedir.

Burada, lo DC akimi, V1 termal gerilimi (26 mV
@ 27°C), n MOSFET’in zayif evirtimdeki egim

faktoriini  (1<n<2), Vin+ Ve Vn- sirastyla
terslendirilmis  ve  terslendirilmemis  giris
gerilimlerini  temsil etmektedir. Sikistirilmis

yapilarini temsil etmek i¢in (*) kullanilmisgtir.

Literatiirde  bildirilen  baz1  trans-iletken
hiicrelerin besleme akimi, besleme gerilimi ve

i =921 sinh Vine—V - 1) kullanilan  teknoloji ~ agisindan  benzetim
S 0 nv sonuglarina dayanan karsilagtirma tablosu Tablo
A 2" de verilmistir.
. Vine -V i
ic =21, cosh [INH\/TIN] 2
Voo
&

M,,ill—“:M,,w |—|és1,..

A
Urn+

M“qli_“:‘“’"’ Gr)lv

—»ic — s

Mn;:_ll——ll_: M,

Sekil 2. Cok ¢ikiglh dogrusal olmayan trans-iletken hiicre [50]

Sinh-ortam tamamlayici operatorleri

Sekil 3’ te siwrasiyla dogrusal giris akiminin
sikistirilmis gerilime déniistiiriilmesi (Sinh™?) ve
sikistirllmis  gerilimin ~ genisletilmesi  ve es
zamanl olarak dogrusal akima doniistliriilmesi
(Sinh) goriilmektedir. Sinh ve ters sinh (Sinh™)
fonksiyonlarinin denklemleri asagida verilmistir
[19].

Vi = SINH (i) =Vye +1V, Sinh-l[ziiTn] 3)
0
iOUT ZSINH(\}OUT)ZZIOSInh{VOLﬂ—VVDCJ (4)
T

Burada, Voc DC gerilimi, Vin giris gerilimini, iin
giris akimini, Vout ¢ikis gerilimini ve iour iSe
cikis akimimi temsil etmektedir. Sikistirilmis
yapilarii temsil etmek i¢in (*) kullanilmigtir

Tablo 2. Literatiirde bulunan bazi trans-iletken hiicrelerin karsilastirilmasi

Kaynak Teknoloji Glig Kaynagi Besleme Akimi
[12] 0.35 um AMS CMOS 15V 1nA

[16] 0.35 pm AMS CMOS 2V 10 nA
[20] AMS 0.35 um S35 BiCMOS 1.2V 1 pA

[27] 0.13 um CMOS 0.65V 0.5nA
[28] 0.13 um CMOS 0.65V 0.5nA
[56] 0.35 pum AMS CMOS 0.5V 100 pA
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Sekil 3. SinhY ve Sinh operatorlerinin

gerceklestirilmesi [19]

Sinh-ortam two-quadrant carpici/béliicii

Diger bir onemli blok, two-quadrant
carpict/boliicii bloktur. Topoloji ve ilgili sembol

) (lm

iR

n
o)

iorr

Sekil 4’ te gosterilmektedir, burada 2Q etiketi
hiicrenin two-quadrant ¢alisma kapasitesini
gostermektedir. Bu, hem Io hem de i
akimlarinin dc besleme akimlari olmasindan ve

sonu¢ olarak kesinlikle pozitif olmalar
gerektiginden kaynaklanmaktadir.
iour = lo [:1) ®)
2
Vop

i
—
N\ 21
iorr
==
i
e

Sekil 4. Two-quadrant ¢arpici/béliicii ve sembolii [19]

Sinh-ortam cebirsel toplama/citkarma blogu

Sinh-ortam cebirsel toplama/¢ikarma blogunun
agirlikl giris ile gerceklestirilmesi Sekil 5' te
verilmistir. Cikis ifadesi denklem (6) ile ifade
edilir.

Vop
(iijlﬂ C;j I,
Oy | v -
+ S- ouT 5-
- +
L 1
Ve
(;ala
'ﬂz.u_ +
S -
J__

Sekil 5. Agwhklh girisli sinh-ortam cebirsel
toplama/gikarma blogu [23]

SINH (Vor ) = SINH (Vi:) —aSINH (Vi) (6)

Sinh-ortam integratirleri

Kayipsiz ve kayipli sinh-ortam integratorlerinin
topolojisi  Sekil 6' da  gosterilmektedir.
Gergeklesen transfer fonksiyonlar1 sirasiyla (7)
ve (8) denklemleriyle verilmektedir.

JONES ™
HE)=(34) ®

(7) ve (8) denklemlerindeki zaman sabitinin
ifadesi, denklem (9)'da verilmektedir.

r= [”CVT ] 9)

21,

Burada t zaman sabiti, C kondansator degeridir.
Biyomedikal uygulamalar

Biyopotansiyel sinyaller, canli sistemin saglik
durumu hakkinda bilgi tasirlar. Bu nedenle, bu
sinyallerin izlenmesi ve analiz edilmesi, canli
sistemlere  ait ¢esitli  hastaliklarin  teshis
edilmesini saglar. Bu biyopotansiyel sinyallerin
analizinden elde edilen bilgiler, bu sinyallerin
birbirleri tlizerindeki etkisinin incelenmesi ile
birlestirilerek  hastalarm  yasam  kalitesini
iyilestirmeye devam etmektedir. Biyomedikal
sinyal isleme, genel olarak biyopotansiyel
sinyallerin edinimi, analizi ve iletisimi olmak
lizere ii¢c asama icerir. Biyomedikal sinyal
isleme, biyolojik yapilarin karmagik olmasi
nedeniyle basit bir islem degildir.
Biyopotansiyel sinyalin harici  giiriiltii  ile
bozulmasi ve her bir biyopotansiyel sinyalin bir
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diger biyopotansiyel sinyal i¢in giiriiltii sinyali
olarak hareket etmesi nedeniyle daha karmasik
olmaktadir. Bu nedenle, hastaliklar1 etkili ve
verimli bir sekilde teshis etmek ve hastalarin
yasam  kalitesini  iyilestirmek i¢in  yeni
biyomedikal sinyal isleme tekniklerine ihtiya¢
vardir. Devre tasarim tekniklerinde meydana
gelen yenilikler ve yar iletken entegre devre
teknolojisindeki  son  gelismeler, karmagsik
biyomedikal islemlerle = uyumlu isleme
yeteneklerine sahip sistemlere yonlendirmistir.

Gergek diinyanin analog oldugu fakat sinyal
islemenin giderek daha sayisal hale geldigi goz
oniine alindiginda, analog sinyallerin alinmasi ve
sayisal igleme agsamalarinda uygun sekilde
islenmesi i¢in analog 6n uclarin gerekli oldugu
goriilmektedir.  Fizyolojik  sinyal edinim
tekniklerindeki gelismeler, tasinabilir cihazlara
yonelik daha kiicik ve ultra disiik giiclii
devrelerin tasarlanmasi ihtiyacini
belirlemektedir. Diisiik giiclii, tasinabilir, daha
kiigiik ve dogru edinim sistemleri i¢in yeni devre

VDD

5

b

—1+ s ==
S/S-/IC ¢

- S

I

VDC

Sekil 6. Sinh-ortam (a) kaywpli integrator (b) kayipsiz integrator [19]

tasarimlarina ihtiya¢ duyulmaktadir. EEG, EKG
ve EMG, diisiik voltaj biiytikliigiine ve diisiik
frekansa sahip ana biyomedikal sinyallerdir.
Biyomedikal sinyallerin tipik frekans ve genlik
araliklar1 Tablo 3 te verildigi gibidir. Zayif
biyomedikal sinyallerin alinmasi sirasinda bazi
istenmeyen sinyaller olusmaktadir. Giiriiltiiniin
biyopotansiyel sinyalden uzaklastirilmasi igin
sinyalin Ozelliklerine gore cesitli siizgecleme
islemleri gerceklestirilir. Biyomedikal sinyal
edinim sisteminin analog 6n ucunun genel
blogu, bir enstriimantasyon kuvvetlendiricisi,
temel dolasimi kaldirmak icin bir yiiksek geciren
slizgeg, glic hatt1 parazitini ortadan kaldirmak
icin bir bant durduran siizge¢ (50/60 Hz),
istenmeyen sinyalleri kaldirmak i¢in bir algak
geciren siizge¢ ve bir analogdan dijitale
doniistiiriicii (ADC) igerir. Biyopotansiyel veri
islemenin genel diyagrami Sekil 7 de
gosterilmektedir.

Sinh-ortam
uygulamalart

siizgeclerinin biyomedikal

Sinh-ortam devreleri; diisiik glic dagilimi saglar,
genis dinamik araliga ve elektronik olarak
ayarlanabilirlige sahiptir. Sinh-ortam
stizge¢lemenin 6nemli bir 6zelligi, companding
teknigini kullanmasidir, bdylece giris akimi
sinyalleri  giriste  sikistirilmis  gerilimlere
dontistlriiliir ve daha sonra bu sikistirilmig
gerilimler  ¢ikis asamasinda  genisletilmis
akimlara dontistiiriiliir. Sinh-ortam siizgeclerinde
sitkisgtirma  islemi  ters  hiperbolik  siniis
fonksiyonuyla, genisletme islemi ise hiperbolik
siniis fonksiyonuyla gerceklestirilir. Sikistirma
ve genisletme islemlerinde aktif bolgedeki
BJT'ler veya zayif evirtim bolgesindeki
MOSFET'ler kullanilir. Sinh CMOS siizgegleri
dogal AB-smifindadir ve pseudo-diferansiyel
AB-smifi  logaritmik-ortam  karsiliklar1 ile

Tablo 3. Biyomedikal sinyallerin tipik frekans ve biiyiikliik araliklar

Sinyal Frekans Araligi (Hz) Genlik Araligr (mV)
EEG 0.1-100 0.001-1

ECG 0.01-300 0.05-3

EMG 50-3000 0.001-1000
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Sekil 7. Biyopotansiyel veri islemenin genel diyagrami

karsilastirildiginda toplam kapasitans degerinin
yarisinda yiiksek dinamik aralik sunarlar.
Literatiir taramasi sonucunda, sinh-ortam
siizgeclerinin, dogal AB-smifi yapisi ve genis
dinamik aralifa sahip olmast nedeniyle
biyomedikal uygulamalar igin kabul edilebilir
oldugu gorilmiistiir.

Sinh-ortam stizgeclerinin biyomedikal
uygulamalar icin yapilan calismalart
incelendiginde bir sinh CMOS AB-sinifi 3.
dereceden Bessel silizge¢ tasarimi ve detayli
benzetim sonuclarinin  sunuldugu c¢alismanin
oldugu goriilmektedir [17]. Bu c¢alismada Sinh
CMOS stizgeclerinin disik frekans
uygulamalar1 ve 0zellikle de EKG isleme icin
uygunlugu arastirtlmistir. EKG, viicut yiizeyinde
bulunan elektrotlar araciliiyla kalbin elektriksel
aktivitesini kaydeden zayif bir sinyaldir ve dis
giiriiltiiyle etkilesimi kolaydir. Dogru bir EKG
sinyali almanin yolu giriiltiiyli ortadan
kaldirmaktir. Bu nedenle, temel gezinme, 50/60
Hz frekans paraziti ve yiiksek frekansh
giiriiltiilerin  stizgeclenmesi gerekmektedir. Bu
calismada ilk olarak kesim frekans1 8 Hz olan 3.
dereceden bir Bessel siizgeCin tasarimi transistor
seviyesi sentezi kullanilarak yapilmis ve 0.35
um AMS islem parametreleri kullanilarak
benzetim gergeklestirilmistir. Gegis bandindaki
tim frekanslar1 ayni miktarda geciktirme ve
boylece siizgeclenmis sinyalin seklini koruma
ozelligi nedeniyle biyomedikal uygulamalar i¢in
Bessel yaklasimi onemlidir. Onerilen Bessel
slizgecin ana yapr tasi, Sinh integratoriiniin
transistor seviyesi uygulamasidir. Daha sonra
tasarlanan 3. dereceden  bessel siizgeg
kullanilarak 6. dereceden 2.4 Hz kesim
frekansina sahip bir bessel siizgec, cesitli giirtiltii
kaynaklar1 ile st {iste binen yapay olarak
benzetimi yapilmis bir EKG sinyali araciligiyla
test edilmistir. Tasarlanan 6. dereceden siizgecin
1,5 uW giic tiikettigi ve 59-66 dB'lik dinamik bir
aralik sergiledigi; 3. dereceden siizgecin %l
THD i¢in 95 dB'lik dinamik bir aralik ve %4
THD i¢in 110 dB'den fazla dinamik bir aralik
sergiledigi gorilmiistiir. 6. dereceden 2.4 Hz

kesim frekansina sahip Bessel silizgeg, benzer
uygulamalar i¢in tasarlanmig aym1 kesim
frekansina sahip bir Bessel siizge¢ ile
karsilagtirllmistir [18]. Sinh siizgecinin, [18]'de
bildirilene benzer dinamik aralik sergilerken,
neredeyse on kat daha diisiik toplam statik giic
tikketimine sahip oldugu gozlemlenmistir.

Frey 1996'da ESS sentez yaklasimindan
kaynaklanan bipolar teknolojideki ilk sinh
topolojilerini gostermistir [9]. [9]’da verilen S-
hiicresi ve T-hiicresi olarak adlandirilan hiicreler
dogrusal olmayan trans-iletken hiicrelerdir. ESS
yonteminden tiiretilmis ve [9]’da Onerilen 6zgiin
S-hiicresine ve T-hiicresine dayanan CMOS
zay1f evirtim sinh topolojileri ilk defa Katsiamis
ve Drakakis tarafindan 2005°de Onerilmistir
[11]. Sinh-ortam siizgegleri tasarlamak i¢in yeni
ve sistematik bir yontem [19]’da sunulmustur.
Bu yontemde, her dogrusal islemin geleneksel
fonksiyonel blok semasini sinh-ortama karsilik
gelen bir fonksiyonel bloga doniistiirmek igin
uygun bir tamamlayict  operatdr  seti
kullanilmigtir. Bu yontem ile yliksek dereceli
sinh-ortam  siizgeclerinin  tasarim  yOntemi
kolaylastirilmistir. Bu calismaya kadar yalnizca
birka¢ sinh-ortam yap1 tasmin ve slizgeg
topolojisinin  yaymlanmis olmast nedeniyle
yiksek  dereceli  sinh-ortam  siizgecleri
tasarlamak i¢in  sistematik  bir  yOntem
bulunmadigindan dolayi, bu c¢alismada sinh-
ortam siizgecleri i¢in hizli bir tasarim ydntemi
sunmak amaciyla 6nceden tanitilan yapi taslar
kullanilarak,  yiiksek  dereceli  sinh-ortam
stizgegcleri tiiretme prosediirii bigimlendirilmistir.
Sinh-ortam yap1 bloklarmin gergeklestirilmesi,
uygun yapilandirilmis dogrusal olmayan trans-
iletkenlerin kullanilmasiyla gerceklestirilmistir.
Bu calisma ile yiiksek dereceli sinh-ortam
slizgeclerinin tasarimi sistematik bir yontem
kullanilarak oldukca kolaylastirilmistir. Ornek
olarak, igclincii dereceden bir sinh-ortam
leapfrog  slizgeci, Onerilen operatér seti
kullanilarak tasarlanmistir. Ayrica dogrudan ve
dolayli formlar olarak bahsedilen iki olasi
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integrator gerceklesmesi arastirilmis;
performanslar1  benzetim sonuglart ile
degerlendirilmis ve karsilastirilmistir. Devre
karmagikligi,  glriltiisi =~ performanst  ve
dogrusallik agisindan dogrudan bigimin dolayh
bicime gore daha tercih edilebilir oldugu
sonucuna varilmistir.

Pasif elemanlarin sinh-ortam benzetimine dayali
sinh-ortam sentezi elemanlarin parazitik etkileri
ve egilimleri lizerindeki toleranslar igin tercih

edilmektedir. Pasif elemanlarin sinh-ortam
benzetimiyle tasarlanan  siizge¢  devreleri
benzetildikleri pasif elemanlar kullanilarak
tasarlanmig  devrelerin  avantajlari ve

karakteristiklerini tasirlar. Bu avantajlar ayni
zamanda sinh-ortamda da korunur. Genel olarak
pasif elemanlarin sinh-ortam benzetimine dayali
sinh-ortam sentezinde ilk olarak yontem igin
uygun siizge¢ yaklasiminin se¢imi yapilir. Sonra
secilen yaklagima ve istenen Ozelliklere uygun
olan pasif siizgecin tasarimi yapilir ve bobin,
kondansator ve direng elemanlarinin sinh-ortam
esdegerleri elde edilir. Son olarak elde edilen
sinh-ortam esdegerlerinin pasif devre yapisinda
kullanilan elemanlar uygun degerler
hesaplanarak yer degistirilir. Pasif elemanlarin
uglar1 arasindan lineer ortamda akan akim ile
elemanlarin sinh-ortam karsiliklarinin  uglari
arasindan akan akim aynidir. Bu yolla, tim
devrenin lineer yapist ve calismast korunmus
olmaktadir.

Kasimis ve Psychalinos tarafindan 2012’de
yapilan c¢alismada [20], ilgili pasif prototip
stizgeclerin bilesen degistirme tekniklerine gore

tiretilen yeni BiCMOS sinh-ortam silizgeci
topolojileri tanitilmistir. BiCMOS  dogrusal
olmayan trans-iletken hiicreleri ve ilgili

denklemlerin sinh-ortama aktarilmasi i¢in uygun
tamamlayic1 operator seti kullanilarak elde
edilmistir. Diisiik gerilimli logaritmik-ortam
stizgeclerini  gerceklestirmek icin daha Once
kullanilmis olan dogrusal olmayan doniistiiriicii
hiicreler (E+ hiicre ve E- hiicre) [21], [22] farkli
kombinasyonlarda birlestirilerek sinh (S hiicresi)
ve cosh (C hiicresi) olusturulmustur. Daha sonra
pasif prototip devrenin esdegerini olusturmak
icin sinh integratdr ve toplama bloklar1 ve pasif
elemanlarin (topraklanmis direng, topraklanmis
bobin, yilizen bobin, topraklanmis kondansator,
yiizen kondansator) sinh-ortamdaki esdegerleri
elde edilmistir. Karsilik gelen pasif prototiplerin
topolojisi yiiksek dereceli stizgecleri

gerceklestirmek icin kullanilabilir. Logaritmik-
ortam siizgeclerine ve sinh-ortam siizgeglerine
basariyla uygulanan bu yaklagimda, pasif
prototipin her bir elemani aktif esdegeri ile
degistirilir. Pasif elemanlarm  uygun aktif
bloklarla akim-gerilim iliskisi; pasif elemanin
uclarindan akan akim, tasarlanmis sinh-ortam
esdegerinin  ucglar1 arasindaki akima  esit
olmalidir ve pasif elemanin her iki ucundaki
gerilim karsilik gelen esdegerinin gerilimine esit
olmalidir; kosullar altinda elde edilebilir. Bu
caligmada, sinh-ortam siizgeglerini tasarlayan iki
sistematik  yol ortaya atilmistir.  Siizgeg
topolojilerinin tiiretilmesi, tek bir 1.2 V dc giic
kaynag1 altinda c¢aligma kabiliyeti olan yeni

dogrusal olmayan trans-iletkenlerin
kullanilmasiyla  saglanmistir.  Elde  edilen
karsilastirma sonuglari, logaritmik-ortam ve

OTA-C siizgegleri ile karsilastirildiginda sinh-
ortam  tekniginin en  verimli  sekilde
gerceklestirilmesini sagladigin1 gostermektedir.
Boylece, oOnerilen bloklarin modern yiiksek

performansli, diisiikk voltajli analog isleme
sistemlerinde istthdam potansiyeli oldugunu
gostermistir.

Ikinci dereceden siizgeclerin onemli bir alt sinifi;
alcak geciren, yliksek geciren, bant geciren, bant
durduran ve tiim gegiren olmak iizere bes
standart siizge¢ fonksiyonu sunan evrensel ikinci
dereceden siizgeglerdir. Khanday ve Shah
tarafindan 2013’te yapilan c¢aligmada, diisiik
gerilimli ~ bir  sinh-ortam  evrensel ikinci
dereceden siizge¢ devresi tanitilmistir [23]. Bu
caligmada, ayarlanabilir bir kesim frekansi, genis
dinamik aralilk ve dustk glic tiiketimi
avantajlarina sahip olan diisiik gerilimli bir sinh-
ortam evrensel ikinci dereceden siizge¢ devresi
sunulmustur. Onerilen devrenin, diisiik giic ve
kompaktlik  ozellikleri ve diisiik kesim
frekanslar1  {iretme  yetenekleri  sayesinde
biyomedikal uygulamalar i¢in uygun oldugu
ifade edilmistir. Onerilen devrede kesim frekansi
ve kalite faktori bagimsiz olarak
ayarlanabilmektedir, entegrasyon i¢in uygundur
ve yalnizca birka¢ trans-iletken hiicreden ve
topraklanmis  elemanlardan  olusturulmustur.
Stizgeg, EEG uygulamasi igin tipik kesim
frekanst olan 13 Hz ile frekans tepkisi
gerceklestirilmisgtir. Teorik analizleri
dogrulamak amaciyla benzetim sonuglart elde
edilmis ve siizgecin 59.17 dB dinamik aralik ve
19.2 nW giig tiiketimi gosterdigi goriilmuistiir.
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Biyomedikal uygulamalarda, ultra diistiik giic
ortami oldugunda tasmabilir cihazin Omriini
uzatmak i¢in sistemin gii¢ kaybi miimkiin

oldugunca diisik olmalidir. Bu nedenle,
dogrusal olmayan doniistiirtictilerin
gerceklestirilmesi igin zayif evirtim bolgesinde
calisan MOSFET ler kullanilmalidir.

Biyomedikal sinyalleri islemek i¢in ¢ok giiclii
bir ara¢ olan dogrusal olmayan enerji operatori,
bir sinyalin genligi ve frekansinin anlik iirtiniinii
tahmin etme etkinligine sahiptir. [24]’te dogrusal
olmayan  enerji  operatorii, companding
siizgecleme kavrami kullanilarak logaritmik-
ortam ve sinh-ortam siizgegleme teknikleri ile
gerceklestirilmis ve karsilagtirllmistir. Her iki
topoloji, dogrusal olmayan trans-iletken
hiicrelerin ~ kullanilmasiyla  gergeklestirilen
farklilastirici ve garpici bloklardan
olusturulmustur. Onerilen topolojilerin  her
ikisinde de, zayif evirtim bolgesindeki
MOSFET ler kullanildigindan dolay1 ultra diistik
gerilimli calisma  kapasitesi sunulmaktadir.
Karsilagtirma sonuglari, sinh-ortam
gergeklestirmenin logaritmik-ortam
gergeklestirmesine gore daha fazla giic verimli
oldugunu gostermistir.  Ayrica  sinh-ortam
stizgeglerinin, giris akimmin hem pozitif hem de
negatif degerleri i¢in daha iyi sikistirma ve dogal
AB-sinifi ¢aligma sunmasi nedeniyle akimlari
besleme akimindan daha biiylik bir seviyede
isleyebilirler sonucuna varilmistir.

Biyomedikal sinyal edinim sisteminin analog 6n
ucunun genel blogunda yer alan ve gii¢ hatti
parazitini ortadan kaldirmaya yarayan bir bant
durduran siizgecin (50/60 Hz) tasarimi [25]’te
yapimistir. Bu c¢alismada, pratik bir sinh
integratorii ve 50/60 Hz sebeke giiriiltiisiiniin
biyopotansiyel  sinyallerden  temizlenmesi

amaciyla, Onerilen integrator araciligiyla
sentezlenen 8. dereceden bir bant durduran
siizge¢ tasarlanmigtir. Oncelikle sinh kayiph
integratoriin sentezi verilmis ve algak geciren,
yliksek geciren ve tiim gegiren yanitlara sahip 1.
dereceden  sinh  siizgecin  uygulanmasi
gosterilmistir. Daha sonra fabrikasyon sinh
integrator c¢ipinden Olgiilen sonuglar sunulmus
ve ayritili olarak tartigilmigtir. Son olarak
Olciilen sonuglar sunulmus ve onerilen diger bant
durduran siizge¢ topolojileri ile karsilastirma
yapilmustir. [31]°de sunulan ultra diistik gerilimli
ve diistik giiclii sinh-ortam dalgacik siizgeci
EKG sinyal analizi igin 6nerilmistir. Onerilen
stizgec; frekansinin elektronik olarak
ayarlanmasi,  diren¢  kullanilmamasi  ve
biyomedikal sinyal analizi icin gerekli olan
diisiik gerilim ve diisiik gii¢ ortaminda calisma
yeteneklerine  sahiptir.  Ayrica, sinh-ortam
stizgeclerinin dogal AB-sinifi ¢alismasindan
dolay1 gii¢ tasarrufu saglamaktadir. Dalgacik

doniisimii, EKG sinyalinin  giiriiltiilerden
temizlenmesi i¢in basarili yontem olarak
belirtilmis ~ ve dalgactk  donisiimiiniin

biyomedikal sinyalleri analiz etmek icin giiclii
bir ara¢ oldugu belirtilmistir. Bu nedenle, bu
calismada, EKG sinyal analizi ig¢in disiik
gerilimli ~ distik  glcli  dalgacik  slizgeci
tasarlanmistir. Literatiirde yayinlanan esdegerleri
ile yapilan karsilagtirmaya gore diisiik gic
tilketimi ve giic verimliligi avantajlarma sahip
oldugundan dolayi, analog biyomedikal sinyal

isleme sistemlerinin  gergeklestirilmesi  i¢in
kullanilabilir oldugu belirtilmistir. [17], [23],
[25] ve [31]’de sunulan  biyomedikal
uygulamalar icin Onerilen sinh-ortam

stizgeclerinin Ozelliklerinin 6zeti Tablo 4 te
verilmistir.

Tablo 4. Sinh-ortam siizge¢lerinin biyomedikal uygulama orneklerinin performans ozellikleri

Performans

Fakitrt [17) (23] [25] [31]
Teknoloji 0.35 um AMS  TSMC 0.18 um 0.35 pm AMS AMS 0.35 pm
CMOS CMOS CMOS C35B4 CMOS
Topoloji 3. dereceden Evrensel siizgec 8. dereceden bant- Sinh-ortam
Bessel (EKG) (EEG) durduran (50/60 Hz)  dalgacik siizgeg
Gli¢ kaynagi 1V +0.75V 2V 05V
Kesim frekansi 8 Hz 13 Hz 50 Hz 86 Hz
I;’g’;gg‘ans 150 pF 150.6 pF 200 pF 107.2 pF
Glig tiiketimi 0.1 pW 19.2 nW 8 W 12 nW
Dinamik aralik 117 dB 59.17 dB 89 dB 44 dB
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RMS-DC doniistiirticiiler, biyomedikal sinyal
isleme uygulamalarinda bulunan ve belirli bir
sinyalin ~ ortalama  enerjisinin  tahminini
gerceklestirmek i¢in ¢ok yararli olan bloklardir.
Bir RMS-DC doniistiiriiciistiniin, ultra disiik giig
gerektiren  glinlimiiz ~ biyomedikal  sistem
egilimleriyle uyumlu olmasi i¢in, zayif evirtim
bolgesindeki MOSFET’lerin  kullanilmas1 bu
amaca ulasmak i¢in en verimli ¢6ziim olarak
goriilmektedir. Bu nedenle, [34]’te yeni
dogrudan ve dolayli bir sema araciligiyla
gerceklestirilebilen ~ RMS-DC  doniistiiriicti
topolojileri  dnerilmistir. Onerilen topolojide
kullanilan  yapt  bloklar;; uygun sekilde
yapilandirilmis  dogrusal ~ olmayan  trans-
iletkenler kullanilarak gercgeklestirilen two-
quadrant akim kare alicist ve sinh-ortam
siizgecleme yontemi takip edilerek
gerceklestirilen akim ortalama topolojisidir.
Onerilen semalarin, tek bir 0,5 V besleme
gerilimi ortaminda ¢alisma ve en 6nemlisi, ¢ok
diistik frekansl sinyallerin iglendigi biyomedikal
uygulamalar icin bile topolojilerini tam entegre
bicimde uygulama 6zelliklerini sunmasindan
dolayr  tagmabilir  biyomedikal cihazlara
yerlestirilebilir olduklari belirtilmistir.
Biyomedikal bir uygulama 6rnegi olarak, kalp
aritmisini tespit etmek i¢in bir sistemin tasarimi
sunulmugtur. Bu sistem: (a) bir EKG'nin
enerjisinin  ¢ogunu iceren QRS kompleksi
hakkinda bilgi almak ve temel gezinmeyi, T

dalgas1 parazitii ve 60 Hz giiriltisiini
bastirmak i¢in bant geciren siizge¢ ve (b)
sinyalin ortalama enerjisi hakkinda bilgi
c¢itkarmak icin RMS-DC  doniistiirliciiden

olusturulmustur. Bu c¢alismada onerilen RMS-
DC doéniistiiriicti topolojilerinin her ikisinin de
ultra diigiik gerilimli tam entegre biyomedikal
sistemleri gerceklestirmek i¢in uygun oldugu
belirtilmistir.  Dogrudan  gergeklestirmenin,
tyilestirilmis bant genisligi yararin1 sunarken,
dolayli gerceklestirmenin azaltilmis devre
karmagikligr ve giic dagitimi ve ayrica genlik
varyasyonlarina  gore  gelismis  dogruluk
sagladigi gozlemlenmistir. Dolayli RMS-DC
doniistiiriicii semas1, EKG'lerdeki aritmiyi tespit

gerceklestirme uygunluguna iliskin vaat edilen
bir sonu¢ olarak ifade edilmistir.

EKG sinyali, kalbin ¢alisma durumu hakkinda
yeterince ayrintilt bir goriis sundugundan kalp
hastaliklarinin non-invaziv olmayan tanist igin
giiclii bir aragtir. Biyomedikal sinyal islemenin
analog on ug isleme agsamasi, gliriiltii ve istenen
sinyal arasinda ayrim yaptigindan EKG
sisteminin Onemli bir parcasini olusturur. Bir
EKG sinyalindeki ana giiriiltii bilesenleri: a)
elektrotlardaki ofset voltajlarinin, solunumun ve
viicut hareketinin neden oldugu diisiik frekanslh
bir bilesen olan taban ¢izgisi dolagimi, b) AC
gii¢ hattinin 50/60 Hz frekansindan kaynaklanan
parazit ve c) genellikle elektrocerrahi iinitesinin
yilksek  frekans  ¢ikisindan  kaynaklanan
elektromanyetik girisim olarak siralanabilir.
EKG sinyal almini gerceklestirmek igin
kullanilan analog 6n ucun tipik bir zinciri Sekil
8’ de gosterilmektedir.

EKG sinyal toplama sisteminde: (a) taban
hattinda dolagmay1 gidermek ve ST segmentini
yakalamak i¢in kesim frekanst 50 mHz olan
yilksek geciren bir siizgeg, (b) gili¢ hatti
parazitini en aza indirmek i¢in 50/60 Hz
frekanshi bir bant durduran siizge¢ ve (c) QRS
araliklarii korumak ve elektromanyetik paraziti
en aza indirmek i¢in 100 Hz kesim frekansina
sahip alcak geciren bir siizge¢ kullanilmalidir
[37]. [37]’de, 50 mHz kesim frekansina sahip bir
sinh-ortam yiiksek geciren siizgeg, 50/60 Hz
bant durduran siizgec ve 100 Hz kesim
frekansina sahip alcak geciren siizgecin
kullanildigr bir EKG sinyal toplama sistemi
gergeklestirilmigtir. Bu caligmada, ekstra akim
bdélme agmin kullanilmasiyla uygulanan gelismis
bir giincel boliicii topolojisi kullanilarak sinh-
ortamdaki son derece biiyiilk zaman sabitlerinin
gerceklestirilmesi ile literatiire katki1
saglanmustir. Onerilen yiiksek gegiren siizgecin,
10-50 mHz gibi oldukca diisiik kesim
frekanslarim1 gergeklestirme avantajina sahip
oldugu ve oOnerilen bant durduran siizgecin,
gelismis  glic  verimli  tasarirm  sundugu
belirtilmistir.

etmek icin kullanilmigtir ve bu, yiiksek

performansh biyomedikal sistemleri
G ﬁ* 50 mH; > 50/60 Hz | 100H: » E
Sinyali Yitksek-gegiren filtre Bant-durduran filtre Alpak-gegiren-filtre Stnypali

KG

Sekil 8. Tipik EKG sinyal toplama sistemi
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Tablo 5. EKG sinyal toplama sistemi i¢in [37] de onerilen sinh-ortam siizgeglerinin performans

ozellikleri

Performans Birinc'i' derecede.n Dordiincii derec:stden Dordiincii derecefien

Faktérii Bessel Wksek-geglren bant-durduran siizgeg Bessel a‘l'g:ak-geglren
slizgeg stizgec

Teknoloji TSMC 180nm CMOS TSMC 180nm CMOS TSMC 180nm CMOS

Besleme akimi 200 pA 300 pA 200 pA

Gii¢ kaynagi 05V 05V 05V

Kesim frekansi 50 mHz 50 Hz 100 Hz

Toplam kapasitans 400 pF 400 pF 200 pF

Giig tiiketimi 4.6nW 35 nW 24.8 nW

Dinamik aralik 68.2 dB 55.5 dB 54.29dB

Ayrica, 0.5 V besleme gerilimi kullanildigindan
dolayr Onerilen sistemin modern yiiksek
performansli  biyomedikal sinyal isleme
sistemleri i¢in ideal oldugu ifade edilmistir.
[377’de EKG sinyal toplama sistemi i¢in
Onerilen sinh-ortam siizgeglerinin performans
Ozellikleri Tablo 5’te verilmistir.

EKG sinyalinin 6nemli 6zellikleri arasinda P
dalgas;, Q, R ve S dalgalart ve T dalgasi
bulunur. T dalgasinin analizi, kalp fonksiyon
bozuklugu olan hastalarin teshisi, izlenmesi ve
takibi i¢in temel bir klinik aractir. T dalgasim
algilamak i¢in, kesim frekans1 2.4 Hz olan bir
alcak geciren siizge¢ gerceklestirilmelidir.
[38]’de, sinh-ortam siizgeglerinin, dogal AB-
siifi islemine sahip olmasindan ve zayif evirtim
bolgesindeki MOSFET’lerin kullanilmasindan
dolayr  sinh-ortam  siizgecleme  kavrami
kullanilarak altinct dereceden alcak gegiren
stizge¢ topolojisi gergeklestirilmigstir. Sistemin
davranig1 yapay bir EKG sinyali kullanilarak
degerlendirilmistir. Siizge¢lenmis sinyalin ortaya
cikan dalga formunun, teorik olarak tahmin
edilene c¢ok yakin oldugu ifade edilmistir.
Onerilen topolojinin, esdeger siizgegler arasinda
en giic verimli gerceklestirmeyi sundugu ifade
edilmistir.

Integratorler ve farklilastiricilar, biyomedikal
uygulamalarda sinyal islemeyi gerceklestirmek

icin ¢ok yararli yapt taglaridir. Siizgecleri,
osilatorleri, empedans emiilatorlerini
gergeklestirmek i¢in ve kontrol sistemlerinde
kullanilirlar.  [39]°’da, yeni kesirli dereceli
farklilagtirict  ve  integrator  topolojileri
onerilmistir. Sinh-ortamda stizgecleme
kullanmildigr  i¢in  direngsiz ~ gergeklestirme,

frekansinin dc akim kaynaklart ile elektronik

olarak ayarlanmasi ve 0,5 V giic kaynaginda
caligma avantajlarina sahiptir. Uygulama 6rnegi
olarak, Pan-Tomkins  algoritmasinin  0n
islemesini gerceklestirmek i¢in bir sinh-ortam
zincirinin tasarimi verilmistir; burada geleneksel
farklilastirici, bir kesirli dereceli farklilagtirict ile
ikame edilmistir. Benzetim sonuglari, giiriiltiilii
EKG sinyallerini islemek i¢in karsilik gelen tam
sayt dereceli muadiline gore daha verimli bir
blok oldugunu dogruladigindan dolay1 yiiksek
performanslh ultra diisiik gerilimli biyomedikal
sistemleri gerceklestirmek icin ideal olabilecegi
ifade edilmistir.

EEG, epilepsi ve koma gibi cesitli beyin
bozukluklarin1 teshis etmek ig¢in kullanilan,
beyindeki nodronlarin  ateslenmesiyle kafa
derisindeki elektriksel hareketleri kaydetmek
icin ¢ok etkili bir aractir. EEG sinyallerinin
kaydi, kafa yiizeyine uygun sekilde baglanmis
iletken elektrotlar araciligiyla gerceklestirilir.
Farkli frekans bantlarinda bulunan birkag
dalgadan yapilmistir. Bu dalgalar, alfa (8-12
Hz), beta (14-30 Hz), gama (25-100 Hz) ve teta
(4-7 Hz) dalgalaridir. EEG’nin alfa, beta, gama
ve teta dalgalarini ¢ikarmak ic¢in dordiincii
dereceden bir bant geciren siizgecin uygulama
orne8i olarak gergeklestirildigi [40]’ta, biyiik
zaman sabitlerinin gerceklestirilmesinin verildigi
yeni logaritmik-ortam ve sinh-ortam integrator
bloklarinin tanitim1 yapilmistir. Bu, esdeger
direncin degeri etkilenmeyecek, ancak esdeger
kondansatoriin  degeri uygun DC akimlar
tarafindan kontrol edilen bir faktor tarafindan
Olceklenecek sekilde daha Once tanitilmis
yapilarin uygun bir modifikasyonu ile elde
edilmistir. Once biiyiik zaman sabitlerine sahip
onerilen logaritmik-ortam integratorleri ve
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ayrica logaritmik-ortamda empedans
Olceklendirmeli  pasif  elemanlarin  yeni
esdegerleri tanitilmis, sonra benzer bir uygulama
sinh-ortam karsiliklar1 igin yapilmistir. Daha
sonra tasarlanan ikinci dereceden bant gegiren
slizge¢ topolojileri arasinda ayrmtili  bir

Sonuclar

Bu calismada, biyomedikal uygulamalar igin
sinh-ortamda siizgegleme teknigi ile tasarlanan
disiik giiclii ve diisiik gerilimli siizgecler
incelenmistir. Sinh-ortamda siizgecleme, dogal
AB-smifi yapisina sahip analog siizgecleri
gergeklestirmek icin 6nemli bir tekniktir. Bu,
gerekli akim bdoliinmesinin, dogrusal giris
akimmin sikistirtlmast  ve bunun dogrusal
olmayan bir gerilime doniistiiriilmesiyle
eszamanli olarak gerceklestirilmesinden
kaynaklanmaktadir. Sinh-ortamda siizgecleme
teknigi aym1 zamanda frekans oOzelliklerinin
elektronik olarak ayarlanmasini saglar, ciinki
gergeklestirilen zaman sabitleri bir dc akim
tarafindan kontrol edilir. Zorlayic1 dogasi
nedeniyle, sinh-ortam devreleri ayrica disiik
gerilimli bir ortamda ¢alisma kabiliyetine de izin
verir. Sinh-ortam, karsilik gelen logaritmik
ortam ve karekok ortam esdegerleriyle
karsilastirildiginda, daha fazla gii¢ verimli
siizgec gergeklestirmeleri sunmaktadir.
Biyomedikal uygulamalarda, ultra diisiik giic
ortami oldugunda tasmabilir cihazin Omriini
uzatmak i¢in sistemin gii¢ kaybmin miimkiin
oldugunca diisiik olmas1 gerektiginden sinh-

ortamda zayif evirtim bolgesinde ¢alisan
MOSFET’lerin  kullanilmas1  bliyiik  fayda
saglamaktadir., Bu  c¢alisma  kapsaminda

incelenen ¢alismalar, biyomedikal uygulamalar
icin  sinh-ortamda  tasarlanan  siizgeglerin
biyomedikal uygulamalar i¢in 6zel bir bolge
olan Hz-kHz araliginda ayarlandigini ve 6nerilen
stizgeclerin, diisiik giic ve kompaktlik 6zellikleri
ve diisiik kesim frekanslar1 liretme yetenekleri
sayesinde biyomedikal uygulamalar i¢in uygun
oldugunu gostermistir.
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Arastirma Projeleri Birimi (Proje Numarasi:
19087) tarafindan desteklenmistir.

performans karsilastirmasi yapilmustir. Onerilen
biyomedikal siizge¢ tasarim Ornegi, Onerilen
aktif bloklarin, biyolojik bir sinyalden istenen
bilgiyi c¢ikarmak icin yiiksek performansl
biyomedikal sistemleri gergeklestirmek i¢in
cekici adaylar olabilecegini gostermistir.
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OZET

Bu ¢alismada; alin alina bindirmeli olarak yapistirilmus halka kesitli baglantilarin ¢evresel yapisma yiizeylerinin
baglantt mukavemetine olan etkileri incelenmistir. Halka kesitli baglantilarin alin alina birlestirilmesi igin erkek
ve disi kalip olarak iiretilmislerdir. Farkl iki yapistirict (DP 410, DP 490), dort bindirme agist (30°, 45°, 60°,
90°), iki bindirme i¢ ¢ap1 (15mm, 20mm) ve dort bindirme mesafesi (10mm, 20mm, 30mm, 40mm) ile
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yapistiricisiyla yapistirilan numunelere gore c¢ekme kuvveti degerleri daha yiiksek ¢ikmustir. Burulma
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ABSTRACT

In this study; the effects of the circumferential adhesion surfaces of the ring cross-section joints bonded with
overlap on the bond strength were investigated. They are produced as male and female molds for joining ring
cross-section connections. Bonding processes were carried out with two different adhesives (DP 410, DP 490),
four overlap angles (30°, 45°, 60 °, 90 °), two overlapping inner diameters (15mm, 20mm) and four overlap
distances (10mm, 20mm, 30mm, 40mm). Tensile and torsion tests of the overlapped samples were carried out
according to the determined parameters. The tensile strength values of the samples bonded with DP 410
adhesive were higher than the samples bonded with DP 490 adhesive. In terms of torsional behavior, samples
combined with DP 410 showed better behavior than DP 490.
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Giris

Otomotiv sanayisinde kullanilan gii¢ iletiminin
en Onemli elemanlarindan biri olan miller,
calisma yapist olarak cogunlukla egilme ve

burulmaya maruz kalmaktadir [1-3].
Gintimiizde kompozit, plastik ve metal
malzemelerin birlestirmelerinde cesitli

yapistiricilarin kullanilmasi giin gectikge hizli
bir sekilde artis gostermektedir [4]. Metal-metal
birlestirme  bolgelerindeki  iyilestirmelerde
hassasiyetlere  karsihik  verebildigi  icin
endiistriyel bir birlestirme yoOntemi olarak
yapistiricilar tercih edilmeye baslamistir [5-7].
Yayginlasan yapistirict kullanimi ile birlikte
birlestirmede en O©nemli parametrelerin elde
edilmesi icinde literatiirde bir¢cok arastirma ve
gelistirme calismalar1 yapilmaktadir [8,9]. Siilii
[10], ic basinca maruz ve farkli yapistiricilar ile
birlestirilen tabakali kompozit borularin gerilme
analizlerini gerceklestirmistir. Farkli birlestirme
durumlarinda, yama malzemesinin, kompozit
tabaka sayisinin, bindirme uzunlugunun, boru
kalinligimmin, oryantasyon acilarinin baglanti
mukavemetine etkilerini deneysel ve sayisal
olarak incelemistir. Solmaz [11], farkli
yapistiricilar  kullanarak ~ farkli  bindirme
mesafelerinde  farkli  u¢  acismma  sahip
malzemeleri birlestirmistir. Numunelerin ¢ekme
deneyi yapilmis ve baglantilarin hasar tipleri ile
kuvvetleri belirlenmistir. Mertiny ve Ursinus

[12], yaptiklar1 calismada fiber takviyeli
polimer kompozit borularin yorulma
davranislarini incelemislerdir. Mekanik
modellemeyle numune ve baglanti
noktalarindaki hasarlar1 incelemislerdir.
Sekercioglu  vd. [13], silindirik ge¢meli
yapistirma baglantilarinda ylzey
puriizliliigiiniin etkisini incelemislerdir.

Deneyler hem dinamik hem de statik yiikleme
kosullar1 i¢in yapilmistir. Cok piiriizlii ve ¢ok
parlak yiizeylerde diisik kayma gerilmesi
degerleri bulmuslardir. Labbe ve Drouetn [14],
eksenel yiiklemeye maruz borularin bindirilerek
birlestirilmesi ile ilgili arastirma yapmislardir.
En uygun baglanti ¢esitleri, yapistirict uzunlugu,
yapistirict  tabakast ve i¢ yilizey c¢apt ile
karakterize edilirken, yilizey kalinliklar1 arasinda
yari-dogrusal bir iligki oldugunu
gozlemlemisglerdir. Shokrieh vd. [15], bir saftin

burulma davranisini incelemisler ve kritik
burkulma hesabi i¢in sonlu elemanlar metodunu
kullanmiglardir. Tabaka diziliminin, takviye
acisinin  ve sinir sartlarinin  kompozit saftin
mekanik davranisi lizerine etkisini
arastirmiglardir. Croccolo vd. [16], sabitlenmis
ve yapigkanla yapistirilmis silindirik
mafsallarda yorulma dayanimini incelemistir.
Celik-celik baglantilarin mekanik davranisinin
aliminyum-gelik baglantilardan oldukga farkli
oldugunu belirtmislerdir.

Bu calismada literatiirden farkli olarak alin alina
bindirmeli olarak birlestirilmis halka kesitli
baglantilarin birlestirilmesinde yapistiricinin ve

cevresel yapigma ylizeyinin baglant1
mukavemetine etkisi incelenmis ve
degerlendirilmistir.

Materyal ve Yontem

Halka kesitli ¢ubuklarin kademeli olarak alin
alina birlestirildigi bu calismada, numunelerde
dis cap1 (©OD2) 30 mm ve i¢ ¢aplar1 (OD1) 10
mm olan St37 transmisyon ¢eligi kullanilmistir.
Genis kullanim alani, fiyat olarak uygunlugu ve
kolay islenelenebilir  oldugundan  dolay1
transmisyon ¢eligi tercih edilmistir. Sekil 1°de
halka kesitli ¢ubuklarin alin alina birlestirilmesi
icin erkek ve disi kalip olarak fiiretilen
transmisyon c¢eliginin degisken parametreleri
olan h, a agist ve @D gosterilmistir. DP 410 ve
DP 490 olmak iizere iki farkli yapistirici ile
tabaka kalinligt 0,2 mm olacak sekilde

birlestirilen numunelerin Tablo I’de
parametreleri verilmistir.
U"l?x"'x
!
o prm
£ TR
L

Sekil 1. Numunelerde degiskenlik gosteren h, o

agisi ve QD gosterimi
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Tablo 1. Calismada kullanilan numunelerin
parametreleri

Numune  D2(mm) Di(mm) D(mm) L(mm) h(mm) ao°(derece)
No

1 30 10 15 100 10 30
2 30 10 20 100 10 30
3 30 10 15 100 20 30
4 30 10 20 100 20 30
5 30 10 15 100 30 30
6 30 10 20 100 30 30
7 30 10 15 100 40 30
8 30 10 20 100 40 30
9 30 10 15 100 10 45
10 30 10 20 100 10 45
11 30 10 15 100 20 45
12 30 10 20 100 20 45
13 30 10 15 100 30 45
14 30 10 20 100 30 45
15 30 10 15 100 40 45
16 30 10 20 100 40 45
17 30 10 15 100 10 60
18 30 10 20 100 10 60
19 30 10 15 100 20 60
20 30 10 20 100 20 60
21 30 10 15 100 30 60
22 30 10 20 100 30 60
23 30 10 15 100 40 60
24 30 10 20 100 40 60
25 30 10 15 100 10 90
26 30 10 20 100 10 90
27 30 10 15 100 20 90
28 30 10 20 100 20 90
29 30 10 15 100 30 90
30 30 10 20 100 30 90
31 30 10 15 100 40 90
32 30 10 20 100 40 90
33 30 10 - 100 - -

Cekme deneyi i¢cin numuneler S ile burulma igin
ise T ile belirtilmistir. Yapistirici ise degerlerde
alt indis ile gosterilmistir. Ornegin DP 410
yapistiricist ile birlestirilmis 1 nolu numunenin
cekme kuvveti degeri Sla10 ile belirtilmistir. 33
nolu numune diger numunelerden farkli olarak
normal bir halka kesitli ¢ubugun alin alina
birlestirilmesidir. Sekil 2’de 33 nolu numunenin
kat1 model hali gosterilmistir.

»!
V‘

@10
@30

100

Sekil 2. Alin alina bindirme olmadan

birlestirilen 33 nolu numunenin kati modeli

Belirlenen parametrelere goére CNC torna
tezgahinda numuneler {retilmis ardindan
birlestirme isleminin yapilacagi yiizeyler daha
iyi  yapisma  ylizeyi saglamak  ig¢in
zimparalanmigtir.  Zimparalama  isleminin
ardindan aseton ile yiizeyler temizlenmis ve tiim
ylizeylere etki edecek sekilde yapistirict
stiriilerek yapistirtlmistir. Sekil 3°te alin alina
bindirmeli olarak yapistirici ile birlestirilmis
numunenin resmi verilmistir.

Sekil 3. Yapistirici ile birlestirilmis numune
resmi

Bu c¢alismada kullanilan DP 410 ve DP 490
yapistiricilarinin -~ gerilme  sekil  degistirme
grafikleri Sekil 4’te, mekanik 6zellikleri Tablo
2’de verilmistir. Numunelerin deneysel olarak
cekme ve burulma deneyleri yapilmistir. Cekme
deneyleri SHIMADZU marka ve 250 kN
kapasiteye sahip ¢gekme test cihazinda 1 mm/dak
ilerlemeyle, burulma deneyleri ise JINAN
NDW-200 marka ve maksimum ¢alisma torku
170 N.m olan burulma test cihazinda déonme ac1
orani 10 °/dak alinarak gergeklestirilmistir.
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Sekil 4. DP 410 ve DP 490 yapistiricilarinin
gerilme-sekil degistirme grafikleri

Tablo 2. Yapistiricilarin mekanik ozellikleri

Ozellikler DP 410 DP 490
E (MPa) 2283,69 1237,88
v 0,44 0,38

Bulgular ve Tartisma

DP 410 ile Birlestirilen Numunelerde ‘h’
Bindirme Mesafesinin, ‘0’ Bindirme Ag¢isinin
ve OD Bindirme I¢ Capmmin Cekme
Kuvvetine Etkisinin Incelenmesi

DP 410 yapistiricist kullanilarak dort farkh
(10mm, 20mm, 30mm, 40mm) h bindirme
mesafesinde, (30°45°60° ve 90°) dort farkli
bindirme acisinda ve (15mm, 20mm) iki farkh
OD bindirme i¢ c¢apinda halka kesitli
baglantilarin birlestirilmesi yapilmistir. Yapilan
birlestirmelerde degisen parametrelerin baglanti
mukavemetine etkisini incelemek i¢in DP 410
ile birlestirilmis numuneler c¢ekme yiikiine
maruz birakilmistir. Numunelerin ¢ekme deneyi
sonuglart Sekil 5° te verilmistir. Birlestirmelerin
cekme  kuvvetleri  altindaki  davraniglar
incelendiginde genel olarak h bindirme mesafesi
ve D bindirme i¢ ¢ap1 artikca ¢cekme yiikiiniin
arttigi, a bindirme agisi1 arttikca ¢ekme yiikiiniin
azaldig1 goriilmiistiir. Cekme kuvvet degerleri
incelendigi, maksimum ve minimum ¢ekme
kuvveti degerleri S840 ve S25410 nolu
numuneler de sirastyla 104226,6 N ve 35328,13
N olarak elde edilmistir. Bu durumun yapisma
yiizey alanin  artmasmna  baglh  oldugu
disiiniilmektedir. Benzer sonuglarin Cetkin’in

[17], yaptig1 c¢alismada farkli bindirme
mesafelerinde yapistirilan kompozit
malzemelerin ¢ekme deneylerinde yapisma
alaninin  artmasiyla  numunelerin  hasar
kuvvetlerinin artigin1 belirtmistir.
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Sekil 5. DP 410 yapustirict ile birlestirilmis
numunelerin Kuvvet — Uzama grafikleri

DP 490 ile Birlestirilen Numunelerde °‘h’
Bindirme Mesafesinin, ‘a’ Bindirme Ac¢isinin
ve OD Bindirme I¢ Capimim Cekme
Kuvvetine Etkisinin incelenmesi

DP 490 yapistiricist kullanilarak birlestirilen
halka Kesitli baglantilarin ¢ekme kuvveti
degerleri incelendigi, maksimum ve minimum
¢cekme kuvveti degerleri S8490 (a:30% h:40mm,
D:20 mm) ve S25490 (2:90% h:10mm, D:15 mm)
numunelerin de sirastyla 66183,59 N ve
15054,69 N olarak elde edilmistir. DP 410 ile
yapistirilan  numunelerin - hasar  yiiklerinde
oldugu gibi yapisma ylizey alan1 artigiyla cekme
kuvveti degerlerinde artis gozlemlenmistir
(Sekil 6). Ancak Sekil 4’te gorildiigii gibi DP
410 yapistiricinin  yapisma mukavemeti DP
490’dan daha 1yi oldugu icin, DP 410 ile
birlestirilen numunelerin hasar kuvvetleri daha
yiiksek elde edilmistir. Aydin [4] , yapistirict ile
birlestirilmis prizmatik ge¢meli baglantilarin
baglanti mukavemetine bindirme mesafesinin,
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ylizey pliriizliliigliniin ve yapistirict kalinliginin
etkisini  arastirmistir.  Yapilan  deneysel
caligmanin sonucunda yiizey piiriizliiliigiiniin ve
bindirme mesafesinin artmasi ile baglanti
mukavemetinin arttifint  belirtmistir. Tuzcu
[18], farkl1 yapistiricilar ile tamir edilmis hasarl

izotropik borularda yapistiricilarin
performanslarinin ~ incelenmesi  adli  tez
calismasinda, bindirme agisinin arttirilmasi

sonucunda yama ve yapistirict yiizey alani
arttirlldigindan  dolay1 yiikleme altinda boru

hasar yikii artistnin  daha fazla oldugu
gormiistiir.  Ayrica  bindirme  agilarinin
arttirilmas1  sonucunda yapistiricidda  olusan

gerilmelerin biiyiik oranda azaldig1 goriilmiistiir.
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Sekil 6. DP 490 yapistirict ile birlestirilmis

numunelerin Kuvvet — Uzama grafikleri

DP 410 ve DP 490 yapistiricisi ile birlestirilmis
ve 33 numara ile belirttigimiz alin alina
birlestirilmis  numunelerin  ¢ekme  deneyi
sonuclart  Sekil 7’de verilmistir. Bindirmeli
olarak birlestirilmis numuneler alin alina
birlestirmelere gore daha iyi mekanik davranis
sergilemistir. Ciinkii en disik yapisma ylizey
alan1 33 numarali numunelerde mevcuttur.

_sEEEsEEE:

0 02 04 06 08 1 0 02 04 06

(2) wmww ()

Sekil 7. (a) DP 410 ile alin alina birlestirilmis
numune, (b) DP 490 ile alin alina birlestirilmig

Uzama [mm)

numune

DP 410 ile Birlestirilen Numunelerde °‘h’
Bindirme Mesafesinin, ‘o’ Bindirme Ag¢isinin
ve OD Bindirme I¢ Capinin Burulma Acisina
Etkisinin Incelenmesi

JINAN NDW-200 marka ve maksimum ¢alisma
torku 170 N.m olan burulma cihazinda yapilan
burulma deneylerinde numuneler deneyler
sonucunda hasara ugramamigstir. Bunun igin
burulma torkunu 70 N.m secerek bu torka denk
gelen burulma agilarini numuneler arasinda
degerlendirilmistir.  DP 410  yapistiricisi
kullanilarak birlestirilen numunelerin burulma
altindaki davraniglart incelendiginde genel
olarak h bindirme mesafesi ve D bindirme ig
cap1 artikga burulma agisimin azaldigi, a
bindirme agis1 arttikca burulma agisinin arttigi
gorilmiistiir. Burulma acis1 degerleri
incelendiginde, maksimum ve minimum
burulma acgilar1 T25410 Ve T8410 nolu numuneler
de swrastyla 0,8334° ve 0,1094° olarak elde
edilmistir (Sekil 8).
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Sekil 8. DP 410 yapustiricist kullanilarak
birlestirilen numunelerin burulma acisi

grafikleri

DP 490 ile Birlestirilen Numunelerde ‘h’
Bindirme Mesafesinin, ‘e’ Bindirme Acisinin
ve OD Bindirme i¢ Capinin Burulma Acisina
Etkisinin Incelenmesi

DP 490 ile birlestirilen numunelerin burulma
altindaki davranislari incelendiginde maksimum
ve minimum burulma agilart T25490 ve T840
nolu numuneler de sirasiyla 0,9401° ve 0,1559°
olarak elde edilmistir (Sekil 9). Cekme
deneylerinde oldugu gibi yapisma mukavemeti
daha iyi olan DP 410 ile yapistirilan
numunelerin burulma yiikleri altinda DP 490 ile
birlestirilen numunelere gore daha az hasar
ugramistir. Ayrica Sekil 8 ve Sekil 9’un ayni
tork yiikii altindaki burulma direnglerine
bakildiginda  yapisma alanin  artmasiyla
numunelerin hasar yiiklerine kars1 daha i1yi
direng gosterdigini goriilmektedir. Da Silva vd.
[19], Adams ve Harris [20], Da silva ve

Marques [21], yaptiklar1  caligmalarinda;
mekanik dayanimi yiiksek bir yapistirma
baglantisinin  elde  edilmesi, birlestirilen

parcalarin ve yapistiricinin  tiiriine, secilen
ylizeye, bindirme mesafesine, kalinligina, ortam

sicakligina ve baglanti modelinin geometrisine
bagl oldugunu vurgulamislardir.
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Sekil 9. DP 490 yapustiricist kullanilarak
birlestirilen numunelerin burulma acisi

grafikleri

DP 410 ve DP 490 yapistiricilartyla alin alina
kademesiz olarak birlestirilen 33 nolu numune
icin elde edilen Tork — Burulma agis1 grafikleri
Sekil 10°dadr. Kademeli yapisgtirma
birlestirmelerinde oldugu gibi DP 410 ile alin
alina birlestirilen numunenin burulmaya kars1

gosterdigi  direncin  daha iyi  oldugu
goriilmektedir.
90
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E 0 £ 40
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Sekil 10. (a) DP 410 ile birlestirilen, (b) DP 490
ile birlestirilen numune
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Sonuglar
Bu c¢alismada; halka kesitli c¢ubuklarin
birlestirilmesinde baglantilarin etkisi

incelenmistir. iki farkli 6zellige sahip yapistiric
kullanilarak farkli bindirme mesafesine, farkli
bindirme acisina ve farkli bindirme i¢ agisina
sahip malzemeler birlestirilmistir. Elde edilen
numunelerin ¢ekme ve burulma davranislari

incelenmistir.
Birlestirilen numunelerin ¢ekme kuvvetleri
altindaki davraniglart incelendiginde genel

olarak h bindirme mesafesi ve @D bindirme i¢
capt artikca ¢ekme yiikiiniin arttig1 ve o agisi
arttik¢ca ¢cekme yiikiiniin azaldigi goriilmiistiir.
DP 410 ve DP 490 yapistiricist ile bindirmeli
olarak alin alina birlestirilen halka kesitli gubuk
numuneler, alin alina birlestirilmis numunelere
oranla gerek c¢ekme deneylerinde gerekse
burulma deneylerinde mekanik davranis olarak
daha iyi sonuglar vermistir.

DP 410 yapistiricistyla yapistirilan numunelerin
DP 490 yapistiricisiyla yapistirilan numunelere
gore ¢ekme kuvveti degerleri daha yiiksek
cikmustir.

Burulma davraniglar1 agisindan da DP 410
yapistiricistyla yapistirilan numunelerin DP 490
yapistiricistyla  yapistirilan  numunelere  gore
daha iyi davranig géstermistir.
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Introduction

The escalating costs of energy and building
materials increase the demand for natural and
cost-effective materials with high resistance to
heat  conduction.  Natural lightweight
aggregates may allow us to manufacture low-
density plasters. Lightweight aggregates are
generally divided into two: natural and
artificial. The first group includes pumice,
diatomite, volcanic slag, etc., while the second
group includes perlite, schist, expanded clay
(EC), vermiculite, slate, etc. [1]. Pumice is a
highly porous and glassy volcanic rock. The
porous structure allows it to float on water
when most of it is dry. In other words, it has a
specific gravity of smaller than 1. Its
advantages are heat and sound insulation, fire
resistance, and ease of cutting, shaping, and
nailing [2].

Research on the topic can be summarized in
two groups. The first group consists of studies
on low-density and porous aggregate
concretes. For example, Babu et al. [3] used fly
ash, expanded polystyrene (EPS), and sand to
manufacture concretes with a compressive
strength of 12 MPa. Bicer [4] mixed fly ash
aggregate and gypsum (a binder agent) at
ratios of up to 90% to produce plaster with
thermal conductivity of 0.248 W/mK.
Devecioglu and Bicer [5] added 80% EC and
1% tragacanth resin to produce concretes with
thermal conductivity of 0.140 W/mK. Many
other researchers have conducted similar
studies on EC aggregate concretes [6-13].
Kaya and Kar [14] added 80% EPS aggregate
and 1% tragacanth to produce concrete with
thermal conductivity of 0.50 W/mK. They also
produced concretes with a compressive
strength of 10.85 MPa out of samples with 20%
EPS aggregate. Demirel [15] used EPS +
pumice aggregates to produce concrete with
0.330 W/mK thermal conductivity. Nabajyoti
and Brito [16], Sulkowski et al. [17],
Demirboga and Kan [18], Abbes et al., [19],
and Benazzouk et al. [20] have conducted
similar studies

similar studies similar studies.

The second group of studies focuses on pumice
aggregates. For example, Bicer and Celik [21]
used pumice aggregate and pine resin to
manufacture concretes with thermal conductivity
of 0.231 W/mK. Akpinar et al. [22] used 80%
pumice in concretes with pumice aggregate and
1% tragacanth resin to manufacture concretes
with thermal conductivity of 0.186 W/mK.

This study investigated the effect of pine resin
on the thermal and mechanical properties of
gypsum plasters with pumice aggregate in
different proportions. Pumice rock was crushed
and sieved into three grain sizes (dgs: 2-5 mm,
dgs: 5-8 mm, and dgs: 8-12 mm). Each aggregate
group was mixed with the binder in the
proportions of 20%, 40%, 60%, and 80% (each
plaster and plaster + pine resin mixture) to
manufacture samples (n=24). Unlike earlier
studies, this study involved the addition of resin
(in the form of powder or extract) to the gypsum
at 2% of its total weight (plaster + pumice) to
generate artificial pores and improve the binding
power of gypsum. This study made use of the
property of resin hardening when it dries.

Materials and Methods
Materials
Pumice:

Pumice is a spongy-looking volcanic tuff-type
material with separate macro and micropores
and high heat and sound insulation (Fig. 1). It
has a density of smaller than 1 kg/dm?® and a
thermal conductivity of 0.1 to 0.6 kcal/m?h°C.

Gypsum:
Satin plaster was used as a binder in the plaster

because it takes it longer to dry and harden.
Table 1 shows the chemical composition of the
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pumice and gypsum.

Table 1.Chemical composition of the components

Chemical Pumice Gypsum

characteristics (%) (%)
SiO; 53.83 0.9
Al203 14.81 0.8
Fe,O3 461 -
CaO 4.64 94.7
MgO 2.75 3.9
Na.0 3.64 -
K20 4.38 -
TiO; 0.63 -
Loss on ignition 3.49 -
Not available - -

Pine tree resin:

The natural resin seeps from the bark and
hardens when it interacts with oxygen, and after
a while, it sticks to where it flows (Fig. 2). We
ground resin into powder and then kept it in
powder form or in water for 24 hours.
Afterward, we mixed it with gypsum in the
extract form and used it in plaster samples for
two reasons. First, resin absorbs some water and
expands. It then discharges that water while it
dries and forms artificial micropores in the
plaster structure, resulting in high insulation.
Second, the dried resin hardens, resulting in
improved binding properties (Fig. 2).

Fig. 2. Natural, dried, powder and extract resin

Preparation of samples

Pumice rock was crushed and sieved into grain
sizes of 2-5 mm (Group A; p=0.94 g/cm?®), 5-8

mm (Group B; p=0.88 g/cm?), and 8-12 (Group
C; p=0.82 g/cm®) (Fig. 3). Each group was mixed
with aggregate (in 1:5, 2:5, 3:5, and 4:5 ratios) to
produce samples. The ratio of gypsum (G), water
(W), and diluted resin (R) was (W+R)/G=0.5.
The samples were dried in 100x100x100 mm (for
mechanical tests) or 20x50x140 mm molds (for
thermal tests) at room temperature. They were
then packaged and prepared for measurements.

Fig 3. View of different grain size pumice
Testing methods

Thermal conductivity was measured using the
hot wire method in a Shotherm Quick Thermal
Conductivity Meter Unit, according to DIN
51046 standards. The thermal conductivity
values ranged from 0.02 to 10 W/mK, while the
sensitivity ranged from -5 % to +5% (Fig. 4)
[22]. AIll samples were measured at room
temperature at three different points (22-25°C).
The absolute thermal conductivity was the
arithmetic mean of the test values.

Fig 4. Thermal conductivity meter unit
Mechanical strength tests were performed
according to the ASTM C 109-80 standard.
Compressive strength tests were performed on
each sample block [23].
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A water absorption test (WAR) is used to
determine the amount of water absorbed under
specified conditions. Water absorption is an
important parameter affecting the suitability of
material against freezing hazards. The critical
moisture content is 30%, below which the
material does not deform when freezing [14].
The experiments were performed according to
the BS 812. Part 2 standard [24]. We need to
calculate dry (Wg) and wet weights (W) to
determine the water absorption rate. We used
Eg. 1 (Table 3) to calculate the water
absorption of the samples

WAR={[Wg-W]/W}.100 1)
Porosity is defined by Eq (2), [17].

Pp-Z + Pmypsm (1-Z)

g=1-
PP matrix Z + P zyprum matsix (1-Z) @)

where pp is the density of the pumice, pp matrix IS
the density of the pumice after milling (therefore
causing no porosity), pgypsum IS the density of the
mixture of gypsum + resin, pgypsum matix iS the
density of the mixture of gypsum + resin with 0
% porosity ratio, Z is the pumice ratio (%), and
(1-Z) is the gypsum ratio (%). Porosity was
calculated using Table 3.

Results and Discussions

Extra artificial pores were formed in the
gypsum part of the samples. Artificial pores are
a result of resin absorbing water and then
losing it during drying. Therefore, the resinous
plaster samples with pumice had less density
but more porosity than non-resinous samples.
A decrease in grain diameter in the aggregate
results in the disappearance of some of the
pores of the pumice and an increase in density
(Fig 5 and Fig. 6). While the pumice aggregate
ratio increased from 20% to 80%, Groups A, B,
and C had a density reduction of 35.62%,
31.44%, and 28.76%, respectively. Groups A,
B, and C had a density reduction of 1.61%-
3.83%, 7.51%-13.97%, 4.69-12.95%,
respectively, due to the resin. Groups A, B, and
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C had increased porosity of 01% to 50.35%,
17.13% to 45.40%, and 11.20% to 40.47%,
respectively.
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Fig. 5. Relationship between density-pumice and
resin percentage a) Resin (0%), b) Resin (2%)
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Fig. 6. Porosity ratio versus pumice percentages
a) Resin (0%), b) Resin (2%)

As the aggregate ratio increased, the thermal
conductivity of Groups A, B, and C decreased by
39.07%, 52.06%, and 53.30%, respectively
(Fig.7). Groups A, B, and C had a reduction of
10.76%, 12.06%, and 17.27%, respectively
(Fig.8). Group C had the lowest thermal
conductivity because the smaller the grain size,
the less the aggregate porosity due to
disintegration. Groups A and B should be used
in thin plasters, while group C should be used in
rough plasters.
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Fig. 7. The relationship between thermal
Conductivity - pumice and resin percentage
a) Resin (0%), b) Resin (2%)

Samples with high pumice content (60% and
80%) had lower thermal conductivity than
various plaster materials (Table 5), mainly due
to the porous nature of the pumice and the resin
added to the plaster. The samples had the same
thermal conductivity values as those in Ref [5]
and lower thermal conductivity values than those
in Ref [2, 4, 15, 20, 21] (Table 6). The aggregate
ratio and resin addition gave the plaster samples
sound and thermal insulation.
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Fig. 8. The effect of aggregate size and ratio and
resin on thermal conductivity

The smaller the aggregate size, the greater the
compressive strength (Fig.9-a).
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Fig. 9. Compressive strength ratio versus pumice
percentages a) Resin (0%), b) Resin (2%)

The larger the aggregate size, the smaller the
compressive strength. Groups A, B, and C had a
reduction of 80.19%, 78.09%, and 84.02%,
respectively. With the resin addition, Groups A,
B, and C had an increase in strength by 13.11% -
39.28%, 30.16% - 52.83%, 14.43-29.03%,
respectively (Fig. 9-b and Fig. 10), which is
because the resin hardens after drying. The
results suggest that resinous plasters with pumice
aggregate have good enough heat and sound
insulation and strength to be used as interior
plasters.
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The samples had a greater water absorption than
the critical value of 30% (Fig. 11), [17]. This
shows that resinous gypsum plasters should not
be used in places that come in direct contact with
water because they are at risk of freezing,
cracking, and splintering below 0 °C.
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Fig. 11. Water absorption ratio of samples versus
pumice percentages a)Resin (0%), b) Resin (2%)

The dying tests indicated that the samples could
be used as insulation or interior plasters (Fig.
12).

b)
Fig. 12. Different types of dyes
a) Silicone rubber coating, b) oil painting
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Table 2. Mixing ratio of samples

Samples Weight (gram) Total weight  Resin Resin  (W+R)/G

Pumice Gypsum (gram) (gram)  (liter)
dgs: 2-5, Pine resin (0 %)
1 75.3 380 455.3 - -
2 150.6 760 910.6 - -
3 2209 1140 1360.9 . : 05
4 301.2 1520 1821.2 - -
dgs: 5-8, Pine resin (0 %)
5 60 380 440 - -
6 120.6 760 880.6 - -
7 180.9 1140 1320.9 - - 0.5
8 240.2 1520 1760 - -
dgs: 8-12, Pine resin (0 %)
9 50 380 430 - -
10 100 760 860 - -
11 150.5 1140 1290.5 - - 0.5
12 200.2 1520 1720.2 - -
dgs: 2-5, Pine resin (2 %)
13 75.3 380 455.3 9.6 0.3
14 150.6 760 910.6 19 0.6
15 220.9 1140 1360.9 28 0.9 0.5
16 301.2 1520 1821.2 38 1.2
dgs: 5-8, Pine resin (2 %)
17 60 380 440 9 0.29
18 120.6 760 880.6 18 0.58
19 180.9 1140 1320.9 27 087 09
20 240.2 1520 1760 36 1.16
dgs: 8-12, Pine resin (2 %)
21 45 380 425 8.5 0.28
22 101 760 860 17 0.56
23 1515 1140 1290.5 26 084  O0°
24 202 1520 1720.2 34 1.12

W:Water, R:Resin, G:Gypsum, Resin= Total weight (g) X Resin ratio (%)

Table 3. Pumice aggregate and gypsum density (g/cm?®)
dgs.2-5 mm dgs:5-8 mm dgs:8-12 mm matrix
Pumice 0..94 0.88 0.82 2.655
gypsum 2.25 2.485
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Table 4. Thermal and mechanical properties
Pumice, Pumice Density Porosity Thermal Compre.  Water
Code grainsizes ratio (g/cm®) (%) conductivity strength absorption

(mm) (%) (W/m K) (MPa) (%)
Pine tree resin 0 % |

1 2-5 20 1.252 4.18 0.325 3.08 30.19

2 «“ 40 1.180 8.09 0.280 1.66 34.46

3 «“ 60 0.989 13.14 0.225 0.93 38.50

4 «“ 80 0.806 16.07 0.198 0.61 39.43

5 5-8 20 1.145 5.53 0.290 2.42 31.58

6 «“ 40 1.015 10.24 0.253 1.27 35.44

7 «“ 60 0.968 16.51 0.190 0.65 42.86

8 «“ 80 0.785 2041 0.139 0.53 44.32

9 8-12 20 1.050 7.28 0.272 1.94 32.79

10 «“ 40 0.975 13.97 0.240 0.95 39.06

11 «“ 60 0912  20.26 0.171 0.46 44.14

12 “ 80 0.748  25.36 0.127 0.31 45.61

Pine tree resin 2 %

13 2-5 20 1.204 8.34 0.290 4.29 33.73

14 «“ 40 1.123 11.36 0.225 2.12 36.82

15 «“ 60 0.868 16.38 0.193 1.31 39.54

16 «“ 80 0.793  20.62 0.165 0.69 42.45

17 5-8 20 0.985 10.13 0.255 3.15 34.56

18 «“ 40 0.893 13.88 0.228 1.51 39.75

19 «“ 60 0.836 19.05 0.149 0.81 43.37

20 «“ 80 0.726  24.63 0.116 0.51 45.97

21 8-12 20 0914 1223 0.225 2.22 36.74

22 «“ 40 0.876 17.56 0.190 1.05 41.79

23 «“ 60 0.813 2245 0.130 0.71 46.22

24 “ 80 0.710  28.56 0.105 0.40 49.02

Table 5. Thermal conductivities of different materials [2]
Measured Values Literature
Density Tavr Thermal Density Tavr Thermal
Material (g/cm?) (°C)  Conductivity | (g/cm?®) (°C) Conductivity
(W/mK) (W/mK)

Outher Plaster 1.856 31 1.173 1.600 20 0.930
Inner Plaster 1.763 33 1.163 1.800 20 1.163
Gypsum thin 0.465 34 0.244 0.40-0.50 20 0.139-0.162
plaster (Perlite)
Gypsum rough 0.465 50.7 0.168 0.40-0.50 20 0.139-0.162
plast. (Perlite)
Plaster With 0.672 51.3 0.173 0.700 20 0.244
Cement (Perlite)
Gypsum Block 1.047 40 0.372 0.900 20 0.221
(Perlite)
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Table 6. Physical properties in similar studies

Experimental values

Thermal Compressive

Materials Density  conductivity Strength Literature

(g/cm?®) (W/mK) (MPa)
Gypsum (90%)+fly ash (%10) 1.253 0.335 -
Gypsum (50%)+fly ash (%50) 1.197 0.274 - [4]
Gypsum (10%)+fly ash (%90) 1.120 0.248 -
Cement + sand + fly ash + EPS 1.150 - 35 [3]
Cement + sand + fly ash + EPS 1.350 - 12
EPS (80%)+cement (20%)+tragacanth (1%) 0.536 0.050 0.89 [14]
EPS (20%)+cement (80%)+tragacanth (1%) 1.232 0.320 10.85
Cement+expanded clay (5%)+tragacanth (1%) 1.183 0.220 2.67
Cement+expanded clay (10%)+tragacanth (1%) 1.058 0.160 2.35 [5]
Cement+expanded clay (20%)+ tragacanth (1%) 0.867 0.140 1.35
The pumice aggregate diameter: (8-12) mm
Pumice (20 %)+cement (80%)+tragacanth (1%) 1.306 0.306 -
Pumice (40 %)+cement (60%)+tragacanth (1%) 1.172 0.265 - [21]
Pumice (60 %)+cement (40%)+tragacanth (1%) 0.978 0.226 -
Pumice (80 %)+cement (20%)+tragacanth (1%) 0.811 0.186 -
The pumice aggregate diameter: <20 mm
Pumice (20 %)+cement (80%)+pine resin (1%) 1.548 0.371 19.80
Pumice (40 %)+cement (60%)+pine resin (1%) 1.479 0.318 13.05 [2]
Pumice (60 %)+cement (40%)+pine resin (1%) 1.350 0.265 8.10
Pumice (80 %)+cement (20%)+pine resin (1%) 1.241 0.231 4.58
Cement + pumice + EPS 0.562 0.330 2.99 [15]
Cement and rubber particle (30%) 1.473 0.625 23.30
Cement and rubber particle (40%) 1.300 0.513 16.00 [20]
Cement and rubber particle (50%) 1.150 0.470 10.50
The pumice aggregate dimensions: 8-12 mm
Pumice (20 %)+gypsum (80%)+pine resin (1%) 0.914 0.225 2.22
Pumice (40 %)+gypsum (60%)+pine resin (1%) 0.876 0.190 1.05 Present
Pumice (60 %)+gypsum (40%)+pine resin (1%) 0.813 0.130 0.71
Pumice (80 %)+gypsum (20%)+pine resin (1%) 0.710 0.105 0.40

Conclusions

This study investigated the effect of pine resin on the’

thermal and mechanical properties of gypsum

plasters with pumice aggregate. The following are

the results

v 20%-80% pumice added 2-5 mm (Group
A), 5-8 mm (Group B), and 8-12 (Group C) had
a density reduction of 35.62%, 31.44%, and
28.76%, a thermal conductivity reduction of
39.07%, 52.06%, and 53.30%, and a compressive
strength reduction of 80.19%, 78.09%, and
84.02%, respectively.

v The resinous plaster groups A, B, and C
with pumice aggregate had a density reduction of
1.61%-3.83%, 7.51%-13.97%, and 4.69%-
12.95%, respectively. They had a thermal
conductivity reduction of 10.76%, 12.06%, and
17.27%, respectively. Their compressive
strength increased from 13.11% to 39.28%,

30.16% to 52.83%, and 14.43% to 29.03%,
respectively.

All mixtures had a water absorption of
greater than 30%, and therefore, they should be
used in interior plasters but not in exterior ones.
v Pumice- and resin-added gypsum-block
materials have insulation characteristics superior
to those of similar materials (Table 4). Therefore,
they can be used as internal or insulation plasters
and decoration materials in buildings.

In conclusion, pumice aggregate and pine resin
added gypsum plasters are interior plaster
materials with good heat and sound insulation.
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OZET

Barajlar; inovatif ve teknolojik imkanlar g6z oniinde bulundurularak insa edilmektedir. Barajlarin teknik agidan
degerlendirilip yapim asamalar1 gergeklestirilmesine ragmen projelendirme ve uygulama safhalarinda hatalarla
karsilagilabilmektedir. Bu sorunlar kullanilan malzemelerin uygun segilmemesi, projelendirme-uygulamadan
kaynaklanan hatalar ve dogal afetler gibi ¢evre kosullarinin yol agtigi hatalar seklinde ortaya ¢ikabilmekte, bu
nedenlere bagl olarak barajlarda yikilmalar goriilebilmektedir. Barajlarda hasar ve yikilmalar sonucu olusabilecek
can ve mal kayiplarim engellemek i¢in kullamilan malzemelerin ve barajlarin davraniglariin belirlenmesi
agisindan birtakim deneysel ve simiilasyon ¢alismalarina ihtiyag duyulmaktadir. Bu baglamda 6ngorii olarak erken
uyari sistemi olmasi agisindan yikilma analizleri ve risk haritalari ¢ikarilmalidir.Calisma kapsaminda Dicle Nehri
yan kolu olan Maden Cay1 iizerinde bulunan Kralkizi Baraji’min yikilma iizerine modellenmesi ile bir senaryo
calismasi yapilmugtir. Kralkizi Baraji, Diyarbakir eski sehir merkezinden ortalama 100 metre yiikseklikte ve Dicle
barajiyla birlikte risk olusturabilecek konumda olan bir barajdir. S6z konusu baraj yapim teknigi agisindan dolgu
baraj tipinde olmasina ragmen, ¢alismada kemer barajlardaki yikilma modeli olan, ani yikilma meydana geldigi
kabulii ile en elverigsiz durum dikkate alinarak ¢aligmalar yiiriitiilmistiir.Bu ¢alismada; “Global Mapper, CBS
programi ile ABD Ordusu Miihendislik Birligi tarafindan gelistirilen HEC-RAS programi” kullanilarak bir
boyutlu iistten agma yikilma modellemesi yapilmistir.Sonug olarak, kullanilan programlarla yikilma modellemesi
yapilan Kralkizi Baraji’nin yikilma hidrografi elde edilmistir.
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ABSTRACT

Dams are built by considering innovative and technological possibilities. Although it is evaluated technically and
the construction stages are carried out, major defects can be encountered in the project and implementation phases.
These problems may appear not only using the inappropriate materials but also corrigenda project design,
misimplemantation and natural disasters. Due to these reasons, large damages and collapse can be seen in dams.
In order to prevent loss of life and property that may occur as a result of damage and collapse in dams, Some
experimental and simulation studies are required to determine the behavior of the materials and dams construction.
In this context, collapse analyzes and risk maps should be prepared to occur an early warning system as a
foresight.Scope of the study, A scenario study has been carried out by modeling the Kralkizi Dam on the Maden
Stream, which is a branch of the Tigris River, upon collapse. Kralkizi dam is located at an average altitude of 100
meters from the old city center of Diyarbakir can pose a risk with Tigris Dam.Although Kralkizi dam is of the fill
dam type in terms of construction technique, it was accepted that sudden collapse, which is the collapse model in
arch dams, and studies were carried out considering the most unfavorable situation.In this study; One-dimensional
overrun failure modeling was performed using the "Global Mapper, GIS program and the HEC-RAS program
developed by the US Army Engineering Association".As a result, it was obtained the collapse hydrograph of the
KralKizi Dam, using the collapse modeling program.
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Giris

Barajlar su kullanimi, enerji iiretimi ve taskindan
korunmak amaciyla insa edilen biiyiik yapilardir.
Sehirlere su saglamak amaci ile sehirlerin iist
kodlarinda konumlandirilarak cazibeyle suyun
yerlesim yerlerine ulagmasini saglamaktadir.
Glivenli yapilar olmasina ragmen ingaat
sirasindaki hatalar veya dogal afetlerden otiirii
devamli risk altindadir [1].

Hatalar ve afetler disinda savas sebebiyle de
baraj yikilmasi ile karsilasilmaktadir. 1943’te
ikinci diinya savasi esnasinda Almanya’daki
Mohne Baraji bombalama sonucu yikilmis ve
1579 kisi hayatim1 kaybetmistir. Genel olarak
biitlin yikilma nedenleri dikkate alindiginda
yikilma sonrasi olan tagkin nedeni ile en fazla can
kayb1 ise 1975 yilinda Cin’in Zhumadian
kentinde 171000 insanin dliimiine ekstrem olarak
11 milyon insanin evsiz kalmasina sebep
olmustur [10].

1973 yilinda Uluslararas1 Biiyiikk Barajlar
Komisyonu’nun [3] barajlarin %38’i barajlarin
iistlinden agma, %331 baraj gdvdesinde olusan
borulanma, %23’liik kisminin barajlarin temel
sorunlar1 yikilma nedeni oldugunu raporunda
belirtmistir.

Tropik iklim kusaklarindaki {ilkelerde hem
miktar hem de zarar agisindan seller
goriilmektedir. Tiirkiye gibi tropikal olmayan
iklim  {ilkeleri de sellerden etkilenmeye
baglamistir [5]. Tirkiye’de cografi yapt ¢ok
karmagik ve kisa mesafelerde degisiklik
gosterdiginden olusan taskinlarin sekil ve etkileri
de bolgeden bolgeye farklilik gdstermektedir.
Doganin kendine 0zgli durumu g6z Oniine
alindiginda, depremden sonra en biiyilik felaket
olan tagkinlarin meydana gelme ihtimali oldukg¢a
disiiktiir. Ancak; niifus artigi, yanhis imar ve
plansiz miihendislik uygulamalar1 sonucunda
taskinlar insanoglu i¢in her gecen giin daha riskli
hale gelmektedir [6].

Taskinlar, toprak kaymalar1, depremler, yetersiz
temel, yetersiz projelendirme-ingaat ve zayif
insaat malzemeleri, farkli oturmalar, hatali
rezervuar isletmesi ve savaglar barajlar icin
tehlike olusturan faktorler olarak siralanabilir,

[4].

Kuyular

KRALKIZI™
BARAJI
°Kvalk|z| Dam
. DICLE BARAJI
m e Kavakhl
(0950}
Gl b . E?ckuy 9

Q 500 ]
or] Diyarba, ¥ DIYARBAKIR

Ea

Sekil 1.Kralkizi baraji konumu

Sekil 1’de Google earth haritasinda elde edilen
Kralkizi barajmmin  konumu  goriilmektedir.

Kralkiz1 Baraji1 Diyarbakir sehrinin il sinirlarinda
olup, sehir merkezinden 83 km, Dicle ilgesinden
5,5 km giiney batisinda Maden cay1 lizerinde
GAP (Gilineydogu Anadolu Proje) kapsaminda
insa edilmis bir barajdir.

% . & I
| : o ‘ 2 N / i

Sekil 2.Kralkizi baraji gévdesi goriiniimii [8].
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Sekil 2.’de kaya govde dolgu tipi olan barajin
govde hacmi 15.172.000 m?, akarsu yatagindan
yliksekligi 126,00 m, normal su kotunda gol
hacmi 1919,00 hm?*, normal su kotunda gl alani
57,50 km?'dir. Baraj *da 90 MW gii¢ ile y1llik 146
KWh'lik elektrik enerjisi tiretilmektedir [8].

MATERYAL ve METOD

Baraj insa edildigi zamanda cografi bilgi
sistemleri yaygin olmadigi i¢in haritalandirma
yersel Olglimler paftalara islenerek es ylikseklik
egrileri elde edilmis ve topografik haritalar elde
edilmistir. Elde edilen haritalar proje iizerinde
olup bu verilert dijitallestirilerek cografi bilgi
sistemlerinde kullanilabilecek norma
getirilmistir. Sekil 3’te ¢calisma alanin1 gdsteren
dijitallesmis harita gortilmektedir.

Sekil 3.Calisma alanimin Sayisal Yiikseklik
Model haritast

Bugiiniin teknolojileri, uydu verileri ve dronlar
ile elde edilen haritalar kadar hassas olmasi
Ol¢iim ekiplerinin tecriibesine ve sartlara bagh
oldugu go6z oniinde bulundurulmalidir. Veriler
paftalardan veriler tif normundan 32 bit floating
point veri tipine Global Mapper programiyla
cevrilmistir. Veri ile ilgili detaylar Cizelge 1. de
verilmistir.

Cizelge 1.Caligsma alan: veri bilgileri

Description=Terrain.Dicle Gol.Tif
Upper Left X=587351.964

Upper Left Y=4262102.526

Lower Right X=609566.836

Lower Right Y=4219598.824

West Longitude=39° 59'45.3706"E
North Latitude=38°29' 15.5343"N
East Longitude=40° 15'20.6947"E
South Latitude=38° 06' 08.5615"N
Proj Datum=W(gs84

Proj Units=Meters

Covered Area=944.21 Sq Km

Pixel W1dth=5.945 Meters

Pixel Height=5.945 Meters

Min Elevation=620 M

Max Elevation=1610 M

Sample Type=32-Bit Floating Point

Tiff Desc=Terrain Raster

Modelde Amerikan ordu miihendislerinin
Hidrolojik masasi tarafindan tiretilen HECRAS
programiyla hidrolik modelleme yapilmistir.
HECRAS programi ile hidrolik modelleme
yaninda hidrolojik modelleme, su kirliligi,

sediment ve hidrolik tasarimlar
yapilabilmektedir. =~ HECRAS  programinda
kullanilan  althk dosyalar1 Cografi Bilgi

Sistemleri (CBS) Global Mapper programiyla
hazirlanmstir.

Baraj yikilma hesaplarinda ilk olarak baraj
haznesindeki suyun oOtelenmesiyle baslanilir.
Baraj hazne 6telemesi HECRAS programiyla bir
boyutlu olarak ii¢ sekilde yapilmaktadir.

e Bir boyutlu kararsiz akim Otelemesi
(Saint Venant denklemleri)

e Iki boyutlu kararsiz akim &telemesi
(Saint Venant denklemleri veya Difiizyon
dalga denklemi)

e Seviye Gtelemesi
Mevcut veriler eski olup, insa zamaninda

cografi bilgi sistemleri ¢ok yaygin olmadigi i¢in
yersel Olciimlerden elde edilmis ve dijital
olmayan veriler mevcuttur. Bu veriler goz
onlinde tutuldugunda modelimizde seviye
oteleme kullanilmistir.
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Venant, S. (1871) Saint Venan ilkeleri olarak
bilinen,

9Q 3,
ox & siireklilik ve
Qﬂ
(=)
ey 174 v
S E A s S =0
Ad A4 ox g(ax 0+ 8y)

Momentum denklemlerini ¢alismada taskin
otelemesinde kullanilmistir.

Taskin hesaplarinda hem kararl1 hem de karasiz
akim kullanilmaktadir. Baraj yikilmalarinda su
miktarinin fazla olmast ve akim degerleri
noktadan noktaya degistigi i¢in karasiz akim
tercih edilmektedir.

ikinci adim olarak baraj gedik parametrelerinin
hesaplanmasi gelmektedir.

| AL
VY

Sekil 4. Baraj govdesi trapez gedik elemanlart

Sekil 4’te W kret genisligi, hg Gedik ytiksekligi,
B ortalama gedik genisligini ifade etmektedir.

Modelde barajlarin yikilma istatistigine gore en
biiyiik pay olan %38 1 kapsayan {istten agmasi
sonucu yikilma senaryosu dikkate alinmigtir.
Gedik sekli olarak litaratiirde tiggen,dikdortgen
ve trapez sekil mevcut olup, yine en fazla
kullanilan trapez seklinde gediklenme hesabi
yapilmistir. Baraj yikilmalarinda gedik lineer ve
nonelineer sekilde ilerlemektedir. Bu ¢alismada
gediklenme lineer oladugu kabul edilmistir.

Bir akarsuyun taskin debisinin bilinmesi
hidrolojide pek ¢ok Sorunun ¢oziilmesi igin
gerekmektedir. Yapilmasi diisliniilen tesise gore
bazen toplam hacim, bazen pik debi bazen her
ikisi birden bilinmesi gerekmektedir [7].

Baraj yikilma modelleri hesaplarinda  gedik
parametreleri hesaplanip kabuller yapilmalidir.
Yapilan hesaplarda baraj cinsi yliksekligi, govde
hacmi, baraj g6l hacmi gibi baz1 kiriterleri
hesaplayan ¢ok sayida ifade mevcuttur.
Calismada en ¢ok kullanilan iki formiil ile
parametreler  hesaplanmigtir.  Baraj  gedik
paremetreleri yikilma zamani tf, pik debi Qp ve
gedik ortalama genisligi B olmak tizere iig
tanedir modelde asagidaki formiiller
kullanilmistir.

USBR [9].

tr=0,11 (B)=36.63 saat
B=3(hw)= 332.40m
Qp=16,6(hw)1,85=116,113.01 m%sa

Froehlich [2],

£=0,00254 (V)0,53 hy -0,9= 3.21 saat

"B=0,1803 Ko Vi 0,32 hy 0,19=600 m

Q,=0,607(V0,295h,,1,24)0,412=91.84
mé/s

Yikilma 6rnekleri dikkate alinarak segilen
tr=1 saat

B=350 m

Qp=150000

degerler kullanilmistir.

Bt=700m

Bort=350m

Sekil 5.Trapez gedik nihai degerleri

Simiilasyon sonunda en son kesitteki hidrograf
elde edilmistir

Kalibrasyon yapilirken baraj yikilma siiresinde,
gediklenme tamamen bitirilmeli, baraj golet
hacminin biiylik bir ¢ogunlugunu bosalmis
olmalidir.
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Sekil 6.Kralkizi barajt HEC RAS bir boyutlu
yikilma model plan:

Sekil 6’da modelimizin plant goriilmektedir.
Rezervuar 6telemede tiggen seklinde baraj gdleti
olup seviye hacim egrisiyle tanimlanmistir. Baraj
goliiyle mansap kismi baraj ile inline structure
olarak baglanmistir. Memba kisimda iki kesit
yakin mesafeli olarak yerlestirilirken; bir Kkesit
rezervuart diger kesit ise baraj smir sartlarini
ifade etmektedir.

goriilmektedir. Sekil 9’da bu hususlar goz
oniinde bulundurularak siirtiinme katsayisi nehir
yataginda 0.02 ve bankette 0.03 alinmustir.

Edit Manning’s n or k Values
River: +] %| B @ ¥ EdtinterpolatedXSs  [Chamneln Vaues have
alight green
Reach: [Readﬂl j [Nlllegmns j backaround
Selected Area Edit Options
Add Constant... | Multiply Factor ... | SetValues... | Replace... | ReducetoLChR... |
River Station Fren (k) | n#1 | n#2 | n#3
1[3434 n 0.03 0.02 0.03
2|3388 n 0.03 0.02 0.03
3|2100 Inl Struct
4| 1968 n 0.03 0.02 0.03
5| 1640 n 0.03 0.02 0.03
6[1312 n 0.03 0.02 0.03
7]984 n 0.03 0.02 0.03
8|66 n 0.03 0.02 0.03
5|32 n 0.03 0.02 0.03

Sekil 9. Kesitlerde n siirtiinme katsayisi tablosu

Nehir yataginda bitki olmadigindan n=0.02
alinirken, banketlerde otlar ve daha engebeli
arazi oldugu icin n=0.03 alinmistir. Baraj
yikilmasi tagkinlarinda kisa bir siire sonra Su
tabaklart oldugundan diisiik almak sonucu
etkilemez.

= Cross Section Data - KRALKIZI - ) X
Bt Edt Options Plot Help

we: [T | _\?_';*_‘J Pt Ootions [~ Keep rev XS Pots Clear rey | WV Plot Terran f ava

Reach: [Reed\l llﬂmvsta.:lmd j ﬂﬂ KRAKIZI  Pam: Plan 01 7/182020 24550 AW
Gaom KRALKIZ) Fow

Description [ J River # River | Reach » Rea: RS« MU

DeRon s R s f - —
o Tows [ |, e

Staton | Bevaton |a| 110 100, 100, ,;u_v"

— 0 > WS
I TR |z * S
238 oLy [0 | Cemd | ROB |: %0 g
3|22 87245 .03 [0"_02 [‘—ma ¥ '\ " S nvsu
(s anst . ] - Corv Teran

S "
Ce|e 1% LeRgark | Rehtbark 2 \\
7|48 87,5 163.7 1328.2
|_8|s18 .17 Contrp Coeficent (teady |1 IR ™ "R P )
9153 .12 Contraction Expansion Stton (1
| 10]566 L E Ry by

Sekil 7. Bir boyutlu yikilma modeli enkesiti

Mansap kisminda ise alti kesit iki kilometre
genislik yiliz metre arayla yerlestirilmistir.

4‘&\,

Sekil 8. Kralkizi barajit mansap gévde goriiniigii

Manning siirtiinme katsayisi ise arazide yapilan
incelemelerde, baraj mansap kisimda bitki ortiisii
olmadigr gibi az piiriizli bir yiizey

Sekil 10. Otuz ve altmis dakikada gedik sekli

Sekil 10°da kalibrasyon agisindan ilk yarim
saatte yiizde elli, gedik ilerlemesi ve bir saatte
gediklenmenin tamamlandig1 gorilmistiir.

Bulgular ve Tartisma

Sekil 11 barajdaki gediklenme sonucundaki
seviye goriilmektedir.

s e s e s A e
_‘l -

PR L ! . a T

Diinyada yapilan baraj yikilmalarinin
asirt yagis sonucu dolu savak kapasitesinin
yeterli olamamasi sonucu dolgu barajlarda kret
istlinden agmasi sonucu asmmma ve yikilma
meydana gelmektedir.
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Sekil 12. Maksimum su derinligi

Sekil 12’de maksimum hizlara baktigimizda
baraj mansabinda hiz degerleri yiiksek oldugu,
genisleyen vadiye yayilan su hiz1 diismektedir.

Sekil 13. Dokuz saat sonunda derinlik

Sekil  13’te  modelin  diger  bir
kalibrasyonu, simiilasyon siiresinin az veya ¢ok
olmasinin belirlenmesidir. Secilen dokuz saat
sonunda baraj tamamen bosalmis oldugu ve
stirenin ¢ok uzamadig1 gorilmiistiir.
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Sekil 14. Hidrolik modelin son kesitindeki
hidrograf

Sekil 14’te son kesit hidrografta bir saat sonunda
max akisa ulagsmis olup sonra inise gegmis ve en
son olarak baz akima ulastig1 goriilmektedir.

SONUC

Kralkizi baraji Diyarbakir igme suyu
temini acgisindan Dicle baraji ile birlikte biiyiik
bir 6neme sahiptir. Kralkizi baraji yikilmasi
sonucu olusacak taskinda baraj mansabi
kisminda vadi boyunca yayilmakta hemen Dicle
baraj goliiyle birlesmektedir. Kralkizi mansabin
hemen Oniinde baslayan Dicle baraj goli
sebebiyle iki baraj golii tek baraj golii gibi
diistiniilebilir. Kralkizi barajinin normal seviyede
g6l hacmi 1919 hm3, Dicle barajinin 595 hm?
oldugu g6z dniinde bulundurulursa Kralkizi olasi
yikilmast  Dicle  barajin  tetikleyecegi
ongoriilmiistiir. Calisma sonucunda Kralkizi
barajinin yikilma analizi yapilmasi yeterli
olmayip Dicle barajinin yikilma analizlerinin
yapilmast ¢ok Onemli oldugu sonucuna
ulasilmustir.

Tesekkiir

Bu arastirma makalesi, Miihendislik 16.008 nolu
bilimsel arastirma projesi ve Mithendislik 17.007
nolu doktora tezi kapsamindaki proje ile Dicle
Universitesi  Bilimsel ~Arastirma  Projeleri
Koordinasyon  Birimi  Koordinatorliigii’nce
desteklenmistir. Bu nedenle yazarlar, destek
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ARTICLE INFO ABSTRACT

Today's technologies are produced using new construction methods and new materials and using different
techniques. While the time dimension of the parametric design, which is defined as the fourth dimension,
is sometimes an hour, day or year, sometimes this is seen as a bridge between the past and the present of
the structures that have survived in a large date range. For this reason, the support of new building
materials and techniques from time to time with methods that have the technical data of the period
obtained as a result of our historical heritage and long experience can provide us with new perspectives.
The architectural features and construction techniques of historical mosques contain important data on the
acoustic performance of religious buildings. Our heritage knowledge must be blended with new
knowledge and technologies. Within the scope of the study, the details and systems that were effective in
providing acoustic performance parameters in the architecture of Fatih Pasha (Kursunlu) Mosque, which
was the first Ottoman period work of the city located in Diyarbakir Surigi area, were examined. Among the
objective parameters of the sound, Reverberation Time (RT), Early Decay Time (EDT), Clarity (C80), and
Definition (D50) metrics were measured. The obtained data were compared with reference values and
analyzed. As a result of the data and analysis obtained in the literature reviews, it was determined that the
acoustic values of the mosque were in harmony with the reference values. When the measurement data
were compared with the obtained international publications, it has been observed that the sound pressure
value ranges depending on the frequency of acceptable indoor acoustics standards. The importance of
restoration works in harmony with materials such as basalt, brick, limestone, lime mortar and plaster
which are the original materials of the building was highlighted in terms of acoustics.
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structures until recently, knowledge accumulation and the
technical details below were ignored. Similarly, the
perception of indoor acoustic characteristics on users has
been ignored in historical faith centers. However,
mosques, which are one of the important places of the
Islamic world, should be evaluated in terms of acoustic
comfort in order to ensure the comprehension of Qur’an
reading, imam commands, and sermons, and to improve
the spiritual feeling of the people of the mawlids and
hymns performed with human voice without the use of

Introduction

Historical buildings can be regarded as an information
heritage from the past to the present. While the time
dimension of the parametric design, which is defined as
the fourth dimension, is sometimes an hour, day or year,
sometimes this is seen as a bridge between the past and the
present of the structures that have survived in a large date
range. For this reason, the support of new building
materials and techniques from time to time with methods

that have the technical data of the period obtained as a
result of our historical heritage and long experience can
provide us with new perspectives. The architectural
features and construction techniques of historical mosques
contain important data on the acoustic performance of
religious buildings. Our heritage knowledge must be
blended with new knowledge and technologies. Due to
these neglected data, only official data were used in
restoration stages in studies related to different social

instruments. Due to the lack of known methods that
provide acoustic comfort conditions in many buildings
until our time, incorrect restoration works were carried out
and the techniques that existed during the period were
partially damaged. Instead of original materials, materials
that would disrupt the acoustic comfort were used, and the
mouths of the acoustic pots, which function as resonators,
were covered with plaster.
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The primary aim of this study is to draw attention to the
acoustic properties of historical buildings and to minimize
data loss that would impair acoustic comfort during
restoration. In the field study, the acoustic metrics in Fatih
Pasha (Kursunlu) Mosque, which was recently restored
and opened to worship, were measured and compared with
the reference values given for mosques in the literature [1-
7].

Fatih Pasha (Kursunlu) Mosque

Fatih Pasha Mosque, which was evaluated within the
scope of the study, was built in 1516-1520 by Governor
Biyikli Mehmet Pasha. It was the first Ottoman period
artefact in Diyarbakir. The mosque, popularly known as
the Kursunlu Mosque because of its lead-covered domes,
is located in the eastern part of the old city surrounded by
walls [8], [9]. The mosque was built as a part of a
complex. The complex consists of a mosque, two tombs
and a Shafi’i section. In the northwest corner, there is a
single honorable minaret adjacent to the structure, a tomb,
and in the northeast, there is the Tomb of Ozdemiroglu
Osman Pasha, which is independent of the structure. There
is hazire® in the east and south [8-10] (Fig.1).

Kursunlu Mosque and its hazire were registered and
protected by the Diyarbakir Regional Council for the
Protection of Cultural and Natural Assets in 1991.
Mosque, by the General Directorate of Foundations in
1960, repaired in 1975-1976, 1981-1983, and 2008 [11], it
suffered a major fire and damage as a result of the events
in Surigi in December 2015.The mosque, which
underwent a comprehensive restoration between 2016 and
2019, was reopened for worship in March 2019.

Fatih Pasha Mosque shows the characteristics of classical
Ottoman art with its plan, architectural features and
materials [10]. The mosque consisted of a square-planned
(20.24x20 m.) prayer hall and a seven-unit final
congregation along the northern fagade. It has an area of
approximately 420 m? and a volume of approximately
4520 m?, including the women's mahfil. The prayer hall

! Burial area reserved for special people especially in
mosques

part of the mosque has a central plan supported by four
half domes. The first standout point when entering
through the main door is the cover system built on four
square feet. A dome in the middle and four half domes in
four directions around it reflect the characteristics of a
central structure with four small domes in the corners [8].
A hexagonal pulley carries the central dome. Eight
pointed arched windows were opened in the pulley. Half
domes sit on half octagonal pulleys. Pulleys end with a
row of hedgehog fringes as an early feature [10]. In the
northeast and northwest corners of the prayer hall and just
behind the narthex, there is a square-planned, domed
room (5.2x5 m) (Fig.2).

Basalt was used in the fine part of the last congregation
place and in the important parts of the building, and
rubble basalt was used in the other parts. In particular, the
last congregation place, pulley, and in some parts, smooth
cutting basalt were used.

The interior is entered through the arched doorway in the
middle of the last congregational place. The dome, which
is carried by four square sequins in the middle, has been
expanded with half domes in four directions. The spaces
in the corners are covered with small domes. Half domes
and corner domes are tromp-pass. The most moving part
of the structure, whose walls are usually simple, is the
mihrab and minbar in the middle of the gibla wall. On the
gibla wall, two-storey window arrangement can be seen
on both sides of the mihrab. On the east and west walls,
the three-storey in the middle and the other at the bottom
of the two storeys are seen with flat lento pressed arch
foreheads, and at the top with pointed arches, the top with
pressed arches are seen.

: - i}D le ; _[]

Figure 2. The plan of the Fatih Pasha Mosque [12]

In the north of the mosque, there is a seven-domed last
congregation place. In the middle of the last
congregational place, there is an iwan-type crown door
with pointed arches, which is carried outward. There are
colonnades on both sides. There is a rectangular opening
window above the door. On the right and left of the crown
door, there is a window with flat lento, pointed arch
foreheads, and an mihrab made of two-colored stones, a
door with a pressed arch, and a two-story window. The
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lower windows have a pointed arch forehead with a
straight lento, and those at the top have a pointed arch
opening. The last congregational place is covered with
five domes. Above the middle section of the mosque
entrance, the dome is animated by triangular prism
cabinets between the inner trumpets. There are rich
examples of chasing in other dome interiors and passages.
These chasing have a vegetative character and are not
original. It is not known when the original chasing
ornaments were removed. Today's pen-made ornaments
were originally made in the 2008 repairs. The last
congregational place to open out with pointed arches
sitting on eight columns has a moving image with two-
colored stonework outside the monochrome white
columns [10].

During the restoration application carried out between
2016 and 2019, all the plasters of the mosque, which were
damaged by fire and renewed in 2008, were removed and
replaced with lime plaster compatible with the original.
Only the surface where the original chasing in the dome
were found was not removed but was reinforced by
cleaning. In this process, almost all the plasters on the
inner surface were removed, so the original wall and top
covering materials and acoustic pots placed in the domes
could be seen.

The mihrab of the mosque is made of finely cut
limestone. In the past, it is known that the mihrab is
covered with tiles. But today there is no sign of tiles. The
minbar and door on the right of the mihrab are marble
(Fig.3). A wooden dome with geometric decoration was
later added to the throne section of the minbar with the
cage carving technique. All the wall surfaces of the
structure, which are still plastered today, are basalt rubble
stones, while the feet and arch stones are made of smooth
basalt cut stones. The main construction material of all
domes is brick. It is covered with lime plaster. The
original flooring material is basalt. It is then covered with
carpet. It has been supported to reduce the interior
reverberation time by using carpet covering over basalt
stone as flooring. Accessed by a basalt staircase, the
women's mahfil is made of wooden flooring and wooden
railing carried by wooden posts. The flooring is covered
with carpet. The main entrance door of the mosque and
the profiles of the windows are also wooden.

Figure 3. The minbar and the mihrab in the gibla wall

In the original state of the mosque, the building and
finishing materials, terracotta materials such as brick and
pipe, basalt stone, limestone, marble, mortars, plaster and
paint layers, glass, wood and carpet were identified. Most
of the surfaces in the prayer hall are covered with stucco
and carved decorations.

Pots used as acoustic resonators were uncovered in the
mosque with plasters removed after the fire. Resonators
have become a kind of practice over time, especially in
mosques, which are a religious structure. In the 16th
century, Sinan also widely used acoustic resonators in its
mosques [13]. The simplest type of acoustic resonator is
the Helmholtz resonator. This is a volume of air that is
connected to the volume of the room with a small opening
and neck as soon as it is located in a cavity of a full mass
(Fig.4). The sound energy that strikes causes the air in the
neck to vibrate. This air tends to hare as a mass, such as a
spring, which also includes the air behind the cavity due
to compressed volume. This spring-mass system has a
resonance frequency and is the maximum energy transfer
when they are at the same frequency as the multiplier
sound wave. Energy is swallowed by rubbing against the
neck and the air particles inside. Some of the energy is
transmitted into the cavity inside and continues to spread
again until the sound stops. Therefore, resonators can
extend reverberant sound energy in-room volume. If the
inner surface of the resonator used is not swallowing, it
will come out very quickly at frequencies above and
below its own resonance frequency. That is, if the
resonator is in the swallower feature, it will be effective in
a larger bandwidth. The sound energy emitted back into
space will also decrease due to the ingestion of energy
[14]. Equation (1) [13] displays the formula that can be
used to calculate the resonance frequency of the
resonators soon as it is selected. The acoustic pot in the
dome of the mosque can be seen in Fig. 5.
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Figure 4. Helmholtz Resonator schematic shape
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Figure 5. Acoustic pot in the dome

Methodology for Objective Field
Measurements

In the study, fieldwork was carried out to determine the
acoustic performance of Fatih Pasha (Kursunlu) Mosque,
a historical mosque. Field measurements in the mosque
are in accordance with TS EN 1SO 3382-1 standard [1]
and the space is empty. B&K 4292-L (Omnipower sound
source) was used as the sound source in the
measurements. According to the level of background
sound, the volume is regulated with the B&K 2734 power
amplifier. Metrics were measured with B&K 2270 Sound
Level Meter using ODEON-15-Auditorium software. The
microphone is controlled with the B&K 4231 sound
calibrator before and after measurements. Background
noise level, Reverberation Time (RT), Early Decay Time
(EDT), Clarity (C80), and Definition (D50) metrics were
measured as part of the study.

The background noise level refers to the total sound that
other sources in the environment created at the same time
when the noise source examined in an environment is
silenced [15]. The sounds that make up the background
sound can mask the sound source in the space and reduce
comprehension. For this reason, it is preferred that the
background noise level inside the space and the sound
coming from outside at the time of the activities inside the
space are not noticeable and does not mask the sound
inside the space. The background noise level for mosques
should not exceed 34 dBA or noise criterions NC-25 [16].

The most determining parameter affecting the comfort
conditions in room acoustics is the reverberation time. The
time it takes for a sound pressure level to decrease by 60
dB from the silence of a sound source is called
reverberation time (RT). In the middle and high
frequencies, low reverberation times are required to ensure
the comprehensibility of sermons, while at lower
frequencies, longer reverberation times are required to
develop the spiritual feeling in the recitation of mawlids
and hymns. The higher the reverberation time, the more
vivid the sound field in the room, the lower the dryer and
deader. Very long reverberation times will negatively
affect speech intelligibility, while very short reverberation

times will reduce the sense of adequate feedback and
envelopment of the space [17].

According to Su Gul and Caliskan (2013), optimum
reverberation time limits for 500 Hz-1000Hz are indicated
in Table 1 [2]. According to Karabiber and Erdogan
(2002), the optimum levels for functions performed in
mosques are between 1.7 and 2.8 seconds [3]. Bal
Kogyigit (2014) showed the optimum time for 500Hz -
1000Hz as 1.2sn-3.0sn (Fig. 6) [4].

Early Decay Time (EDT) refers to the time until the sound
from the source decreases by 10 dB. EDT is important in
terms of subjective perception of reverberation time. In
music halls, the EDT value is required to be 10% higher
than the T30 value and in speaking halls, they may have
values close to each other [5].

Table 1. Optimum reverberation time for mosques [2]

. . Only
ACOUSHC Oppm_um Noticeable
Parameters Limits .
Difference
Reverberation Time
(T30 average of 18s-22s %5 (0.15)

500Hz and 1kHz)

OPTIMUM REVERBERATION (500/i000 CPS) FOR AUDITORIUMS AND SIMILAR FACILITIES

Figure 6. Optimum reverberation time (RT) for different
functions [4]

Clarity (C80) is the ratio of the early sound energy coming
to the receiver (the direct sound level in the first 80ms) to
the late sound energy (the reverberating sound level after
80ms). The early to late energy ratio in dB using sound
energy in the first 80 ms as the 'early' part. C80 is most
often used as an indicator of coro and religious ritual
clarity. These limits are -1 and +3 dB range for coro and
religious ritual [6].

Definition-D50 (%) is defined as the ratio of the energy of
the first reflections reaching the receiving point within the
first 50 ms period to the total sound energy reaching the
receiver. Obviously, the 'definition’ is a useful descriptor
of speech intelligibility. As the D50 increases, the
comprehension of speech increases. When the value of the
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D50 rises above 50%, the comprehension of speech
exceeds 90% [7]. According to TS EN ISO 3382-1, the
optimum limit values are between 0.30-0.70 [1].

At the beginning of the work, the background noise level
was measured primarily at four points of the mosque (A1,
A2, A3, Ad). Acoustic parameters were measured at three
sound sources and 25 receiver points in order to determine
the acoustic performance of the mosque. Three source
points (S1, S2, S3) were determined for the measurements.
S1 is positioned in front of the mihrab, S2 is in the minbar,
and S3 is located in the center of the prayer hall. 25
receiver points are designated to be at least 3 m between
them. One of the receiver points is on the women's mahfil
and the others on the ground floor (Fig. 7).

j oR15 ®R16 OR17 @R18 ®R19
oR12
t ®R10 oR11 053 ®R13 OR14 j
®R5 OR6 OR7 @RS ®R9

L] [
Sk

b

Figure 7. The positions of the Source-Receiver points in
a) plan, b) section

The distances between the sources and receivers and their
distances from the nearest reflective surface are arranged
to be at least 1.5 m. Sound sources are positioned at a
height of 1.5 m from the floor. Since the source S1 is
determined as the position of the imam to pray to the
congregation in front of the mihrab, the receiver points are
1.5 m high from the floor; For the S2 source placed on the
minbar, the congregation listened to the Friday sermons by
sitting, so receiver points have a height of 0.8 m; For the
S3 source placed in the center, the receivers were placed
0.8 m above the floor.

Results

In the measurement study carried out in the prayer hall
section of Fatih Pasha (Kursunlu) Mosque; Background
Noise Level, Reverberation Time (RT), Early Decay Time
(EDT), Clarity (C80), and Definition (D50) parameters
were performed as part of the study. The acoustic
performance of the mosque was evaluated by analyzing
the obtained data according to reference data.

Construction works are underway around the mosque,
which is located in a historical area. Although the noise
from construction works outside the building is high, this
level decreases within the mosque. When the background
noise level of the mosque is evaluated; as stated in Table
2, it is seen that the background noise level does not
increase to 34 dBA limit value at all four points measured
within the mosque.

Table 2. Measured background noise levels at four
measurement points

Background Noise Levels

Al A2 A3 A4

32dBA | 31,6 dBA | 32dBA | 29 dBA

The Figure 8 and Table 3 show the average RT of 25
receivers with reverberation time between 125-4000 Hz
obtained from R1-R25 for the S1 source placed in front of
the mihrab, the S2 source placed on the minbar and the S3
source placed in the center has been given. The average
reverberation time of 25 receivers for 500Hz-1000Hz at
S1, S2, S3 sources ranges from 2.66sn-2.69sn for 500Hz
to 2.03sn-2.04sn for 1000Hz. Compared to the optimum
value specified by Su Gul and Caliskan (2013) at 1.8sn-
2.29n, it is in 1000Hz reference data and above 500Hz; It
is among the reference data according to the optimum
level specified by Karabiber and Erdogan (2002) between
1.7 and 2.8 seconds and according to Bal Kogyigit's range
of 1.2-3.00 seconds.
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For S1-S2-S3 source points, Fig. 9 shows the average EDT
data between 125-4000 Hz obtained from R1-R25 receiver
points is given. The average EDT of 25 receivers for
500Hz-1000Hz at S 1,S 2,S3 source points ranges from
2.50sn-2.64sn for 500Hz to 1.97sn-2.06sn for 1000Hz.
These data were found to be among the reference data
because the EDT must be + 10% of the T30 value.

In Fig.10 shows the average C80 data between 125-4000
Hz from R1-R25 receiver points for S1-S2-S3 source
points is also provided. At the S1, S2, S3 source points, it
was determined that the average C80 of 25 receivers was
at reference for 1000 Hz compared to the reference values
-1 and +3 dB, and slightly below the reference for 500 Hz.

For S1-S2-S3 source points, Figure 11 shows the average
D50 data between 125-4000 Hz obtained from R1-R25
receiving points is also given. According to TS EN 1SO
3382-1, the D50 values of the mosque are below the
optimum limit value in S1 and S2 sources for250 Hz, all
other data are among the reference data.
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Figure 9. Average EDT for 25 receiver points for S1, S2,

S3 sources
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Figure 10. Average C80 for 25 receiver points for S1, S2,
S3 sources
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Figure 11. Average D50 for 25 receiver points for S1, S2,
S3 sources

Conclusion

Indoor acoustic comfort in mosques is to ensure that the
users in the space hear the sound of the imam and the
muezzin at the same quality at every point, and to ensure
sound quality in terms of the comprehensibility of talking
to each other. Since the music in mosques is usually
caused by the human voice and narrowband intermittent
sounds used in rehabilitative sounds at medium
frequencies, it does not require high reverberation time in
indoor acoustic control in mosques. Compared to other
religious places, this situation supports the control of the
reverberation time since the floor is covered with carpet in
mosques.

In the measurements made in the study, T30 values, which
are high at low frequencies, were obtained at low levels at
medium and high frequencies, due to the high differences
in sound absorption coefficient values in octave band
frequency ranges on carpeted surfaces. The reverberation
time (RT) of the mosque is in the acceptable range,
especially at 500Hz and 1000Hz. EDT values are among
reference values, reference values for 1000 Hz in C80
data, and slightly below the reference value for 500 Hz.
D50 is below the optimum limit value in S1 and S2
sources for 250 Hz, all other data are among the reference
values.

This study has shown that the architectural features and
construction technigues of historical mosques contain
important data on the acoustic performance of religious
buildings. The fact that the restoration applications were
made in harmony with the original materials of the
building proved that these data, which provide the acoustic
comfort conditions, are preserved. For this reason, it is
beneficial to transfer our heritage information to
contemporary mosque designs by blending it with new
knowledge and technologies.
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