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APPLICATION OF SOCIAL COMPUTING ANALYSIS VIA ATTITUDES
OF MEDIA USERS

Turhan CIVELEK

Department of Software Engineering, The University of Kirklareli Turkey

Abstract

Analyzing and modeling of social platforms and media data are rather developed and still
developing today. Social behaviors are analyzed and characterized with social and artificial
intelligence, statistical methods, analytical approaches and evolutionary algorithms. Data mining
and machine learning are used in the social computing. In this study, social computing included,
two surveys used a questionnaire with 43 different questions handed over in random sample to
537 different high school students in Istanbul. Social media attitudes of students were evaluated
using J48 algorithm. According to J48 algorithm, which constitutes machine learning, learning
took place for 14 questions out of 43. The analysis produced a Kappa Statistic (K) value of 0.446

and F-Measure of 0.701. A decision tree was created to support decision-making.
Keywords: Social Computing, Machine Learning, J48 Algorithm, Decision Tree.
Ozet

Gilinlimiizde sosyal platform ve medya verilerinin analiz ve modellemesi gelismektedir. Sosyal
zeka, yapay zeka, istatistiksel yontemler, analitik yaklagimlar ve evrimsel algoritmalarla sosyal
davraniglar analiz ve karakterize edilmektedir. Veri madenciligi ve makine 6grenmesi sosyal bilgi
islem analizinde kullanilmaktadir. Sosyal bilgi islem icerikli bu ¢alismada Istanbul’da rastgele
secilen farkli liselerden 537 lise 6grencisine iki anket yapilmistir. Anketler sonucunda elde edilen
veriler J48 algoritmasi ile analiz edilmistir. Makine 6grenmesi gerceklestiren J48 algoritmasi 43
sorunun 14 sorusunda 6grenme gerceklestirmistir. Analiz sonucunda kappa degeri (K) 0.446 ve F

degeri 0.701 bulunmustur. Karar vermeyi desteklemek i¢in Karar agaci elde edilmistir.

Anahtar Kelimeler: Sosyal Bilgi Islem, Makine Ogrenmesi, J48 Algoritmasi, Karar Agaci.
Corresponding  author.  Tel:  +90-288-2140514; fax:  +90-288-2140516; e-mail:

turhancivelek@klu.edu.tr
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1. INTRODUCTION

Social computing is a new and developing paradigm, which includes modeling and analysis of
social behaviors [1]. It is defined as a knowledge and communication technique design and usage
tool as well as a tool for calculation simplification of human social dynamics and works placing
social content in focus [2]. It produces results and applications for intelligent and interactive
practices of multi-disciplinary approaches by analyzing and modeling various data from media
and social platforms. It supports various areas such as human-computer interaction, computer,
sociology, social psychology, and organization theory [3].

Social computing, as it is introduced, as a new concept based on artificial systems, is advancing
beyond processing of just social data but towards social intelligence such as artificial intelligence
[4, 5]. Computer simulations, using methods such as artificial intelligence, complex statistical

methods, analytical approaches and evolutionary algorithms model social behaviors [6].

Social computing encompassing calculation paradigms and technology applications, helps
scientists in evaluation of individual and organizational behavior and the management and
implementation of emergency situations [7]. The social data processing is composed of modeling
a community with artificial systems, analyses and evaluation using computational tools,
management and control of a real community using parallel execution.

Similar studies in different areas, such as in socio-economic systems [8], e-commerce [9],
emergency rescues [10], operations management against the risk of environmental accidents [11],
determination of amount of passengers at stations in real time [12], safety efficiency in rail
transport systems [13], personal and social group behaviors, social networking sites [14, 15, 16,
17] have been reported previously.

Machine learning techniques can effectively be used in social process modeling and decision-
making [18, 19, 20, 21]. It evaluates the data and performed improvements in decision-making
in, among others, medical diagnostics, image and face recognition, signal processing,
optimization of network, artificial intelligence, robotics and psychology [22]. Machine learning
algorithms can be used for reporting individual and social behavior, which constitutes one
supporting point of the computational analysis and evaluation process based on social data

processing. Machine learning is preferred in development of computer learning techniques, and

Application of Social Computing Analysis Via Attitudes of Media Users 2
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production of new solutions based on analysis of the data stacks of past learning information
[23].

J. Ross Quinlan developed renewable J48 algorithm, based on information gain theory. It is a
decision tree algorithm, which has C4.5 algorithms in the background. It is one of the best
algorithms, which performs the best learning from the samples [24, 25]. The fundamentals of it
are placed on divide and conguer rule. It constructs a decision tree by dividing and choosing
related samples using IF-THEN conditions [26]. J48 algorithm produces membership function
sets output and decision tree interfaces by dividing samples from the point where information
gain, according to IF-THEN rule, is the best. Decision trees are tools that facilitate understanding
sampled data, support decision-making and have influential accuracy for graphical presentation
[23]. Data is divided after selecting its best parameter in the data domain. Decision tree is
structured top-down, beginning from the best root parameter.

J48 algorithm can effectively prune meaningless branches. The reason for this is that the
decision tree does not explore data but it creates a simple classification model of them.
Furthermore, decision trees prevent finding more quality rules because they use only heuristic
search. They follow solely a single path and thereby miss alternatives including better rules. This
paper intends to remedy this through proposing a decision tree algorithm to explore patterns of
useful business intelligence that it is made by a high-profit-divide method as in [27].

2. DATA and METHOD of ANALYSIS

This research was carried out to identify approaches of high school students’ attitudes in
connection with the social media usage and to their loneliness [28]. Two surveys used
questionnaires with 23 and 20 different questions that were handed over in random sample to 537
high school students in Istanbul. Obtained data from the survey were transformed to .arrf format
and analyzed by using WEKA 3.7.12 (Waikato Environment for Knowledge Analysis) which is a
popular suite of machine learning software. It contains a collection of visualization tools and
algorithms for data analysis and predictive modeling with graphical user interfaces for easy
access to these functions [29, 30]. J48 and ZeroR classification algorithms from the WEKA
library evaluated the data from the surveys. In this endeavor, the success rate of each

questionnaire item by algorithms performed-classification was targeted. The machine-learning
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algorithm J48 performed the most success in the respond of “I do not allocate enough time to the
other social activities because of social media sites”

It is desired to know the success rates of machine learning algorithms in the analysis they are
used. Accuracy rate, precision, recall and F-measure are used to compare success rates of the
algorithms [31]. The class of data is predicted true or wrong when evaluated by a classification
algorithm. WEKA produces a confusion matrix which is a digital output summary of made
predictions.

Accuracy rate is used to measure model performance. It is the ratio of correctly classified
samples number (TP +TN) to total number of samples (TP+TN+FP+FN).

(TP+TN)

Accuracy rate =
(TP+FP+FN +TN)

(1)

Error Rate is the complementary part, which completes the accuracy rate to 1. It is the ratio of

incorrectly classified number samples (FP+FN) to total number of samples (TP+TN+FP+FN).

(FP+FN)
(TP+FP+FN+TN)

Error Rate =

)

Precision is the radio of true positive samples number (TP) whose class is estimated to be 1 to

total samples number (TP+FP) whose class is estimated to be 1.

.. TP
Precision (P) = TP+ FP) 3)

Recall is the ratio of the correctly classified positive samples number to total positive samples
number (TP+FN).

Application of Social Computing Analysis Via Attitudes of Media Users 4
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TP
Recall (R) = m (4)

Precision and recall are not enough alone to extract meaningful results in inter-observer
comparisons. F-measure, which is harmonic average of precision and recall, is defined to solve
this problem [32]. The output of F-measure value has better learnt the relationship between

algorithm classes that are close to 1. F-measure is calculated as follows:

2DK
(D +K)

F-measure (F) =

)

Kappa value (K) determines the concurrence reliability of comparison between observers [33,
34]. The interpretable interval of Kappa-value is between -1 and 1. K is 1 when there is an exact
concurrence comparison between observers. Negative values of kappa (K<0) are meaningless in
terms of reliability. The range of 0.41 and 1.0 is acceptable value for K [35]. If P, is acceptable

rate and Pc is the expected rate, K is calculated as follows:

— (Po — Pc)
Kappa value (K) “iop) (6)

3. FINDINGS

In Table 1, While 329 ((%61.27) of 537 samples were classified as true with ZeroR primitive
algorithm, 208 (%38.73) of them were classified as false in WEKA evaluation as shown in Table
2. Kappa Statistic value was 0. While 385 (%71.69) of 537 samples were classified as true with
J48 classification algorithm, 152 (%28.31) of them were classified as false. Kappa Statistic value
was 0.446.

Application of Social Computing Analysis Via Attitudes of Media Users 5}
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Table 1 Confusion Matrix (J48 and ZeroR)

J48 Confusion Matrix ZeroR Confusion Matrix
a b c <classified as a b c &classified as
290 17 22 1 a=1 329 0 01 a=1
36 21 21 1 b=2 78 0 01 b=2
44 12 74 1 c=3 130 0 0 I c=3

The true classification number of J48 algorithm is bigger than true classification number of
ZeroR algorithm. This indicates that J48 algorithm accomplishes learning. If J48 kappa Statistic
value (0.45) is between 0.41 and 0.60, the success of learning of J48 algorithm is moderate and
acceptable [36].

Table 2 Results of Analyzing Survey Data with WEKA Program

Tipi TP Rate FP Rate  Precision Recall F-Measure = ROC Area
J48 0.717 0.270 0.694 0.717  0.701 0.800
ZeroR  0.613 0.613 0.375 0.613  0.466 0.495

In Table 2, It is seen that F(J48) > F(ZeroR) in Table 3. The more F-Measure value of J48
algorithm is close to 1 the more successful machine learning is. Analysis of survey data by
WEKA proves that, J48 algorithm makes the best learning. The decision tree in Fig. 1 was
obtained according to learning style, which was realized by J48 algorithm in WEKA program.

Application of Social Computing Analysis Via Attitudes of Media Users 6
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Figure 1 J48 Decision Tree

The machine learning algorithm J48 was used and the basic question, “I do not allocate enough
time to the other social activities because of social media sites” was asked to the participants to
determine whether learning took place or not. Learning took place successfully for the following
14 expressions in 43 based on the learning questions. They were:

1. | feel I gain a new personality by means of social media sites,
I think the social media sites break off me from my family,
I think I get rid of loneliness by means of social media sites,

2

3

4. 1do not allocate enough time to my family because of social media sites,

5. 1like the spread of my social media messages among friends,

6. 1do not allocate enough time to the other social activities because of social media sites,

7. 1 express my feelings more to the friends of mine to whom I have special interests
comfortably by the agency of social media sites,

8. 1do not allocate enough time to my friends because of social media sites,

9. 1do not have anybody who can help,

10. I have very many things in common with people around me,

11. I can find friends when | want,

12. 1 am unhappy due to the fact that | am withdrawn into my shell to such a high degree,

13. I have people to whom | can talk,

Application of Social Computing Analysis Via Attitudes of Media Users 7
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14. | have people to whom | can tell my concerns.

The algorithm made a simple classification of the data set. It divided the data by choosing the
best root variable, and built the decision tree from top to down.

The best root variable was placed to top, and according to gain condition, other root variables
were aligned downwards. Therefore, the graphical presentation of the decision tree created with
high accuracy as shown in Figure 1. Decision tree, built as explained above, begins by choosing
the best root variable and data. Attributes are established as points of nodes, and leaves, thus
produced class labels.

The question of if social media users allocated enough time to social activities was investigated
using machine learning performed by J48 algorithm in WEKA.. J48 accomplished high degree of
learning for question 8. Using social media consumers, that machine learning of J48 algorithms
was accomplished regarding the answer, ‘I can’t spare enough time for other activities because of
social media sites’ of persons who allocated enough time to their friends;

o Two hundred sixty-four (%49.2) persons allocated time to social activities. From
others seventy-one persons did not allocate time for social activities,

o Thirty-two (%6) persons occasionally allocated time or did not allocate time their
families allocated time social activities,

e Of persons who allocated time for their families within persons who allocated time for
their friends;

o Two hundred thirty-five (%43.8) persons allocated time for social activities,

o One hundred ninety-seven (%36.7) persons, who did not acquire new personality,
allocated time for social activities,

o Thirty-three persons (%6.1) of those who acquired new personality and considered
themselves that they were not detached from their families or felt sometimes that
they were and they had persons in their contact circles to talk declared that they
allocated time for social activities.

e Of persons who did not spare time for their friends but had people around or occasionally
had people around with whom they could talk about their concerns,

o Fifty (%9.3) persons occasionally allocated time or did not allocate time for social

activities,

Application of Social Computing Analysis Via Attitudes of Media Users 8
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o Forty-five (%8.4) persons who were occasionally unhappy or were unhappy, due
to have been closed to outer world, did not allocate time for social activities, have

been learnt by the J48 algorithm correctly.
4. DISCUSSION and RESULTS

In this study, individual effects of social media on media users were evaluated, and social
attitudes of social media users were characterized by machine learning. The findings obtained
here supported previous studies which were carried out by Macy & Willer (2002) and those by
Mao & Wang (2012). The result of data analysis of the survey with WEKA program proved that
J48 algorithm made the best learning and a decision tree was obtained as function of learning
styles by J48 algorithm in WEKA program.

It was observed that those of social media users who allocated time for their families allocated
time their friends as well. J48 algorithm performed best extraction based on the best root variable
and presented it graphically. Results and the presentation of decision tree based sports activities
supported pervious analogous studies which reported by Sadeh, Hong, Cranor, Fette, Kelley,
Prabaker, Rao, Danezis (2009).

On the whole, the WEKA analysis accomplished learning correctly regarding the fact that 290
(%54) persons allocated time for social activities, 21 persons (%13.78) allocated occasionally and
that 74 (%13.78) persons did not allocate time. It did not obtain learning about the social activity
period of 152 (%28.31) persons.

Social-oriented data processed by machine learning evaluation can support related research.
They can develop strategies with the guidance of gains and outputs based on individuals and
organizations which they reported by King, Li, & Chan, (2009). Statistical values and decision
trees’ graphical interfaces can support decision-making processes about social computing.
Obtained results supported pervious analogous studies which reported by Fang &Lefevre (2010),
Xie, Knijnenburg & Jin (2014). As it is done in this research, machine-learning algorithms can be
used in computational analysis and evaluation, which constitutes one part of the social data

processing, to analyze and document behaviors of individuals and groups.

Application of Social Computing Analysis Via Attitudes of Media Users 9
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Abstract

In this work, we study dual constant width curves due to the Bishop frame of type-2 in

dual space D*. We obtain a differential equation which characterizes these curves in D3. For

special solutions of this differential equation system, we obtain some results in D3.
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Euclidean space.
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D?*DUAL OKLIDYEN UZAYDA 2. CESIT BISHOP CATISINA GORE SABIT
GENISLIiKLi DUAL EGRILER

Ozet

Bu calismada, D® dual Oklid uzayinda 2. tip dual Bishop catisina gore sabit genislikli

dual egrileri inceliyoruz. D*® de bu tip egrileri karakterize eden bir diferensiyel denklem elde

diyoruz. D® de bu diferensiyel denklem sisteminin ¢6ziimii igin, baz1 sonuglar elde ediyoruz.

Anahtar Kelimeler: Dual egriler, Sabit genislikli dual egriler, 2. tip dual Bishop ¢atis1, Dual
Oklid uzay:
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1. INTRODUCTION

The introduction of dual numbers were proposed by William Kingdon Clifford as the
results of his geometrical researches. Then dual numbers and vectors had been used on line
geometry and kinematics by Eduard Study. Some special curves have been studied in
Euclidean space and its ambient spaces such as Lorentzian, and Galilean spaces, (see [2], [6],

[71, [9D).

Fujivara obtained the solution of problem determining whether or not constant width
curves are possible for space curves, and he define the concept “width” of space curves on a
constant width surface, (see [2], [3], [4], [5], [10], [11], [12], [13], [14], [15]).

It is also observed that special curves such as spherical curves, Bertrand curves,
spherical indicatrices, curves of constant breadth, involutes and evolutes are studied by
obtaining solutions of special differential equations characterizing them, (see, [5], [6], [7], [9],

[12]). Such curves have been intensively researched, for details (see, [5], [6], [12]).

Bishop frame put forward as alternative frame of curves had been offered by L.R.
Bishop in 1975 by using parallel transporting vector fields, see, [1]. Later, there are lots of
papers concerning this concept of frame. In general sense, for the researches in Euclidean and
Minkowski spaces, one can look at [1], [8], and also for the treatises in dual space, see, [9].

In this paper, using the vector fields known as dual tangent, normal, and binormal

vectors of Frenet-Serret frame, we give dual Bishop frame of type-2 of regular dual curves in
D3. Thereafter we characterize dual constant width curves due to the mentioned frame in D®.

We also give some properties of dual constant width curves due to that frame in D®.
2. PRELIMINARIES

Let E*be 3-dimensional Euclidean space, that is, 3-dimensional real vector space E* with

the metric
(dx, dx) = dx? +dx +dxZ,

where (X, X,, X, ) denotes the canonical coordinates in E*. An arbitrary vector xof E®is said

to be (x,x)>0 or x=0. For x e E® the norm is defined by |[|x|| = \/(x,x) where the vector x
is called a positive definite.

. . . . 3
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Dual numbers are given by the set
D :{Q: x+gx*‘x,x* € E},

where the symbol ¢ designates the dual unit with the property ¢* =0for &= 0. Dual angle is

defined as & =0+&0",where 6 is the projected angle between two spears and &"is the
shortest distantce between them. The set D is a commutative ring under the operations (+)

and (1) [7].

The set
D3 =DxDxD ={LA9=19+519*‘19,19* S Es}
Is a module over the ring D [7].

For any dual vectors a=a+&a"b=+&b” e D* the Euclidean inner product of a and bis

defined by

<£6> :<a,b>+g(<a*,b>+<a,b*>),

thus the dual Euclidean space is the dual space D® together with Euclidean inner product, and

denoted by D?, and also for 9% 0 the norm is defined as

_ <:9,§>.

3. MAIN RESULT

A

9

In this section, we study constant width curves due to dual Bishop frame of type-2 in D®. It is

also shown that dual curves of constant width are dual slant helix in some special cases due to

dual Bishop frame of type-2 in D®.

Let oAz :oAz(s) be a dual unit speed regular curve in D*. The dual Bishop frame of type-2

. . . . 3
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formula of the dual curve oAz(s) is defined by
&y 0 0 -¢|é
E'=|0 0 —els,) (1)
B| |a e 0 ||B
The relation matrix between dual Frenet frame and dual Bishop frame of type-2 is given as
1A' sin é(s) —CO0s g?(s) 0 z:fl
N |= cos 5(5) sin 9(3) 0 %2 : (@)
B 0 0 1 B
here, the dual Bishop curvatures of type-2 are given by
&,(s)=—7c0s8(s), &,(s)=—rsind(s), 3)
where ; is dual Frenet torsion. Also it can be deduced that dual Frenet curvature is as follows
€2,
)
0=x=—2— @)
1+ (52)?
Sl

in terms of dual Bishop curvature of type-2.

The frame {251 %2, é} is properly oriented, and the dual angle is also

0(s) = ifc(s)ds .

. . . . 3
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Definition 3.1. Let (él) be a dual curve due to dual Bishop frame of type-2 in D*. If (él)

*

has parallel tangents in the reverse directions at the corresponding points «(s) and « (s%)

and the distance between the points remains always constant, then (C,) is said to be a dual

constant width curve due to dual Bishop frame of type-2 in D?.

A simple closed dual constant width curve is represented due to dual Bishop frame of type-2

in D* can be written as

a’(s") = a(s)+my(s) & (s) + my(s) &,(s) +my B, ()
where rﬁl(s), rﬁz (s), rﬁs are arbitrary functions of s. Differentiating (5) gives

/\* ds* A. AA A A. AA A A A A A
& E =@Q+m+e m)&+(M+e,m) &+ (- M-, m, +m,;)B. (6)

Considering T~ =-T by Definition 3.1, we obtain the system of differential equations as
follows

dm,_ ds" ~ -~

-8 né
ds ds ° !

A

m A A

2

S =—€,M;, (7)

A

m3 A A A A

—e,m+e,m,.

Let us denote the angle between the tangent of curve at the point oAc(s) and a given direction

as ¢, and also take

€2 \,
<2y 69
A A A* A E
@=K= ElA ,and @ =k = 1
€2
1+ (222 1+ (5242
El El

into consideration, the equation (7) turns into

. . . . 3
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dn/:l A AAA
+==f(p)- pm,
do
drﬁ A A A
L=—g,pm,, 8
de

dn/'l\s_ AA A AA A
=€ pM+E, pMy,

dg
A A /\* A 1 /\* 1
where f(p)=p+p", p=—, p' =—.
K K

Using ;) :% and the system (8) we obtain the dual differential equation of third order as
K
follows

d3r’;\'| oy ALA A I AAA
£+ o206 P M 26 )T ©
do’

Corollary 3.1. The third order differential equation in (9) is a characterization of the simple
closed curve a due to dual Bishop frame of type-2 in D°.
Since position vetor of a simple closed curve is determined by solution of (9), let us examine

the solution of the equation (9) within the special cases as follows. Let él and f(g;) be a
constants, then the equation (9) has the from
d*m,

3

do

-0, (10)

Solution of equation (10) yields the components

m = A+A o+ A ¢’

A é d A AA AN A
m, = [ = —(A+A g+ Agp’)dg, (11)
g do

. . . . 3
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A d A A A AN A _1
My =| —(A+A o+ A 9*)+ () |,
do &P

where A, A, and A, are constant dual numbers.

Corollary 3.2. The position vector of a simple closed dual constant width curve with constant

curvature and constant torsion is found as

@' (5) = a(s) + (At A 9(9)+ Ao (NES) + ([ Z -2 (Ar A o+ A9)d 9) )
g do

d A A A AN A -1 . A
+(| — (A+ A, p+ A 9)+ T(p) |.—)B
do S P

in terms of the values of n%l, m,, and nqs in the equation (11).

Given the distance between opposite points of «*, a be constant, then we can write that

A A AN

=m?+m;+m; =constant. (12)

A A

*
a —a

Differentiating (12) with respect to ng

m ATy, A A g (1)

de de de

By virture of (8), the differential equation (14) yields

N
AN A AN AN

ml(d_n:l+m3 & p)=0. (14)
do

There are two cases for the equation (14), so we study these cases as follows :

Case 1: If m, =0, then we have the components

. . . . 3
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m,=[| 1) [do , m =12 (15)

ANRAN

& &P

Using the values of (15) in (5), we have the invariant of dual curves of constant width as

/\* A E/\ A A f -
o —at| [| Zr@)e || -T2, (16)
=1 S P

Case 2: If d—njlz—rﬁs eAl/A) that is, f(ng):O, then a relation among radii of curvatures is
do

obtaine as %+é:0.
K K
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A NOTE ON SPECIAL CURVES IN E/*

Sitha YILMAZY, Suur NIZAMOGLU?

Y2Dokuz Eyliil University, Buca Faculty of Education,
Department of Elementary Mathematics Education
35150, Buca-/zmir, TURKEY

Abstract

This article has consisted of a part of doctorate thesis by Sitha Yilmaz [7]. Firstly, Frenet
formulas are given in E,*. Later, characterizations of regular and inclined curves are studied
in E*. It has been given that a space-like curve is an inclined curve if and only if the

expression

= = Acosh([ ods) + Bsinh([ ods),
0 0

T

obtained using harmonic curvature functions in E,*. In addition, it has been observed that a
fifth order vectorial differential equation of position vector of a space-like curve inE,* has
been satisfied by means of Frenet formulas. Similarly, it has been denoted that a fourth order
vectorial differential equation of tangent vector of a space-like curve in E* has been also

verified using Frenet formulas. Moreover, we characterized tangent and trinormal indicatrices
with one theorem. Finally, it has been denoted that if and only if spherical indicatrices of

space-like curve with time-like trinormal vector are regular curves.

Keywords: Inclined curve, harmonic curvature, Frenet formulas, regular curve, space-like

curve, time-like curve, spherical indicatrices.
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Ozet

Bu makale, Sitha Yilmaz’in doktora tezinin bir kismii igermektedir [7]. Oncelikle, E,* de

Frenet formiilleri verilmistir. Daha sonra, regiiler ve inclined egrilerin karakterizasyonlar1 E*
de incelenmistir. Ayrica, space-like bir egrinin inclined egri olmasmin gerek yeter sartinin
E,* de harmonik fonksiyonlar kullanilarak elde edilen asagidaki kosulu saglamasi oldugu

verilmistir:

X _ Acosh( [ ods) + Bsinh([ ods)
T 0 0

llaveten, E* deki space-like bir egrinin konum vektoriine ait besinci mertebeden vektdrel

diferensiyel denklemi, Frenet formiilleri araciligiyla saglanmistir. Benzer sekilde, E,' deki

space-like bir egrinin teget vektoriine ait dordiincii mertebeden vektorel diferensiyel
denklemi, Frenet formiilleri araciligiyla dogrulanmistir. Ayrica teget ve trinormal gostergeler
bir teoremle karakterize edilmistir. Son olarak, space-like bir egrinin kiiresel gostergelerinin

regiiler egri olmasi i¢in gerek ve yeter kosullar verilmistir.

Anahtar Kelimeler: Inclined egri, harmonik egrilik, Frenet formiilleri, regiiler egri, space-

like egri, time-like egri, kiiresel gostergeler.
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A Note on Special Curves in E14 23


file:///C:/Users/yasin%20unluturk/Downloads/suha.yilmaz@deu.edu.tr

i,
_g,» %,

'?' i, -
Yilmaz and Nizamoglu / Kirklareli University Journal of Engineering and Science 2 (2016) 22-37 - ="~

1. INTRODUCTION and PRELIMINARIES

The classical differential geometry of curves in Euclidean 4-space and higher dimensions
is studied by Semin [5], Gluck [3], and Magden [8]. Also the studies of curves in Minkowski
spaces are seen in the works of Yilmaz [7] and Ekmekei [1].

In this study, we give some new characterizations of special curves in E*

Let denote E;' Minkowski-4 space, i.e., the manifold Euclidean 4-space E* together a flat

with the Lorentzian metric (,) of signature (+,+,+,-) as

(X,Y) = X Y1 XY, + XY = X, Vs,

where X = (X, X,, X5, %X,) and Y =(y,,Y,,Ys,Y,) [4]. This metric is symmetric, bi-linear and
non-degenerate one.

An arbitrary vector a in E;' can have one of three Lorentzian causal characters; it can be
space-like if (a,a)>0 or time-like if (a,a)<0 and null (light-like ) if (a,a)=0. Similary,
an arbitrary curve a=a(s)in E;' locally be space-like, time-like or null if all of its velocity
vectors «'(s) are respectively, space-like, time-like or null for each sel c E. The vectors
X,Y in E; are said to be orthogonal if (X,Y) =0. Recall that the norm of an arbitrary vector
aeE/ isgiven by ||a] =, ﬂ(a, a)‘ and that the velocity of the curve a(s) is given by | '(s)| -

Therefore, a(s) is a unit speed curve if and only if ((s),a'(s)) =+1 [6].

The Lorentzian sphere of center m=(m,m,,m,,m,) and radius r e E* in the space E,

defined by S’ ={a=(, @, o, ,) €E} :(a—m,a—m)=r?} [4].

Let X = X(s) be a space-like or time-like curve with unit speed (arc-length

parameterized) in Minkowski space time E;'. The Frenet frame of X (s) which is shown by

'Iui, KI“I:% and E can be defined as follows:

The vector T which is tangent to the curve X(s) is obtained as

A Note on Special Curves in E14 24
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dX
ds '’

—As
I
o

(1.1)

and the first curvature function x which measures the curve deviation from straight line is
ul

defined as x =|T"'

The vector N which is called principal normal vector is defined as

w T

N = T—. (1.2)
K

The third, or the binormal vector of the curve is defined as

u_ Ll.ll u

Bo b Nh (1.3)
N+ &T H

and the second curvature function z which measures the curve deviation from the plane
w ul
{T,N} is defined as 7 =HN "+ kT

The fourth, or the trinormal vector is defined as
LIé:,u("ll:/\Ll\‘ll/\té), (1.4)

where the exterior product of 'Iu: KI‘ and é is defined as

u w u w
e e e -e
u w u
T/\N/\Bz—tl Lt L : (1.5)
n n n on
b b, b D

u w u w
here, the vectors e;,e,,e,, and e, are coordinate directions, and the frame vectors are as

T =(t,t,,t,),N =(n,n,,n,),B=(b,b,,b,) in E/, and also the third curvature function o
which measures the curve deviation from the subspace {T, N, B} is defined as

UJE. U4B
o=pu(-B—)=u(E—-).
ds ds

Definition 1.1. Let X = X(s) be a space-like curve with unit speed, The Frenet formulas of
X = X (s) for any parameter s e | are defined as

A Note on Special Curves in E14 25
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E o8, (1.6)

or its matrix form is as follows

—lII'— — W -
T 0 ~ 0 of|T
N’ 0 ¢ of|N
—K T
U |= Ju |, a.7)
B' 0 - 0 of|B
u u
_E'_ 0 O O 0 _E_

where T , and B are space-like vectors and E timelike vector of the curve X = X(s), and
also «,z, and o are, respectively, the first, second, and third curvature functions of the curve
X =X(s).

Theorem 1.1. Let X = X (s) be an arbitrary parameterized space-like curve of class C° in
E/, we have

oo PRREEE g

)Eg’ HH%N @d@%ﬁﬂ AN, and E:,ﬁ‘—m, (1.8)
E

A <j?§‘>%x@N AT ()
L LR

where - shows the derivative respect to the variable t.

"
T=

(1.9)

=
>
8

Also, it is known that the curve X = X (s)is a regular curve if

M 0, (1.10)

Definition 1.2. Let us consider the space-like curve X = X (s). If we transport the tangent,
principal normal, and the binormal vector fields to the center O of the unit hypersphere S?,

and the trinormal vector field to the center O of the unit hypersphere H,*, then we obtain
spherical indicatrices of the curve X = X(s)[7].

Theorem 1.2. [1] Let a = a(s) be a regular curve with curvatures x#0,7 0,00 in E;.
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The curve « is an inclined curve if and only if
H} —H? = const., (1.12)

where H, and H, are the harmonic curvatures defined

H1=E and H2:i
T o

_ (1.12)

Theorem 1.3. Let o= ax(s) beacurvein E’, a = a(s) is an inclined curve if and only if

K
— =const. forall sel.
T

2. MAIN RESULTS

Theorem 2.1. Let X = X(s) be space-like curve with time-like trinormal vector in L*. The

curve X = X(s)in an inclined curve if and only if

X — Ach UGdSJ + BShUGdSJ :
4 0 0
where 7 # 0,0 # 0; A B constant.
Proof. (=): Let the space-like curve X = X(s) be helix. In this case, from Theorem 1.2,
H/ —HZ =constant. (2.1)
Differentiating (2.1) with respect to variable s we obtain
H,H, —H,H, =0, (2.2)
Similarly, differentiating deriving of
H,

H,=—, (2.3)

(o)

we obtain
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H, :[lj R (2.4)

O o

If we use (2.2), (2.3), and (2.4) we obtain

oH,H,—H, [(éj H, +§ Hl'} =0

or

H{aHl_&] H1'+§Hl'}=0,

where H, =0 and o #0. Because if o =0and H, =0, then we get H, =0and

H,= £ _ const. From Theorem 1.3, this shows that the curve is an inclined curve in L*, thus
T

the second-order homogeneous equation with variable coefficient is obtained as follows

—i.Hl"—l.(lJ H,'+H, =0. (2.5)

0'2 O \O

If the transformation t = Iods is applied to H,',H,", we obtain
0

_dH, _dH, dt_

1= —=oH
ds dt ds

11

H; =

2 2 2 2
S (S O o,
ds dt ds dt ds

where indicates the derivative with respect to variable t. Substituting these equations into
(2.5) we find

-H, —%.Hl +% H, + H, =0 therefore we obtain the following differential equation of
(o} (o}

constant coefficient
—M H, =0, (2.6)

From solution of (2.6) we get H, =ce' +c,e™ or H, =c,(cosht+sinht)+c,(cosht—sinht),

if wesay ¢, +c,=A c,—c, =B we obtain H, = Acosht+ Bsinhtor
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X _ Acosh (J.o-dsj+ Bsinh Uo-ds]

T 0 0

(<) :Let’s assume that

K- Acosh( | adsj+ Bsinh( | adsJ, 2.7)
T 0 0

differentiating (2.7) with respect to variable s we get

oSt

ldifz AcoshUadsj+ Bsinh[jodsj, (28)
0 0

similarly, differentiating (2.8) with respect to variable s gives

d|:1dK‘
odsrt

o ———} = Acosh (IUde-f- Bsinh Uadsj or H, =coH, and here we obtain
0 0
H, -oH, =0, (2.9)
multiplying both side of the expression (2.9) with H, = 1 H,, we obtain
O

H,H, —H,H, =0, (2.10)
taking the integral of both sides of (2.10), we get

H7 —HZ =const., which indicates that the curve is an inclined curve in L* from Theorem 1.2.
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Theorem 2.2. Let X : 1 — L* be an arc length parametrized space-like curve from class C*

such that > 0,0 >0 and o =const. Then position vector X = X(s) of the curve satisfies

following a vectoral differential equation of 5" order
K—S.)E‘V)+ & IJ{EJ'E_E—GZ )E(’V)
T T t)k K" K
" ' ' N 2\ " ' "2 2 2.0
(2 L3 (2) o &) Z)- 53] e i B TE
T K T K K KT K T T KT T K KT
k(1) (xx? K’ ) () (o%) 1\ « o |!I.
—5| =+ +2 —— |+ = |+ — | - — | +tx| = | +————K|X
K T T KT T K K T T T
. ' " A 2N | I
[ ()2
T T T T

1 1 1 1
where T, N, B space-like vectors, E time-like vector, o constant.

Proof. Suppose "r N B are space-like vectors, E is time-like vector for space-like curve

X =X(s) in L* from (1.6), and (1.6), we obtain

roT

N=T 2.11)
K

r1 r r,

B==(«<T +N) (2.12)
T

Substituting (2.11) in (1.6),we get

r I r

B=——T +0E (2.13)

K

differentiating (2.11) and substituting it into (2.12) we find

r o
é_z(Kh[T_]J .10
T K
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taking the integral of both sides of (1.6), we get
IIE = Iall3ds

and substituting (2.14) into (2.15) we obtain

-

r o
] :
! T +(T—] }ds
K
and substituting (2.16) into (2.13) we find
r r 1| -|'-
B=-IT +azj{ﬂ +[—Hds
K T K
similarly differentiating (2.14) and using (2.17) we obtain
[ fe s
8 [#m}
T K
r (1)
[ T +(—J ]dSO.
K

Differentiating (2.18) and substituting

o

T

AR r .
1{(1["‘1(—1['1()1(2 o (T;_T " ) s e &

+_

1

T

+ 'I['—GZI

r
K

W or@ r @ r oWy I Wy I _ _ _
X=T,X=T X=T"X "=T"X "=T" into this expression we obtain
o, ([ '+(1).l_2_’f_‘7_2 X @)
T T t) Kk K Kkt
1) 1 (1)(1) K ojllrullrclcz K Kk T
H ==+ = = -2 = |- — |- = |- +2 ot —t——
T K T K K KT K T T KT T K
K(ljl K(l]" (K'"K‘ZJ K'Zj [K‘) (r} (O‘ZK‘IJI (1j
H-=|=-—|—-|* 2| =5 |+ — |+ — |- — | tK| =
K T K T T KT T K K T
SN " R Ty
+ K'[l] +K(lj +[£j —[G Kj X =0.
T T T T

i O,
R

&
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Wi .
N —y

(2.15)

(2.16)

(2.17)

(2.18)

. 4
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Denoting these coefficients of the vectoral differential equation by
P(s),Q(s), R(s), K(s), L(s).
Respectively, then we can rewrite this last equation as
PE)X Y +Q(s)X™ +R()X +K ()X +L(8)X =0, (2.19)
where
K,3
P(s)=—,
T
K 1Y 1 2« o°
Q(s){— (3222
T T K 7K KT

52 AR ) )52
o225

x is the first curvature, = the second curvature, o the third curvature and constant.

The equation (2.19) has a solution by Chebyshev-Matrix Method [2]. If ,
P(s),Q(s), R(s), K(s) and L(s) are one-variable functions, then these functions satisfy the

following conditions:

i) They must be satisfied by 5th order differential equation .
i) They must be formed into Taylor series.

If x=0,7z=0 in ordinary differential equation (2.19), they can be formed Maclaurin
series.

In this situation, the equation (2.19) is transformed to a matrix form with Chebyshev-
Matrix Method. Thus, solution of the equation (2.19) can be obtained with an analytic or
approximate method.
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Theorem 2.3. Let X = X (s) be arc length parametrized space-like curve with time-like

trinormal vector from class C* in L* such that x>0,z >0, > 0. Then tangent vector T of

X = X(s) satisfies following a vectoral differential equation of 4" order

T
—+2
K

K

) (2)
=)5)-2)

T

foul (5]
(%) 2

1

)
o

T K

KO

L

T

r.
E}T +
G -

K

T

In

sy

1

K

T

1 o

=-Z 1

o

)

r

K

K

|

It

r

T

K

T

I

o

K

|

Proof. Suppose 'I" N B are space-like vectors and E is a time-like vector, taking the

o

K

2
'E_EJT:O

derivative of Frenet formulas (1.6) with respect to arc length parametrized s, of tangent

indicatrix, we obtain

1, 1
T =N,
r r r
N =-T+1B,
K
r, r I
B=-2N+ZE
K K
I, r
E =28,
K

From (2.20), and (2.20); we get

——

r r,
B=S(N'-T),

SR

M=

2=
Q=

w_—1

Q |~

And substituting (2.21) into (2.20)4 we get

rh of
E=2

T-N)
T

Differentiating (2.21) and using (2.20); we have

E TN+ T =Ny =IN-ZE
T T K K

(2.20)

(2.21)

(2.22)

(2.23)

(2.24)

taking the first derivative of (2.21) and substituting (2.20);, (2.21), (2.22) and (2.23) in this

. 4
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expression we obtain,

r " ' ' r. ' ' 2 r.

T {[fj 1+2{|n 5} +(fj .E}T +Hln 5} (3] .1—“——1}

o)y T K) o T K) o Kk
_ o, . . . .
() 22 22wl }T 225)
K KO K K K ) O T

- ) . . F
ORI IRER S

T K T K O K
Theorem 2.4. Suppose X = X(s),Y =Y (s) are space-like curves with time-like trinormal
vector in L* and let the first curvature of X = X (s) be constant. If trinormal indicatrix of

X = X (s) is tangent indicatrix of Y =Y (s), then the third curvature of Y =Y (s) is constant.

Proof. Let’s calculate Frenet formulas of curve Y =Y (s). Let 'II'X, N B IIE Ky, Ty, Oy, and

X7 XY XX

T,,N,,B,,E, x,,7,,0, be Frenet elements of curve X = X(s) and Y =Y (s), respectively.

Suppose s, be arc length parametrized of Y =Y (s). Then, we can write
Y =[E(9)ds, (2.26)

differentiating both sides of (2.26) with respect to s, we have

dY _dy ds, I

ds ds, ds *

Since

r
LT, (2.27)

(2.28)
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and using this expression, we obtain

1 ! ds

T,=E.and —2X=1, (2.29)
ds

taking the derivatives of both side of (2.29) with respect to s, we get Zy.Ny = UX.IIBX and here

we obtain N = IEIBX and y, =o,, taking the derivative of both sides of expression N, =B

with respect to s we obtain

7, =7, and B, =—N,. (2.30)

E, =-T,, (2.31)

o B, =k N.. (2.32)

o, =K,. (2.33)
ince x, is constant, o is also found as constant by using (2.33) .

Theorem 2.5. Let tangents, principal normals, binormals and trinormals indicatrices of space-

like curve X be X, X,, X;, X,, respectively. If spherical indicatrices of

XL

s— X(s)
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satisfy following conditions, then they are regular curve

i) The curve X, isregular < x =0
i) Thecurve X, isregular <>x?—72 £0 (k% 0,7 #0)
iii)  Thecurve X,isregular < [|c*~0°| #0 (r%0,00)
Iv) The curve X, isregular <o #0

Proof. From (1.10)

i) Since,

the curve X, is regular @“% =x#0
S

i) Similarly, since

r r r
X,=N= ds(z =—«T +1B,
S

the curve X, is regular QHdc:(Z =x/;<2+r2 (x#0,720)
S
iii) Also, since
r r r
X3:B:>%=—TN+O'E,

ds
. dX3 2 2
the curve X, is regular &= 2= c*~0”| (r 20,0 %0)
s

Iv) Finally, since
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d

(;(2 = o # 0. with time-like trinormal vector.
S

The curve X, is regular <:>H
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KAOTIK ATESBOCEGI OPTIMiZASYON ALGORITMASI
KULLANILARAK TERMIK GUC SANTRALLERI ETKIiSINDEKI
EKONOMIK YUK DAGITIM PROBLEMLERININ COZUMU

Nihat PAMUK
TEIAS 5. Iletim Tesis ve Isletme Grup Miidiirliigii, Test Grup Basmiihendisligi, Sakarya, 54100

Ozet

Atesbocegi optimizasyon algoritmasi bir¢ok bilimsel ve miihendislik alaninda kullanilmig
etkili bir hesaplama algoritmasidir. Bu calismada, termik gii¢ santralleri etkisindeki ekonomik
yik dagitim problemleri kaos teorisine dayali “Kaotik Atesbocegi Optimizasyon Algoritmasi”
(KAOA) ile ¢oziillmistir. Agirlikli toplam metodu kullanilarak ¢ok amacgli optimizasyon
problemi olarak tanimlanan termik gii¢ santralleri etkisindeki ekonomik yiik dagitim problemleri,
tek amagli optimizasyon problemlerine gevrilmistir. Kayip matrisi, problemin ¢oziimii igin
gerekli olan enerji iletim hatlarindaki hat kayiplarint hesaplamak i¢in kullanilmistir. Elektriksel
siirlamalar dikkate alinarak, toplam yakit maliyeti minimize edilmistir. Ekonomik yiik dagitim
problemleri IEEE-57 barali 7 jeneratorlii 6rnek bir gii¢ sistemi igin iletim kayiplari ihmal
edilmeden KAOA kullanilarak ¢oziilmiistiir. Bu problemler igin en iyi ¢oziim degerleri elde
edilmeye calisgtlmistir. Elde edilen bu degerler, literatiirdeki diger yaklasimlar ile

karsilastirildiginda daha 1y1 sonuglar elde edildigi goriilmiistiir.
Anahtar Kelimeler: Kaotik Atesbocegi Optimizasyon Algoritmasi (KAOA), Hat

Kayiplari, Termik Gii¢ Santralleri, Kaos, Agirlikli Toplam Metot, Ekonomik Yiik Dagitim
Problemleri.
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SOLUTION OF ECONOMIC LOAD DISTRIBUTION PROBLEMS IN THE EFFECT OF
THERMAL POWER PLANTS USING CHAOTIC FIREFLY OPTIMIZATION
ALGORITHM

Abstract

The firefly optimization algorithm is a computationally efficient optimization algorithm
which has been used in many science and engineering applications. In this study, economic load
distribution problems in the effect of thermal power plants were solved by "Chaotic Firefly
Optimization Algorithm" (CFOA) based on chaos theory. An economic load distribution problem
in the effect of thermal power plants that is a multi-mission optimization issue has been
transformed into a single mission optimization issue using the weighted sum method. Loss matrix
has been used for the computation of the energy transmission line losses in the solution of the
economic load distribution problem. Total fuel cost has been minimized under electrical
contingency conditions. Economic load dispatch problems are solved by using CFOA method for
IEEE 57 buses with 7 generators sample power system with including transmission losses. It is
tried to get optimum solutions for these problems. When obtained values are compared with the
other approaches in the literature, it is seen that the obtained results are better than them.

Keywords: Chaotic Firefly Optimization Algorithm (CFOA), Transmission Losses,

Thermal Power Plants, Chaos, Weighted Sum Method, Economic Load Distribution Problems.

Sorumlu Yazar: Nihat PAMUK, e-posta: nihatpamuk@gmail.com
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1 GIRIS

Gii¢ sisteminin isletilmesindeki en onemli konulardan birisi ekonomik yiik dagitim
problemlerinin ¢oztiimidiir. Elektrik tiretiminde kullanilan yakit fiyatinin tiretim maliyetleri
tizerinde 6nemli bir miktara ulagsmasi sonucunda, iiretim santralleri enerji kaynagi olan yakiti
daha verimli kullanmaya yonelmistir. Boylece elektrik iiretim sistemlerinin ekonomik olarak
isletilmesi giindeme gelmistir. Ekonomik yiik dagitim problemleri, sistemde var olan yiikiin
iiretim birimleri tarafindan belirlenen kisitlar igerisinde minimum maliyette olacak sekilde ¢ikis
gliclerinin ayarlanmasi olarak tanimlanir [1-2]. Yiik dagitim problemleri optimal gii¢ akisi
verilerini igerecek sekilde gelecek zamanli yiik tahmin metotlar1 kullanilarak ¢oziimlenirse, daha
biiyiik ve daha karmasik bir yapiya sahip olacaktir [3-4].

Enerji iretim sistemleri biiyiidilkge ekonomik yiik dagitim problemlerinin ¢ozimi
karmagik bir hal almaktadir. Komiir, petrol ve dogal gaz gibi fosil kaynakli yakitlar1 kullanan
iretim birimleri atmosfere parcacik ve gazlardan olusan nitrojen oksit NOy, siilfiir dioksit SO, ve
karbondioksit CO; atiklarin ortaya ¢ikmasina neden olup ¢evresel kirlilige neden olmakla birlikte
kiiresel 1sinmaya da yol agmaktadir [5-6]. Cevresel etkilerde g6z Oniinde bulunduruldugunda,
ekonomik dagitim problemi emisyon etkilerinin de dahil edildigi ¢ok amaclh bir optimizasyon
problemine doniismektedir. Bu problem agirlikli toplam metodu [7] kullanilarak hem ekonomik
yiik dagitiminin hem de emisyon degerinin belirlenebilecegi tek amagli optimizasyon problemine
dontistiiriiliir. Literatiir taramasi gore birden fazla amaca sahip olan optimizasyon problemleri iki
farkli sekilde ¢6ziime kavusturulur. Bunlardan ilki ¢cok amacli optimizasyon problemlerini ¢6zen
yontemlerin direkt olarak kullanilmasiyla gerceklestirilir. Bir diger yontem ise ¢ok amach
optimizasyon problemlerinde indirgeme yaparak problemi tek amagh optimizasyon problemine
dontistiiriip ¢oziim yonteminin uygulanmasi bi¢imindedir.

Ekonomik yiik dagitim problemlerini ¢dzmek i¢in dogadan ve birgok meta-sezgisel
algoritmalardan gelistirilen farkli iki hibrit optimizasyon algoritmalariyla [8-9], degisken sayisina
ve veri tiplerine bagli olarak problemlerin deterministik yontemlerle ¢oziimiinli gerceklestiren
diferansiyel gelisim algoritmasiyla [10], veya genetik algoritmaya dayanan popiilasyon temelli

sezgisel ¢oziim saglayan gelistirilmis diferansiyel gelisim algoritmalartyla [11], kus veya balik
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stiriilerinin davraniglarini taklit ederek ¢oziime ulasan pargacik siirii optimizasyonu algoritmasiyla
[12], arilarin besin arama davraniglarindan esinlenerek gelistirilen yapay ar1 koloni optimizasyon
algoritmastyla [13], ¢O6ziim uzayr hakkinda varsayimlar yaparak daha uygun yeni bir nesil
olusturan evrimsel programlama algoritmasiyla [14], evrimsel programlama algoritmasiyla elde
edilen sonuglari1 genetik arama (yeniden yapilanma ve mutasyon) yontemiyle daha gii¢lii bireyler
olusturarak ¢6zen gelistirilmis evrimsel programlama algoritmalariyla [15], degerlendirme
fonksiyonu tarafindan kullanilan her iterasyondaki en yiiksek degerlendirme degerine sahip
hareketin ¢6ziim uzayini olusturmasi amaciyla segilmesine dayanan tabu arama ve gelistirilmis
tabu arama algoritmalariyla [16-17], insan viicudunun hastaliklara kars1 savunma mekanizmasini
olusturan ve viicudun zararli maddelere karsi savagsmasindan esinlenerek gelistirilen yapay
bagisiklik sistemi algoritmasiyla [18], grup yasam teorisi ve canlilarin besin arama
davraniglarindan esinlenerek ortaya ¢ikan gelistirilmis grup arama optimizasyon algoritmasiyla
[19], ve Escherichia-Coli bakterilerinin yagam dongiisii modelinin taklit edilmesiyle ¢oziime
ulasan bakteri yem arama optimizasyon algoritmasiyla [20] ¢6ziilmiistiir. Bu ¢alismada, baslangig
durumuna ve sistem parametrelerine karsi olduk¢a duyarli determinist bir sistem olan kaos teorisi
[27] tanimlanarak, ekonomik yiik dagitim problemlerinin ¢6ziimiinde “Kaotik Atesbocegi

Optimizasyon Algoritmas1” (KAOA) uygulanmigstir.

2  EKONOMIK YUK DAGITIM PROBLEMLERININ MATEMATIKSEL OLARAK
FORMULE EDILMESI

Cevresel ekonomik yiik dagitim problemleri ekonomik yiik dagitim problemlerine emisyon
parametreleri eklenerek formiile edilir. Ekonomik yiik dagitim problemlerine ait amag fonksiyonu

esitlik 1’de verilmistir.
F(Pe) =D (a Pg+biPy+c), (8/h) (1)
i1
Esitlik 1°de;
F(Pg): sistemdeki gii¢ liretiminin toplam yakit maliyetini,

($/h), aj, by, ¢i: i. jeneratoriin yakit maliyet katsayilarini,
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Pgi: 1. jeneratoriin iirettigi giic miktarini,

n: toplam jenerator sayisini gostermektedir.

Ekonomik yiik dagitim problemlerinde talep edilen yiikkii minimum maliyet ile
karsilayabilmek i¢in farkli birimlerin tiretecegi aktif glic miktarlarina ihtiyag duyulmaktadir.
Cevresel olmayan ekonomik yiik dagitim problemlerinde emisyon maliyeti dikkate alinmaz. Fosil
kaynakli termal jenerator birimlerinin neden olacagi emisyon miktari, bu birim tarafindan tiretilen
giic miktarina baglidir. Emisyon miktari, jeneratoriin aktif cikis giicline bagli olarak ikinci

dereceden bir denklem ile ifade edilmektedir. Emisyon miktarinin degeri esitlik 2 ile hesaplanir

[6-7].

E(P;) =D (dPi+e P+ ), (ka/h) (2)
i=1
Esitlik 2°de;

E(Pg): toplam emisyon miktarini,

(kg / h), di, &, fi: i. jeneratoriin emisyon katsayilarini gostermektedir.

Ekonomik yiik dagitim problemi yakit maliyeti ve emisyon miktart kullanilarak tek
optimizasyon problemine doniistiirmektedir. Esitlik 3’de elektriksel sistemin toplam isletim

maliyet fonksiyonu verilmistir.
T=w*FP;)+wW,*h*E(P;) (3)
Esitlik 3°de;

T: sistemin toplam isletim maliyetini,

Wy, Wy: agirlik faktorlerini,

h: fiyat ceza faktoriinii gostermektedir.

Ekonomik yiik dagitim problemleri asagidaki sekilde ifade edilmektedir [7].
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e Salt ekonomik yiik dagitim problemleri i¢in; w1 = 1 ve wp = 0°dur.
e Salt ve ¢evresel ekonomik yiik dagitim problemleri igin; wi = 0 ve w, = 1°dir.

e (evresel ekonomik ylik dagitim problemleri igin; wy = 1 ve w, = 1°dir.

Fiyat ceza faktoriiniin degerini hesaplayabilmek i¢in, her bir jeneratoriin maksimum gii¢

degerindeki ortalama maliyet degeri esitlik 4 ile hesaplanir.

|: a. P. +b P,
( |maks) _ %0 maks T M |maks ’ ($/ MWh) (4)

(Pi ,maks ) (P| ,maks )

Her bir jeneratoriin maksimum gii¢ degerindeki ortalama emisyon degeri esitlik 5 ile

hesaplanir.

( i, maks) dl i maks+ el PI maks

+f
,  (kg/ MWh 5
(Pi,maks) (Pi,maks) ( g ) ( )

Fiyat ceza faktoriinlin degeri her bir jeneratdriin ortalama maliyetinin ortalama emisyon
miktarina boliinmesi ile bulunur. Her bir jeneratore ait fiyat ceza faktoriiniin degeri esitlik 6 ile

hesaplanir.

F ( i maks) /( |maks) al PI maks+b| PI maks
E; ( |maks)/( |maks) dl i maks+e| PI maks+ fi

. ($/kg) (6)

Esitlik 6 yeniden diizenlenirse esitlik 7 elde edilir.

( |maks)/( |maks) —h
( |maks)/( |maks) .

=1, N...$/ kg (7)

Her bir jeneratore ait h; degeri (fiyat ceza faktorii) artan bir sekilde siralanir. Esitlik 8’de

Kaotik Atesbdcegi Optimizasyon Algoritmasi Kullanilarak Termik Giig Santralleri Etkisindeki Ekonomik Yiik Dagitim Problemlerinin C6ziimii 43



Pamuk / Kirklareli University Journal of Engineering and Science 2 (2016) 38-59 -

gosterildigi gibi en kiigiik h; degerinden baslanarak jeneratorlerin maksimum gii¢ degerlerinin
toplamu talep edilen yiike esit veya talep edilen yiikten biiyiik olana kadar toplama islemine

devam edilir.

F)i ,maks 2 I:)D (8)

Toplama islemine dahil edilen en son birimin h; degeri, yeni fiyat ceza faktorii olarak (h)
kabul edilir. Esitlik 3°de w; = w, = 1 kabul edilerek ve yeni hesaplanan h degeri kullanilarak,

gevresel ekonomik yiik dagitim formiilii elde edilmektedir.

3  KAOTIK ATESBOCEGI OPTIMiZASYON ALGORITMASI
3.1 Atesbocegi Optimizasyon Algoritmasi

Atesbocekleri tropikal ve iliman bolgelerde yaymis olduklari 151k huzmeleri sayesinde
muhtesem bir manzara olugmasina neden olmakta ve dogada yaklasik 2000 farkli tiirt
bulunmaktadir [21]. Atesboceklerinin yaymis oldugu 11k kaynagi iki ana fonksiyona sahiptir. Bu
fonksiyonlar avlarini cezp ederek yakalayabilme durumu ve eslerine kur yaparak ciftlesebilme
durumudur [23]. Atesbocekleri viicut yiizeyinde bulunan fotojenik hiicreler sayesinde 1s1k
tiretebilmektedirler [22]. Atesbdocegi optimizasyon algoritmasi 2008 yilinda Xin-She Yang [24]
tarafindan atesboceklerinin parlaklik ve hareket yonlerini dikkate alarak tasarlanmis bir algoritma
cesididir. Atesbocegi optimizasyon algoritmasi ti¢ farkli ilkeye dayali olarak caligmaktadir. Bu
ilkeler asagida 6zetlenmistir [25]:

e Atesbocekleri unisex olarak kabul edilmekte ve cinsiyet ayrimi yapilmaksizin birbirini
etkilemektedir.

e Atesboceginin etkinlik degeri parlaklik derecesine bagli olarak belirlenmektedir.
Atesboceginin cekicilik degeri ise etkinlik degerine bagli oldugundan, en parlak olan
atesbocegi diger atesboceklerini kendisine dogru ¢ekmektedir. Eger ¢evresinde,

kendisinden daha parlak bir atesbocegi yoksa rastgele bir sekilde hareket etmektedir.
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e Parlakligi diisiik olan atesbocekleri, parlakligi daha yiliksek olan atesbdceklerine dogru
hareket etmektedir. Atesboceginin etkinlik faktorii ve parlakligi, ekonomik yiik dagitim

problemlerinin amag fonksiyonuna ve tiiriine gore belirlenmektedir.

Ates bocegi algoritmasinin baslangic asamasinda tiim atesbocekleri rastgele bir sekilde

(13 2

arama uzaymda bulunmaktadir. Ama¢ fonksiyonuna gore “m” tane atesbOcegi siiriisii
kullanilmaktadir. Her bir “i” atesbOcegine ait “x;” ¢Oziimiiniin uygunluk degeri tespit
edilmektedir. Tespit edilen uygunluk degerleri ¢oziim uzayinin maliyetini (en iyiye olan

uzakligini) belirtmektedir. Tespit edilen optimizasyon fonksiyonu esitlik 9°da gosterilmistir.

fx") = min,.f() ©)

13 2

Tiim atesbdcekleri i¢cin “x;” problem boyutu kadar bireye sahiptir ve rastgele degerlerle
olusturulmaktadir. Her bir birey ¢éziimiin olusturdugu deger “x;” problemini minimize edecek
bigimde siralanmaktadir. Amag¢ fonksiyonuna uygulanan her bir atesboceginin ¢oziimii ilgili
atesboceginin parlakligini / 151k yogunlugunu (I) ifade etmektedir [24]. Isik yogunlugu
fonksiyonu esitlik 10°da gosterilmistir.

I=1.e7"" (10)

Esitlik 10°da [24];

lo: Baslangig 151k yogunlugunu,
v: Isik sogurma katsayisini,
t: Iki atesbdcegi arasindaki uzaklig1 gostermektedir.

Atesboceginin ¢ekiciligi parlakliga ve uzakliga bagli olarak degismektedir. Her bir
atesbocegine ait farkli bir gekicilik degeri bulunmaktadir [21]. Cekicilik degeri “B” ile gosterilir.
Atesboceklerinin parlaklik degerleri birbirleri ile kiyaslanarak atesbocekleri arasinda etkilenme
olup olmadig tespit edilir. Parlakliginin daha diisiik oldugu atesbdceginin konum durumu, “x;”
¢Ozlimiiniin etkilenen konumda oldugunu gostermektedir. Atesboceginin ¢ekiciligini tespit etmek

amaciyla iistel bir amag fonksiyonunun kullanilmasi gerekir [26].
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fi.j ZHXi —X,-H=\/Zi:1(xi,k—xj,k)2 (11)
p=pe (12)

Esitlik 11°deki Bo parametresi iki atesbocegi arasindaki uzakligi gostermekte ve rij = O
olmas1 durumundaki ¢ekicilik parametresidir. Atesboceklerinin gekicilik degeri (0-1) arasinda bir
deger almaktadir [21]. Isigin sogurma katsayisi sifir ile sonsuz arasinda degismektedir. Sogurma
katsayisinin sifir olmasi sabit bir ¢ekicilik derecesine, sonsuz olmasi ise ¢ekicilik derecesinin
olmamasina (sifir olmas1) karsilik gelir. Optimizasyon islemi yapildiktan sonra arama uzayindaki
y parametresinin degeri esitlik 13 ve esitlik 14 formiilii ile bulunur. S6z konusu esitliklerdeki yo

parametresi sifir ile bir arasinda degisen sabit bir degerdir.

y=-1t (13)

y=-1t (14)
rmax

hax = Maxd(X;, X;), VX, X; €S (15)

B ifadesindeki degere bagl olarak az cekici olan “i.” atesbdcegi kendisinden daha ¢ekici
olan “.” atesbocegine dogru hareket eder. Yapilan bu hareket esitlik 16 ve esitlik 17 ile
gosterilmistir [26].

Xi =@=B)- X+ B.X  + Uy (16)

_yr2
( yr'J)(xj—xi)Jragi‘ (17)

Xt =x+p,e

Esitlik 17°de;
Xi: 1. ategsboceginin aday ¢oziimiinii,
Xj: J. ategsboceginin aday ¢ozlimiinii,

&i: gauss dagilimini gostermektedir.
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W

Esitlik 18 ¢ gore en parlak olan atesbocegi arama uzayinda rastgele bir sekilde hareketine

devam edecektir.

(18)
uimax’k =q.(rand1- %)

AtesbOcegi optimizasyon algoritmasina ait akig semasi sekil 1°de gosterilmistir.

o

h 4

Parametreleri belirle ve baslangig popiilasvonunu olugtur

k4

Her bir ateghicedi ooziimiil igin maliyeti hesapla

A

Y

Her bir atesbicegl icin ¢iziimiin malivetini difer tiim atesbicegi giziimleri ile karsilasir

4

h 4

e e e s e b [ it | el

Hiavir

w

Atesbiiceginin konumunu
daha iyi maliyete sahip olan
ateshicegine gire giineelle

Hayir | Tiim atesbéceklerinin konum |
giincellemesi tamamland: m? [

Evet

Y

En iyi maliyete sahip atesbiceginin konumunu rastsal olarak giincelle

¥

Sonlandirma kriteri saglands ma?

Hayir

Evet

¥
Son

Sekil 1: Atesbdcegi optimizasyon algoritmasi akis semasi
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3.2 Kaotik Atesbocegi Optimizasyon Algoritmasi

Kaos, son yillarda ortaya konulan sistem parametrelerine kars1 olduk¢a hassas, giiclii rastsal
bir arama optimizasyon algoritmasidir. Kaos teorisi giinlik yasamda rastgelelilik ve tahmin
edilemezlik olarak diisiiniilse de bu goriisiin aksine olaylar belirli bir diizen igerisinde
gerceklesmektedir. Kaos teorisi bilimin bir¢ok dalinda meta sezgisel yontemlerin degisik
kisimlarinda basari ile uygulanmistir. Bu ¢alismada kaos teorisi, her iterasyon sonunda en iyi 151k
yayan atesbocegine uygulanmistir. Teori sonucunda elde edilen en iyi atesbdceklerinin degisken
degerleri (0-1) arasinda ayarlanir. Kaos teorisinde atesboceklerinin degisken degerleri ile bir
onceki atesboceginin degisken degerleri arasindaki baginti esitlik 19 ile bulunur. Bu islem

hedeflenen kaotik atesbocegi birey sayisina ulasincaya kadar devam etmektedir.

X =4Xn(1_xn) (19)

Kaos teorisinden elde edilen atesboceklerinin degisken degerleri modellemesi yapilan
sistem degerlerine g¢evrildikten sonra atesboceklerinin yeni uygunluk degerleri hesaplanir ve
atesbocegi popiilasyonuna eklenir. En uygun ¢oziimii veren atesbocekleri bir sonraki dongiiye
konum giincellemesinden sonra aktarilmaktadir. Sekil 2’de kaotik atesbOocegi optimizasyon

algoritmasinin akis semasi gosterilmistir.
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G

Y

Sistem verilerini gir ve kaotik atesbiicegi optimizasyon algoritmasimn parametrelerini belirle

¥
Atesbiiceklerini esitlik 18 bafintisi ile 151k kaynaklarina ginder

| Iterasyona basla, ite = 1

Atesbhiiceklerinin etkilenme parametrelerini esitlik 11 bagints ile rastgele bir sekilde belirle

F 3

h
Ateshocekleri igin esitlik 17 baginns: ile ik kavnaf aramasi yap

k4

Yeni ateghiiceginin uygunluk degerini hesapla, eger bulunan yeni deger orijinal
degerden diisiik ise Baz deger = 0, dedil ise Baz deger = Baz deger + 1

h 4
| Baz degier > Limit deger |
Hayir
Evet

h

Esitlik 18 bagintisi ile veni atesbicekleri diret

¥
Tiim ategbiicekleri icerisindeki uygunluk degeri en iyi olan
ateshicegine esitlik 19 bagintisindaki kaos sistemini uygula

-

ey
k4

Tiim atesbiiceklerini uyounluk dederlerine pire kiigiikten biiviige dodru sirala ve
uygunluk degeri biiyiik olan atesbiiceklerini sonraki popiilasyona atesbicegi olarak aktar

¥ Hayr
ite = iteuu II :
Evet

b 4
Son

Sekil 2: Kaotik atesbocegi optimizasyon algoritmasi akis semasi
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Termik gii¢ santralleri etkisindeki ekonomik yiik dagitim problemlerinde uygulanan kaotik
atesbocegi optimizasyon algoritmasinin iglem basamaklari agagida gosterilmistir.
1. Adim: Sistem verilerini ve kaotik atesbocegi optimizasyon algoritmasinin degerlerini gir.
2. Adim: Esitlik 18 bagintisi ile ategsboceklerini 151k kaynaklarina gonder.
3. Adim: Iterasyona basla, ite=1.
4. Adim: Esitlik 11 bagintist ile atesboceklerinin etkilenme parametrelerini rastgele bir sekilde
belirle.
5. Adim: Esitlik 17 bagintist ile atesbdcekleri i¢in 151k kaynagi aramasi yap.
6. Adim: Yeni atesboceginin 151k kaynagina gore olan uygunluk degeri, diger atesbdceklerinin
151k kaynagma gore olan uygunluk degerlerinden iyi ise (Baz deger = 0) yeni atesbdceginin
konumunu giincelle. (Daha iyi degil ise, Baz deger = Baz deger + 1)
7. Adim: Baz deger limit degerden biiyiik ise 8. Adima, degil ise 9. Adima git.
8. Adim: Elde edilen baz deger smnir degerden biiyiik ise, esitlik 18 bagintis1 yardimiyla yeni
atesbocekleri tiret.
9. Adim: Atesbocegi popiilasyonundaki en iyi uygunluk degerine sahip bireye esitlik 19
bagintisina gore kaos teorisini uygula.
10. Adim: Bir sonraki iterasyon igin gerekli olan atesboceklerini uygunluk degerlerine gore
belirle.
11. Adim: ite = ite + 1,
12. Adim: Sonlandirma Kriteri saglanmis ise algoritmayi durdur, aksi takdirde 4. Adima git.

4  BENZETIM CALISMALARI

Sekil 3’de IEEE 7 jeneratorlii 57 barali test sisteminin tek hat semasi gosterilmistir.
Sistemin Pg3=1263 MW degeri i¢in KAOA ¢6ziimii uygulanmustir. Yapilan ¢alismada 6lgekleme
faktorii y = 500, 151k kaynagi sayis1 (gorevli atesbocegi sayisi) (M) 25, parametre sayist (N) 15,
Wfnax = 0.9, Winin = 0.4, sinir limit degeri (¢oziim gelistirememe durum degeri) 20, Toplampg =

1x10° MW ve iterasyon sayist 100 olarak alinmustir.
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Sekil 3: IEEE 57 baral1 7 jeneratorlii test sistemine ait tek hat semasi

Problemde kullanilan iiretim birimlerine ait yakit maliyet fonksiyonu katsayilari, emisyon
katsayilar1 ve aktif gii¢ iiretim sinir degerleri tablo 1°de gdsterilmistir.

Tablo 1. Uretim Birimlerinin Maliyet Fonksiyonu Emisyon Katsayilar1 ve Aktif Gii¢ Uretim

Sinirlart
Parametre G, G, Gs Gy Gs Gsg Gy
a 100 120 40 60 40 100 90
b 200 150 180 100 180 150 150
c 10 10 20 10 20 10 20
d 4.091 2.543 4.258 5.326 4.258 6.131 4.965
e -5.554 -6.047 -5.094 | -3.550 -5.094 -5.555 | -5.546
f 6.490 5.638 4.586 3.380 4.586 5.151 5.346
g 2.0E-4 50E-4 | 10E-6 | 20E-3 | 1.0E-6 | 1.0E-5 | 2.0E-3
h 2.857 3.333 8.003 2.086 8.065 6.667 3.659
Pc™" 0.05 0.05 0.05 0.05 0.05 0.05 0.05
P 0.5 0.6 1.0 1.2 1.0 0.6 1.2
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KAOA’nin ¢evresel ekonomik yiik dagitim problemlerine uygulanmasi i¢in Matlab R2015b
programlama yazilimi kullanilmistir. Bu yazilim Intel(R) Core(TM) 15-4570 3.2 GHz islemcili ve
4 GB RAM bellekli bir bilgisayarda calistirilmistir. Elde edilen B kayip matrisi degerleri asagida
verilmistir.

0.05265 0.06543 0.00356 -0.02440 0.00863 —0.03560 0.01715 ]
0.06543 0.02569 0.00467 -0.01650 0.00436  0.00298 0.00231
0.00356 0.00467 0.05873 -0.01560 -0.05340 -0.0481 —0.0198
[B]=|-0.0244 -0.0165 -0.0156 0.28751 0.29826  0.28165 0.19374
0.00863 0.00436 -0.0534 0.29826 0.33386 —0.0785 —0.0198
~0.0356 0.00298 -0.0481 0.28165 -0.0785 0.03214  0.02497
10.01715 0.00231 -0.0198 0.19374 -0.0198  0.02497  0.03418 |
[B,]=[-0.0324 0.02145 -0.0193 0.00538 0.00612 0.00861 0.01061]
[B,, ] =[0.01085]

Agirlik degerleri w = 1.0°dan baglayarak 0.1 araliklarla w = 0.0 olana kadar 100 iterasyon
ile ¢alistirllmis ve optimal sonuglar elde edilmistir. Tablo 2’de KAOA ile elde edilen sonuglar
gosterilmistir.

Tablo 2. IEEE 57 Baral1 7 Jeneratorlii Test Sistemi I¢in Elde Edilen KAOA Degerleri

Agirhk Uretim birimlerinin per-unit cinsinden cikis giicleri (pu)

Degeri G, G, Gs Gy Gs Gs Gy
1.0 3.88134 | 1.64557 | 2.35345 | 1.22457 | 1.65674 | 0.83544 | 0.73544
0.9 3.81390 | 1.61652 | 2.38670 | 1.46562 | 1.64653 | 0.85312 | 0.75636
0.8 3.81038 | 1.75455 | 2.37656 | 1.43613 | 1.74565 | 0.96464 | 0.80434
0.7 3.84575 | 1.76145 | 2.48940 | 1.46462 | 1.73452 | 0.98469 | 0.76781
0.6 3.86545 | 1.78621 | 2.45246 | 1.34637 | 1.76435 | 1.00451 | 0.81765
0.5 |4.00331 | 1.63136 | 2.36244 | 1.36165 | 1.65152 | 1.11252 | 0.79453
0.4 |4.00540 | 1.64364 | 2.38160 | 1.42461 | 1.72460 | 0.91954 | 0.84643
0.3 3.92184 | 1.71165 | 2.48914 | 1.30014 | 1.70048 | 0.94998 | 0.86352
0.2 3.90531 | 1.73942 | 2.49646 | 1.39810 | 1.69943 | 0.87753 | 0.80043
0.1 3.86927 | 1.74448 | 2.40974 | 1.39378 | 1.69076 | 0.97951 | 0.78329
0.0 3.88632 | 1.65889 | 2.39932 | 1.45033 | 1.68572 | 0.88836 | 0.84356
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Tablo 3’de KAOA igin IEEE 57 baral1 7 jeneratorlii test sistemine ait maliyet, emisyon, hat

kayiplar1 ve algoritmalarin optimal ¢6ziimleri i¢in harcanan siireler gosterilmistir.

Tablo 3. Maliyet, Emisyon, Hat Kayiplar1 ve Algoritmalarin Optimal Cdziimleri i¢in Harcanan

Stireler
Algoritma Agirhk Maliyet Degeri | Emisyon Degeri | Hat Kayiplar Siire
Tiiri Degeri (w) Froptam (R/N) Eoplam (ton/h) (pu cinsinden) (sn)
1.0 15149.054 0.28643 0.1283 0.297
0.9 15148.976 0.27470 0.1279 0.283
0.8 15148.952 0.28753 0.1276 0.281
0.7 15148.763 0.28704 0.1291 0.253
0.6 15147.008 0.28897 0.1295 0.301
KAOA 0.5 15146.651 0.27681 0.1280 0.306
0.4 15146.635 0.27941 0.1289 0.277
0.3 15145.003 0.28606 0.1297 0.296
0.2 15144.430 0.27599 0.1281 0.291
0.1 15143.769 0.28587 0.1274 0.295
0.0 15143.410 0.28766 0.1271 0.282

Sekil 4’de KAOA’nin IEEE 57 baral1 7 jeneratorlii test sistemine uygulanmasindan elde
edilen toplam yakit maliyeti degerlerinin degisim grafigi gosterilmistir. Sekil 5°’de KAOA nin
IEEE 57 barali 7 jeneratorlii test sistemine uygulanmasindan elde edilen iletim hatti kayip
degerlerinin degisim grafigi gosterilmistir. Sekil 6°’da ise KAOA’nin IEEE 57 barali 7 jeneratorlii
test sistemine uygulanmasindan elde edilen generator c¢ikis giiclerinin iterasyonlara gore

degisimini gosteren grafikler verilmistir.
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Sekil 4: Toplam yakit maliyetinin iterasyonlara gore degisim grafigi

Sekil 4 incelenecek olursa, toplam yakit maliyeti yaklasik 27. iterasyonda en diisiik
degerine ulagmaktadir. Toplam yakit maliyeti 15142 ile 15150 (R/h) degerleri arasinda
degismektedir. Sekil 5 incelendiginde enerji iletim hatlarindaki giic kaybmnimn degisimi yaklasik
38. iterasyondan sonra degismemistir. Sekil 6 incelendiginde jenerator ¢ikis gii¢lerinin yaklasik
Pytn 12., Py, P2 ve P;’nin 36., P3, Ps ve Pg’nin 38. iterasyonda en uygun degeri yakaladigi
anlasilmaktadir. Diger bir deyisle, en uygun degerler yaklasik 12 iterasyon ile 38. iterasyonlar
arasinda bulunmustur. Sistemin 38. iterasyondan sonra en uygun degeri yakalamis ve bu degerde
sabit kalmistir. Test sistemindeki degisimlerin eszamanli olarak azalmasi, yapilan islemlerin

dogrulugunu gostermektedir.

Kaotik Atesbdcegi Optimizasyon Algoritmasi Kullanilarak Termik Giig Santralleri Etkisindeki Ekonomik Yiik Dagitim Problemlerinin C6ziimii 54



0.13035 T . T T T T T .

01300 - 1
01295 1
0.1290 + 1

0.1285 -

0.1280 + s

01275 + -

fletim hatti kayiplari (pu)

0.1270 1

U_ ] 265 1 1 | 1 1 | 1 L |
0 10 20 30 40 50 60 70 80 90 100

fterasyon say1si
Sekil 5: fletim hatt1 kayiplarinin iterasyonlara gére degisim grafigi

45 T T T T T T T

35+

25 | (=P |

20 ¢ -

Uretilen giiglerdeki degisim (pu)

05 | 1 | 1 1 1 |
0 10 20 30 40 50 60 70 80 90 100

iterasyon sayisi

Sekil 6: Uretilen giiclerin iterasyonlara gore degisim grafikleri

Tablo 4’de test sistemi i¢in elde edilen optimal ¢oziimler koyu olarak literatiirdeki
sonuclarla birlikte karsilagtirllmigtir. KAOA ile IEEE 57 barali 7 jeneratorlii test sisteminin

¢Ozlimii yaklasik 0.314 sn siirmiistiir. Buna gore KAOA optimal ¢6zliimii elde etme agisindan
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diger ¢ogu optimizasyon metotlarina gore daha basit ve kolay kodlanabilir bir algoritma olmakla
birlikte olduk¢a hizlidir. Tablo 4 incelendiginde IEEE 57 barali 7 jeneratorlii test sistemi igin
KAOA ile elde edilen toplam yakit maliyetinin literatiirdeki sonuglarla karsilastirildiginda,
pargacik siirii optimizasyonu (PSO), genetik algoritma (GA), benzetim tavlama (BT), ¢oklu tabu
arama (CTA), genisletilmis parcacik siirli optimizasyonu (EPSO) ile elde edilen degerlerden daha
iyi oldugu goriilmektedir. Ayrica KAOA ile elde edilen toplam yakit maliyetinin yeni adaptif
parcacik siirii optimizasyonuyla (YAPSO) ve gelistirilmis pargacik siirii optimizasyonuyla

(GPSO) elde edilen toplam yakit maliyeti degerlerine gore yakinsama sagladigi goriilmektedir.

Tablo 4. Test Sisteminin Literatiirdeki Diger Optimal Coziimler ile Karsilastirilmasi

Baralar Sezgisel Algoritmalar

(MW) | PSO[12] | GA[11] | BT[10] | CTA[16] | EPSO[9] | YAPSO[8] | GPSO[19] | KAOA
G 446.4869 | 474.8066 | 478.1258 | 448.1287 | 459.0753 | 446.4232 | 447.1130 | 445.6783
G 168.6612 | 178.6363 | 163.0249 | 172.8082 | 185.0675 | 172.6080 | 173.0900 | 175.3452
Gs 265.0000 | 262.2089 | 261.7143 | 262.5932 | 264.2094 | 262.6183 | 262.0440 | 262.0004
Gs 139.4927 | 134.2826 | 125.7665 | 136.9605 | 138.122 | 142.7752 | 141.8220 | 142.5734
Gs 164.0036 | 151.9039 | 153.7056 | 168.2031 | 154.4716 | 164.6650 | 165.2370 | 165.5239
Ge 91.7465 | 74.1812 | 93.7965 | 87.3304 | 74.9900 | 86.3230 86.3411 86.2741
Gy 217.4282 | 219.5329 | 216.3207 | 214.5632 | 216.5239 | 215.8354 | 216.0012 | 215.4323
Groplam | 1275.3911 | 1276.030 | 1276.133 | 1276.023 | 1275.940 | 1275.4131 | 1275.6471 | 1276.522
Pkayip 12.3736 | 13.0217 | 13.1317 | 13.0205 | 12.9422 12.4131 12.6476 12.5393
Froplam | 15443.092 | 15459.00 | 15461.10 | 15450.06 | 15454.89 | 15443.765 | 15446.549 | 15441.783

5 SONUCLAR

Bu caligmada termik gii¢ santralleri etkisinde olan kayipli bir gii¢ sistemindeki cevresel
ekonomik yiik dagitim problemlerinin ¢6ziimii icin kaos tabanli atesbdcegi optimizasyon
algoritmas1 “KAOA” uygulanmistir. Coziim isleminde agirlik faktorii 0,0°dan baslayarak 0,1°lik
artimlarla 1,0’a kadar degistirilmistir. KAOA agirlik katsayisinin her bir degeri i¢in en iyi sonuca
ulagsmaya c¢alismistir. Calisma sonucunda elde edilen degerlerin, literatiirde verilen degerlere

yakin oldugu anlasilmis ve kismen daha iyi sonug elde edilmistir. Klasik atesbdcegi optimizasyon
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algoritmasinin ekonomik yiik dagitim problemlerinin ¢oziimiinti gergeklestiremedigi kisimlarda,
KAOA ¢oziime daha kolay ulagsmistir. Bunun sonucunda kisit sayisinin fazla oldugu ekonomik
yik dagiim problemlerinin ¢oziimiinde KAOA’nin kullanilmasinin daha avantajli oldugu
goriilmektedir. Ileriki galismalarda KAOA daha da gelistirilerek ¢6ziim uzaymnin ¢ok biiyiik
oldugu ve ¢ok fazla matematiksel metodun kullanildig1 kisa ve uzun donem hidrotermal gevresel

ekonomik yiik dagitim problemlerine uygulanacaktir.
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KUCUK GUCLU RUZGAR TURBINLERI iCIN 3D SEY PROGRAMI
ILE IPMS ALTERNATORUN ELEKTROMANYETIK TASARIMI VE
ANALIZI
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Ozet

Yapilan bu ¢alismada mikro gilice sahip riizgar tiirbinleri i¢in igten rotorlu sabit miknatislt
senkron (IRSMS) alternatoriin elektromanyetik tasarimi gergeklestirilmistir. Bunun igin
ANSYS firmasimin sonlu elemanlar yontemini (SEY) kullanan elektromanyetik tasarim
programi  kullamlmigtir. Tasarlanan IRSMS alternatdr radyal akilidir. Rotor 12 adet
miknatistan, stator ise 36 adet oluktan olusmustur. Rotor miknatislari yiizey yerlestirmeli
yapilmustir. Tasarimin oluk yapisi ve kutup 6lgiileri 3d maxwell programinda analiz edilerek
optimize edilmistir. Yapilan manyetik analizler sonucunda oluk a¢ikligi ve hava araligi
degerleri vuruntu momenti ve ortalama manyetik aki yogunlugu agisindan incelenerek

optimum degerleri belirlenmistir.

Anahtar Kelime: Mikro Riizgar Tirbini, Radyal Akili Alternator, Sabit Miknatis,
Elektromanyetik Analiz
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ELECTROMAGNETIC DESIGN AND ANALYSIS OF AN IPMS ALTERNATOR
FOR MICRO WIND TURBINE VIA 3D FEA PROGRAM

Abstract

In this study, the electromagnetic design of the Internal Permanent Magnet Synchronous
(IPMS) Alternator of the micro powered wind turbines. For this the electromagnetic design
program of ANSYS company that uses finite element method (FEM). The designed IPMS
alternator has radial flux. The rotor is made out of 12 magnets while the stator is made out of
36 slots. Rotor magnets are made to stick to the surface. Upon the magnetic analyses, the
optimum value was determined after investigating the slot opening and air gaps for the

cogging moment and overall magnetic flux.

Keywords: Micro Wind Turbine, Radial Flux Alternator, Permanent Magnet,

Electromagnetic Analysis

Sorumlu Yazar: Engin HUNER™ 0288 214 20 83, e-posta: engin.huner@klu.edu.tr
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1. GIRIS

Son yillarda yliksek manyetik akiya sahip neodyum miknatislardaki gelismeler sabit
miknatish alternatorler lizerine yapilan ¢alismalar1 arttirmistir[1]. Bununla birlikte ekonomik
olarak ozellikle yurtdisindan ¢ok sayida sabit miknatish kiigiik giiclii riizgar tlirbini ithal
edilmistir. Bunlarin bircogu diisiik performanslidir. Ayrica sabit miknatisli radyal akili
alternatdrler lizerine de hem prototip hem ticari liretimler goriilmektedir. Bu alternatdrlerin en
biiyiik avantaji uyartimin sabit miknatis tarafindan saglanmasindan dolay1 verimlerinin klasik
yabanct uyartimli alternatorlere gore daha yiiksek olmasidir[2, 3]. Literatiirde prototip
caligmalarin yani sira gilines enerjisi sistemleri ile hibrid sistemleri olusturulmasi ile ilgili
olarak da yapilan caligmalar mevcuttur. Ozellikle kirsal bolgeler ya da enerji hatlarina
ulagmanin zor oldugu noktalarda kii¢lik riizgar tiirbinleriyle olusturulan hibrid sistemlerinde
onemi vurgulanmaktadir[4]. Dolayisiyla kiiglik giiglii riizgar tiirbinleri i¢in yiliksek verimli
alternatdrlerin gelistirilmesi 6nem kazanmaktadir. Sabit miknatisli alternator tasariminda SEY
kullanan programlar 6ne ¢ikmaktadir. SEY kullanan programlardan biri de ANSYS firmasinin
maxwell programidir. Sabit miknatisl alternator gelistirilmesi asamasinda bir¢ok calismada
ANSYS firmasinin maxwell programi ile manyetik analizler gergeklestirilmistir. Manyetik
analizleri maxwell ile gergeklestirilerek yapilan calismalarda programin gecerliligi ortaya
konmustur[5, 6, 7, 8, 9].

Bu calismada icten rotorlu sabit miknatisli senkron alternatdriin manyetik analizleri
gerceklestirilmistir. Oncelikle kiigiik giiclii ithal edilmis bir alternatdr baz almarak manyetik
analizleri gerceklestirilmistir. Manyetik analizler 151¢inda hava araligi ve oluk biiyiikliikleri
optimize edilmistir. Yapilan bu calisma sonrasi optimize edilmis degerlere gdre IRSMS
alternatoriin liretiminin yapilmasi amaclanarak hem manyetik analiz programinin {istiinligi
ortaya konulacak hem de program ile optimize edilen parametrelerin deneysel verileri ispat

edilecektir.
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2. METARYEL VE METOD

2.1.IRSMS Alternatoriin Tasarim Parametreleri

IRSMS alternatériin ~ dncelikle mekaniksel —parametrelerine gore 3d  tasarimi
gerceklestirilmistir. Tasarimda kullanilan mekaniksel ve elektriksel parametreleri tablo 1 ‘de
verilmistir.

Tablo 1. IRSMS Alternatoriin Mekaniksel ve Elektriksel Parametreleri

Stator Olgiileri Rotor Olgiileri

Di1s ¢ap (mm) 134 Dis gap (mm) 84

I¢ cap (mm) 94 Mil ¢ap (mm) 20

Niive uzunluk (mm) 14 Hava araligi (mm) 8

Oluk Sayis1 36 Miknatis Tipi Neodyum N35
Iletken Cap1 (mm) 1 Kutup Sayisi 12

P (watt) 600 Miknatis 6lglisti (mm) 20x 14 x5
Gerilim (V) 12 N (d/dk) 500

IRSMS alternatériin tablo 1.’de verilen mekaniksel ve elektriksel parametrelerinde 6zellikle
hava aralig1 ¢ok yiiksek bir deger secilmistir. Alternatdr tasarim parametrelerinin en
onemlilerinden biride hava araligidir. Bu degerin minimum vuruntu momentini karsilayacak
sekilde secilmesi gerekmektedir. Yoksa tasarlanan alternatoriin elektriksel parametreleri zayif
olacaktir. Bu ¢aligmada degerlendirilen ikinci parametre oluk agz1 agikligidir. Bu parametrede
hava aralig1 reliikktansini etkileyecegi i¢in vuruntu momentine etkisi ve hava araligi manyetik
akisina etkisi olacaktir. Bu da elektriksel parametrelerin degismesine neden olacaktir.
Asagidaki sekilde IRSMS alternatériin bir olugunun sekli verilmistir.

-

Hsa

[" Bsb "}\
I Bsc

= =
Sekil 1. IRSMS Alternatdriin Stator Olugu

Sekil 1°de verilen oluk yapisinda kose pah kirimlarinin yaricapt Imm’dir. Bunun disindaki
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diger parametreleri tablo 2°de verilmistir. ANSYS maxwell ile yapilan manyetik analizlerde
en onemli parametrelerden biri olan Bso’in degisimi {izerine durulmustur. Diger oluk yapisi
parametreleri daha ¢ok oluklara yerlestirilecek iletken sayisina etki eden parametrelerdir.
Tasarim ve oluk Oolgiileri incelendiginde bu Olgiilerin maksimum iletken sayisina gore
belirlendigi goriilmektedir. Ayrica ANSYS maxwell programinda degisken parametre sayisi
arttirlldik¢a degisken sayilarinin ¢arpimi kadar program hesaplama yapmaktadir. Dolayisiyla
hesaplama yapilan bilgisayar daha yiiksek islem kapasitesine sahip olmalidir. Bununla birlikte
bunun yerine daha énemli parametrelerin birbirleri ile olan iliskilerini hesaplatmak zaman ve
yapilabilirlik agisindan daha 6nemlidir.

Tablo 2. IRSMS Alternatériin Stator Olugunun Olgiileri

Bso (mm) 2.5
Bsb (mm) 6

Bsc (mm) 7.5
Hso (mm) 15
Hsa (mm) 14

Tablo 1-2 ve sekil 1’e gore IRSMS alternatdriin 3d modeli olusturulmustur. Olusturulan 3d

model sekil 2°de verilmistir.

Sekil 2. IRSMS Alternatériin 3d Modeli

Sekil 2°de verilen 3d model de mavi-kahverengi-yesil renkler ile verilen IRSM alternatériin
sargilaridir. Her katta 3 faza ait sargilar mevcuttur. Sargilardan gecen akim yonleri iiretilen
akimin bir “t” zamani i¢in sabit alinmistir.
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2.2.IRSMS Alternatériin Manyetik Esdeger Devresi

Icten rotorlu sabit miknatisli senkron alternatérde uyartim sargilarmin olusturdugu ana
manyetik alani sabit miknatislar yapmaktadir. Manyetik alan dagilimi radyal olarak yani igten
disa ve yaricapa bagl olarak bir yol izlemektedir. Sekil 3°de goriildiigii gibi N kutbundan
cikan manyetik aki stator disine oradan stator boyunduruguna ge¢gmekte oradan da tekrar S

kutbuna girerek rotorun boyundurugundan devresini tamamlamaktadir.

Sekil 3. IRSMS Alternatoriin Manyetik Aki Yolu (1/2 Model)
IRSMS alternatoriin manyetik esdeger devresi sekil 3 goz Oniinde tutularak sekil 4’de

gosterildigi gibi verilmistir.

Sekil 4. IRSMS Alternatdriin Manyetik Esdeger Devresi (N-S Kutbu igin)
Sekil 4 manyetik esdeger devresine formiil 1 ile verilen amper kanunu uygulanarak manyetik
alan siddeti hesaplanir. H manyetik alan siddetini verir ve birimi AT/m’dir(metre basina
amper sarim). I; toplam akim degerini | ise toplam uzunlugu ifade eder.
$H.dl = I 1)

Manyetik alan siddeti amper kanununa gore kapali bir yol boyunca devresini tamamlarsa ve
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kacak akilar goz ard1 edilirse formiil 2 olarak diizenlenir.
H.l, = N.i (2)
Formiil 3’de reliiktansin genel formiilii verilmistir. Formiil 3’de “I” manyetik devrenin

(1]

uzunlugunu “p” manyetik gecirgenligi ve “A” kesit alan1 ifade etmektedir.

Ik Ik
= —= 3
BA  prpoA ©)

Sirasiyla formiil 4,5,6 ve 7 hava araligi, rotor boyundurugu, stator boyundurugu ve neodyum

miknatisin reliiktansini ifade etmektedir.

Rg = Holilg )
Ry = b (5)
Ryp = b (6)
Rsm = MSM%Z% (7

Formiil 8’de manyetik esdeger devreye gore hava araligindaki maksimum manyetik aki
yogunlugu verilmektedir. Miknatisin manyetik aki yogunlugu 1,2 Tesla diizeyinde alinirsa
esdeger reliiktansin miknatis reliiktansina oranindan hava araligindaki maksimum manyetik
aki yogunlugu bulunur. Formiil 9’da rotor ve stator boyundurugundaki demir niivenin
gecirgenliginin havaya gore ¢ok yiiksek olmasindan dolayr hesaplamada ihmal edilmistir.

formiil 9’a gore hesaplandiginda maksimum hava araligi manyetik aki yogunlugu 0,996 tesla

diizeyindedir.
_ 2.Rsm

Bg,mak - BT' (2R5M+2ng+:Rrb+RSb> (8)
_ 2.Rsm

Bg,mak - BT- (2R5M+2R9) (9)

3. SONUCLAR

IRSMS alternatoriin elektromanyetik modeli ANSYS firmasmin maxwell programi ile 3
boyutlu olarak olusturulmustur. Maxwell programi elektrik makinelerinin manyetik ve
transient analizlerinde kullanilmaktadir. Programda oncelikle sekil 2’de verilen 3d model
olusturulmaktadir. Ikinci adimda modeldeki her bir malzeme programin kiitiiphanesinden
tanimlanmaktadir. Bir sonraki adimda sarg1 uyartimlar1 ve analiz ayarlamalar1 yapilarak analiz
baslatilmaktadir.

3d Modeli ¢ikartilan IRSMS alternatér igin dncelikle hava araliginin vuruntu momentine olan
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etkisi incelenmistir. Bunun i¢in modelde tablo 1’de verilen rotor niivesinin yaricap degeri

“Rh” hava araligt Imm’den 5 mm’ye kadar olacak degerler i¢in ayarlanmigtir.

Tablo 3. IRSMS Alternatoriin Hava Aralign Degerleri

Rotor Niivesinin Yari¢api Hava Aralig
Rh (mm) 37 5

38 4

39 3

40 2

41 1

Manyetik analiz sonucunda mile etkiyen vuruntu momenti sekil 5’de verilmistir. Minimum
vuruntu momenti Smm hava araligi i¢in elde edilmistir. Imm hava aralifinda vuruntu
momenti degeri Smm’ye gore 7,6 kat daha fazladir. 2mm hava aralig1 i¢in 3 kat, 3mm hava
araligi i¢in 2,33 kat, 4mm hava aralig1 i¢in 1,33 kat daha yiiksek vuruntu momenti degerine
sahiptir. Dolayisiyla hem yiiksek hava araligi manyetik akisi i¢in kiiciik hava araligi secilmeli

hem de en uygun vuruntu momentine karar verilmelidir.

XY Plot 6 Maxwell3DDesign1 4
1000.00

Curve Info

— Torque2 Torque

Setup? : Lastadaplive
3Tmm

— Torque2 Torque

Setup? : LastAdaptive

Rn=38mm
200,00 —

—— Torquez Torque
Setup : Lastadaptive
Rh="39mm’

—— Torque? Torgue
Setup : LastAdaptive
/| Rn=41mm’

600.00 —f

400.00 - /

20000 —

o —— .
/ - F— N
- e — T T
B e
000 - ,,;»/‘/'_f) = —*\‘t\ﬁ
] - \f\
" /'/’
~ ~
v,,—/ -
1 N . -
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0.00
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Sekil 5. IRSMS Alternatdriin Vuruntu Momenti
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Sirastyla 1-2-3-4 ve 5Smm hava araligi degerleri i¢in hava araligindaki manyetik aki
yogunlugu degisimi sonucunda elde edilen veriler sekil 6’da verilmistir. Her bir hava araligi
icin sekil 6 tizerinde maksimum ve minimum noktalar verilmistir. Gortildiga gibi Imm hava
aralig1 i¢in ug¢ noktalardaki manyetik aki yogunlugu c¢ok yiiksektir. Bu durumda hem vuruntu
momentinin degerinin yiikselmesine hem de stator niivesinin u¢ kisimlarda doyuma giderek
performansinin  diismesine neden olmaktadir. Ozellikle sekil 6 iizerinde verilen
m1l,m2,m3,m4,m5 noktalar1 ortalama manyetik aki degeri i¢in bizi bilgilendirir. Tam degerleri
bulmak i¢in maxwell programinin 3d manyetik analiz sonuglar1 tizerinden programin araglari

ile hesap yapilmaktadir.

mi[114511]07070

Tame XY Plot 1 Maxwel3DDesigni 4

Gurve Info max | min
m2 | 113804 | 06051 Bred
m3 | 11.3804| 05156 Setup1

LastAdaptive 04083 -0.3333
me [ 11.3087| 04366 B50=2 5mm' Ra="1mm’ Rh=37mm’

ms [ 11.3097 03679
me |217712 09816 " p

w7 |208037 07081 | )

mp | 16,3939 | 05906 g

me [ 17.3867 ] 05076 h mt
w0 | 17.0363] 04083 \ v
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Sekil 6. IRSMS Alternatériin Kutup Altinda Manyetik Aki Dagilimi
IRSMS alternatriin niive yiizeyinde ortalama manyetik aki degerinin hesabi i¢in manyetik
analizler sonucunda program araglari ile ortalama manyetik aki degeri hesaplatilir. Sekil 7°de

Smm i¢in manyetik aki dagilimi 3d olarak verilmistir.
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Sekil 7. IRSMS Alternatdriin Manyetik Aki Dagilimi (Smm Hava Araligi Icin)

Tablo 4’de 1,2,3,4 ve Smm i¢in ortalama manyetik aki degerleri verilmistir. Imm hava

araliginda Smm’ye gore ortalama manyetik aki degeri 1,9 katidir. 2mm hava aralig1 igin

Smm’ye gore manyetik aki degeri 1,6 katidir. 3mm hava aralig1 i¢in Smm’ye gore manyetik
aki degeri 1,36 katidir.
Tablo 4. IRSMS Alternatériin Ortalama Manyetik Ak1 Degerleri

Hava Aralig1r (mm) Ortalama Manyetik Ak1 Degeri (Tesla)
1 0.617943293055892
2 0.51835160883215
3 0.44716183314597
4 0.377622725161037
5 0.324529376279862

Yapilan manyetik analizlerde alinan diger bir degisken oluk agikligidir. Oluk agiklig1 niive
yilizeyindeki reliiktans1 degistirecegi icin manyetik analizde degisken bir parametre olarak
almmstir. Oluk aralig1 1-1,5-2-2,5-3-3,5-4-4,5 ve Smm olarak alinmistir. Her bir deger i¢in
stator niivesinin manyetik aki yogunlugu hesaplatilmistir.
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Sekil 8. IRSMS Alternatériin Oluk Acikligi-Manyetik Ak Dagilimi
a)Bso=1mm, b)Bso=5mm

Sekil 8’de Bso=Imm ve Bso=5mm oluk agiklig1 i¢in statordaki manyetik aki yogunlugu
dagilimi verilmistir. Bso=Imm’den 5mm’ye kadar olan ortalama manyetik aki yogunlugu
dagilimlarinin degerleri ise tablo 5°de verilmistir. Tablo 5 incelendiginde en uygun degerin
3mm oldugu goriilmektedir.

Tablo 5. IRSMS Alternatériin Oluk Agikligi-Manyetik Aki Dagilimi Degerleri

Oluk Acikligi Bso (mm) Ortalama Manyetik Ak1 Yogunlugu (Tesla)
1 0.497513625608596
1,5 0.510057308784103
2 0.513190107864249
2,5 0.51835160883215
3 0.522184362871834
3,5 0.519270694550592

Kiigiik Giiglii Riizgar Tiirbinleri Igin 3d Sey Programi ile Ipms Alternatériin Elektromanyetik Tasarimi Ve Analizi 70



fﬂi um;%

£

s
Huner and Ataozden / Kirklareli University Journal of Engineering and Science 2 (2016) 60-73 . >="

4 0.517979880605255
4,5 0.516228182818103
5 0.513051163726427

Tablo 5’e gore oluk acikligina bagl olarak hesaplanan degerler sekil 9°daki gibi grafiksel
olarak ifade edildiginde de en yiiksek ortalama manyetik aki yogunlugu degeri i¢cin 3mm’lik

oluk acikliginin uygun oldugu goriilmektedir.
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Sekil 9. IRSMS Alternatoriin Oluk Ag¢ikligi-Manyetik Aki Dagilimi Egrisi

Stator niivesinin oluk acikligina bagl olarak bir kutup altinda ki manyetik alan dagilimi sekil
10°da verilmistir. Sekil 10°da goriildiigii gibi oluk agikligr arttikga reliiktansin degisimine
bagli olarak manyetik aki yogunlugu da degismektedir. Bu da vuruntu momentini arttirict bir
etkidir. Manyetik analizde 1-2-3-4 ve 5mm oluk agikliklar1 alinmistir. Her bir oluk agikligi
degerinde maksimum ve minimum noktalarin farki en diisiik oluk agikliginin degeri baz
almarak karsilagtirilmistir. Smm agiklikta 2,79 kat, 4mm agiklikta 2 kat, 3mm agiklikta 1,63
kat ve 2 mm agiklikta 1,23 kat fark vardir.
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Sekil 10. IRSMS Alternatdriin Kutup Altinda Oluk Acikligina Bagl Manyetik Ak1 Dagilimi

4. SONUC VE ONERILER

Bu ¢alismada piyasada iiretilen bir IRSMS alternatér i¢in manyetik analizler gerceklestirilerek
parametreler optimize edilmistir. Bunun i¢in sirasiyla hava araligina bagli vuruntu momenti
degerleri, hava araligina bagli olarak kutup altinda manyetik aki yogunlugu degisimi, hava
araligima bagl olarak ortalama manyetik aki dagilimi, oluk agikligina bagl olarak manyetik
aki yogunlugu dagilimi ve oluk aciklifina bagli olarak kutup altindaki manyetik aki
yogunlugu degisimi analiz edilmistir. ANSYS maxwell ile yapilan manyetik analizler
sonucunda vuruntu momenti i¢in 2mm ve 3mm hava araligi Smm ye gore sirasiyla 3 kat ve
2,33 kat daha fazladir. Stator niivesindeki ortalama manyetik aki yogunlugu degeri 2mm ve
3mm i¢in Smm’ye gore siwrasiyla 1,6 kat ve 1,36 kat daha fazladir. Farkli oluk agikligi
degerlerinde en yiiksek ortalama manyetik aki yogunlugu 3mm’de 0,5221 tesla olarak analiz
edilmistir. Farkli oluk agikliklarinda maksimum ve minimum degerler arasindaki farkin en
disiik oluk agikligina gére 2mm ve 3mm’de sirasiyla 1,23 kat ve 1,63 kat olarak analiz
edilmistir. Dolayisiyla hava aralifi acisindan 2mm ve oluk araligi agisindan vuruntu
momentini de bir miktar katki saglamak i¢in iki degerin orta noktasi olan 2,5mm degeri

secilerek optimizasyon saglanir.
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Abstract
The primary purpose of this paper is to classify real quadratic fields Q(vd) which
include the form of specific continued fraction expansion of integral basis element w, for
arbitrary period length £ = £(d) where d = 2,3(mod4) is a square free positive integers.
Furthermore, the present paper deals with determining new certain parametric
formulas of fundamental unit &, :(td +Uyq \/F)/Z »1 and Yokoi’s d-invariants n, ,m, for

such real quadratic fields. All results are also supported by several numerical tabular forms.

Key Words: Quadratic Fields, Continued Fractions, Fundamental Units.

2010 AMS Subject Classification: 11R11, 11A55, 11R27.

Ozet
Bu makalenin asil amaci, d = 2,3(mod4) kare garpansiz pozitif tamsayilar olmak

tizere keyfi £ = £(d) periyod uzunlugu igin tamlik taban elemani olan w, nin 6zel bir siirekli

kesre a¢ilimindaki formu igeren Q(\/a) reel kuadratik say1 cisimlerini siniflandirmaktir.

Ayrica bu ¢alisma, ilgili reel kuadratik say1 cisimleri i¢in Yokoi’nin d-invaryantlari
olan n, ,m, ile &, =(td +U, 4/ d )/2 »1 temel biriminin kesin parametrik formiillerinin

belirlenmesi ile ilgilenmektedir. Tim sonuglar bir takim niimerik tablolar ile de

desteklenmektedir.

Anahtar Kelimeler: Kuadratik Cisimler, Siirekli Kesirler, Temel Birimler.
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1. INTRODUCTION
Quadratic fields have applications in different areas of mathematics such as quadratic
forms, algebraic geometry, diophantine equations, algebraic number theory, and even
cryptography.
The Unit Theorem for real quadratic fields says that every unit in the integer ring of a

quadratic field is given in terms of the fundamental unit of the quadratic field. Thus,

determining the fundamental units of quadratic fields is of great importance.

Letk = Q(\/Z) be a real quadratic number field where d > 0 is a positive square free

integer. Integral basis element is denoted by w, =+/d = [ ao; ay, az, -, ap@)_1, 20, | and
£(d) is the period length in simple continued fraction expansion of algebraic integer w, for

d = 2,3(mod4). The fundamental unit &, of real quadratic number field is also denoted by
&4 :(td +Ug \/F)/Z »1 where N (gd ) = (-1)!@D,

. . z t
Furthermore, Yokoi’s invariants are expressed by m, = [[?]] and ng = |[u—‘§ where
d d

[x] represents the greatest integer not greater than x. The sequence {Y,} is also special

sequence which will be defined in Section 2.

By using coefficients of fundamental unit H.Yokoi defined two significant invariants

such as mg, ng for class number problem and the solutions of Pell equation in [9].

In [7], Tomita described explicitly form of the fundamental units of the real quadratic fields
by using  Fibonacci sequence and continued fraction. He also gave some results for the

continued fraction expansion of w; where d = 1(mod4) for £(d) = 3 in [6].

Determining of some certain fundamental units gd:(td+ud \/F)/Z 1 of k=

Q(Vd) was studied by R.Sasaki and R.A.Mollin ([4], [1]). Moreover, please see [3],[5] and
[8] for more details about continued fraction expansions.
We will investigate the continued fraction expansions which have partial quotients

elements as 5s (except the last digit of the period, which is always 2[[\/3]] for w, = «/a) with a

given period length. Although there are infinitely many values of d having all 5s in the
symmetric part of period of integral basis element, we will classify them according to
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arbitrary period length.
We will also determine the general forms of fundamental units e; and t,, u,

coefficents of fundamental units gd=(td+ud \/F)/Z 1 in the terms of {Y,} as new

formulizations which have been unknown yet for such real quadratic fields. By using results,
the fundamental unit, continued fraction expansions and Yokoi’s invariants will be calculated

more easily for such Q(Vd).

2. PRELIMINARIES

We need following definitions and lemmas which will be used in our main results for
the section 3.

Definition 2.1. {Y;} is said to be a sequence defined by the recurrence relation
Vi =5Y1+Y

with seed values Y, = 0 and Y; = 1. We can calculate some values of the terms of the
sequence as follows:

Yz=5Y1+Y0=5,Y3=5Y2+Y1=25+1=26,Y4=5Y3+Y2=130+5=135,
Y, = 5Y, + Y; = 5.135 + 26 = 701, Y, = 5Y; + ¥, = 3640 , ¥, = 18901 , Y, = 98145 ,

Yg = 509626, Y10 = 264‘6275 ,Y11 = 13741001 ' le = 71351280 ' Y13 = 370497401 y
This sequence plays an important role in this paper to describe our lemmas and main
results.

Lemma 2.1. For a square free positive integer d congruent to 2,3 modulo 4, we put w, = Vd
, Ay = [[\/H]] into the wy = ay + w,. Then w,; € R(d), but wi € R (d) holds.

Moreover, for the period [ = [(d) of wg, we get

Wp = [ Zao, aq, ay, ..., al(d)_l] and Wq = [ao; ag, ay, ..., al(d)_l, 2a0 ]
Furthermore, let wy = “R°C2L — [ 200,44, ay, ..., ayq)-1, Wg] be @ modular
WRQ+Q1-1

automorphism of wy. Then the fundamental unit £, of Q(vVd) is given by the following
formula:

_td+ud\/a

&y 2 :(a0+\ﬁ)Ql(d)+Ql(d)71>1

t, =2a0.Q,(d)+2Q|(d),l and u, =2Q,

where Q, is determined by Q, =0, Q, =1and Q,, =a,Q, +Q, ,, (i = 1).
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Proof. Proof is omitted in [6].

Lemma 2.2. Let d = 2,3(mod4) be the square free positive integer and w, has got partial
constant elements repeated 5s in the case of period [ = I(d). If a, = [Vd] denote the integer

part of w; = Vd for d = 2,3(mod4), then we have continued fraction expansion

Wg = \/E = [aO; ay, Ay, ..., an”(d)—lr a’f(d) ] = [aoi 5'5' ...,5,2610]

for quadratic irrational numbers and wy = a,++Vd = a, + [ao; 55, ...,5, ZaO] =

[ 2a,,5,, ...,5 | for reduced quadratic irrational numbers.

Furthermore, A, = ayYy41 + Yy and By =Y, are determined in the continued fraction

expansions where {4, } and {B, } are two sequences defined by :
A,=0 ,A,=1, A=aA +A, (for 0<k<I-1)
B,=1,B_,=0, B =aB_,+B, (for 0<k<I-1)
and
A =232, +3aY, ,+Y,_, (fork=1(d))

B =2a,Y,+Y,, (fork =1(d))
where 1 = I(d) is period length of w, = /d. Also, C; = A"/B, is the j* convergent in the
j)

continued fraction expansion of Vd.
Moreover, in the continued fraction [by, by, bs ..., by, ... ]| = [ 2a,,5,5, ...,5, ... ],

P, =2a,Y;+Y;_; and Q; =Y; are obtained where {P;} and {Q,} are two sequences defined
by

P_1=O,P0=1, Pj+1:b PJ+PJ—1

j+l

Q-1=1,Q,=0, Q;,,=b;,,Q;+Q;,

for j>0.
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Proof. We can prove by using mathematical induction. Using the following table which
k -2 -1 0 1 2 3 4 5
a a, 5 5 5 5
(agy) (5a5 +1) (26a,+5) | (135a,+26) | (70lqay + 135)

Ak 0 1 a0Y1 + YO aOYZ + Y1 a0Y3 + YZ a0Y4 + Y3 a0Y5 + Y4

0 1 5 26 135 701
By, 1 Yo Y, Y, Y3 Y, Y5

Table 2.1.

(Convergent of [ ay; 5,5, ...,5, 2a, | for L = 1(d))

includes values of Ay, B, and a,, we can easily say that this is true for k = 0.

Now, we assume that the result true for k < i. Using the defined relations for {Y;} sequence,
we obtained (a; =5forl<i<l-—1)

Aci = A+ AL =500k + Vi) + (ag¥y + Yie—y)

=agYrs2 + Y

B =&1B + B 1= 5V 1 + V= Yieio

=ag(5Ys1 + V) + (BY + Y1)

Moreover, since a; = 2a, we get the following result :

Furthermore, in the continued fraction
following table:

A= Zang +3a,Y,,+Y,

B, =2a,Y, +Y4

(fork = 1(d))

[bl, bz, b3 ...,bn, ] = [Zao, 5, 5,

,5, ... |,we have

j -1 0 1 2 3 4 5
b; 2a, 5 5 5
(2 ay) (10a,+1) | (52ay+5) | (270a, + 26)

P] 0 1 2a0Y1+Y0 2a0Y2 +Y1 2a0Y3 +Y2 2a0Y4+Y3

0 1 5 26 135
Q; 1 Yo Yy Y; Y3 Yy

Table 2.2. Convergent of [ 2a,,5,5, ...,5, ... |
78
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The Table 2.2 completes proof.

Definition 2.2. Let ¢,, = ac,_1 + bc,,_, be the recurence relation of {c,,} sequence where a, b
are real numbers. The polynomial is called as a characteristic equation is written in the form
of

r’—ar—b=0

The solutions will depend on the nature of the roots of the characteristic equation for

recurence relation.

By using the definition, we find characteristic equation as
r2—5r—1=0

for {Y; } sequence. So, we can write each element of sequence as follows:

1
Y, =
kT V29

)=

fork > 0.

Lemma 2.3. Let {Y;} be the sequence defined as in Definition 2.1 and Definition 2.2. Then,

we have
k
2 <5+\/29> ki -
;if k is even integer
v 5v29 + 29 2 g
k
| 1 (5+v29\" - ,
k ; if kisoddinteger
V29 2
fork > 1.

Proof. As a result of the Lemma 2.2 this proof can be obtained easily.

Remark 2.1. Let {V¥,} be the sequence defined as in Definition 2.1. Then, we state the

following:
0(mod4) ; n = 0(mod6)
Y. = 1(mod4) ; n =1,2,5(mod6)
n- 2(mod4) ; n = 3(mod6)
3(mod4) ; n = 4(mod6)
forn > 0.
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3. MAIN THEOREMS AND RESULTS

The followings are our main theorem and results with the notation of the

preliminaries.

Main Theorem. Let d be square free positive integer and ¢ be a positive integer satisfying

that 3 + £ ,£ > 2. Suppose that the parametrization of d is

g <5+ (26 + 1Y,

2
> ) + 26+ 1Y, +1

where § > 0 is a positive integer. Then following conditions hold:

(1) If £ = 1(mod6) and § is even positive integer then d = 2(mod4)
(2) If £ = 2(mod6) and § is even positive integer then d = 3(mod4)
(3) If £ =4(mod6) and § is even positive integer then d = 3(mod4)
(4) If £ =5(mod6) and 6 is odd positive integer then d = 2(mod4)

W;M,H(ZHDH

In Q(\/H) real quadratic fields, we have w,; = l
-1

with £ = £(d) for d = 2,3(mod4).

Additionally, we get the fundamental unit £, and coefficients of fundamental unit ¢, uy

as follows:

Eq = (—5+(282+1)Y[ + \/a) Yg + Yg_l,

tg = (26 + DY} +5Y,+2Y,_, and u,; =2Y,

Proof. We say that d ¢ Z, by using Remark 2.1 for all # = 0,3(mod6). So, we will assume
that 34 ¢ ,£ > 2inordertogetd € Z,. First of all, we should show that four conditions hold
as the followings:

(1) if£ =1 (mod6) holds, then Y, =1(mod4) and Y,_; = 0(mod4)hold. By

substituting these values into parametrization of d and considering § is even positive
integer, we obtain d = 2(mod4).
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(2) If ¢ = 2(mod6) satisfies, then Y, = 1(mod4) and Y,_, = 1(mod4) satisfy. By
considering 6 is even positive substituting these values into parametrization of d and
rearranging, we have d = 3(mod4).

(3) If £ =4(mod6) and & is even positive integer, then Y, = 3(mod4) and Y,_; =
2(mod4) hold and also by substituting these values into parametrization of d, then
d = 3(mod4) holds.

(4) If £=5(mod6) and § is odd positive integer then we get Y, = 1(mod4) and
Y,_; = 3(mod4). By substituting these values into parametrization of d and
rearranging, we have d = 2(mod4).

So, conditions are satisfied. By using Lemma 2.2 we have

Wg = (5“252“)”) + [5“252“)”; 55, ..5,5+ (28 + DY,
£-1

= WR=(5+(26+1)Y[)+5| -

5+

1 1 1
= (5+(26+1)Yg)+ E+---+E+W_R

By using Lemma 2.1 and Lemma 2.2, we get

Yo_iwgp + Y,

=0G+@E5+1Y,) +
W= (5 -+ (25 + DY) +

Using Definition 2.1 and put Y,,; +Y,_, = 5Y, + 2Y,_; equation into the above equality,
we obtain
wi—(G5+Q5§+DY)wr— 1+ R25§+1)Y,_1) =0

++/d since wy > 0. If we consider Lemma 2.2, we get

This implies that wy = (W)

Vd = [ZE BETTS5 + (26 + DY, | and £ = £(d).

5+(25+1)Y{z; 5,5,..,5,5+ (25 + 1)Yfl holds.

Hence, w; = l
-1

Now, we can determine &4, t; and u; using Lemma 2.1 as follows:
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Q =0=Y,, Q1:1:Y1, Q2:a1-Q1+QO:>Q2:5:Y2,
Q3=a2Q2+Q1=5Y2+Y1=Y3, Q4=Y4,

So, this implies that Q; = Y; by using mathematical induction for vi > 0. If we substitute

- I +ud\/cT

these values of sequence into the g, >

=(a, +'\/E)Ql(d) + Q)11 and

rearranged, we get

Eq = (—5+(262+1)Y{) + \/a) Yg + Yf—l!

tg = (26 + DY} +5Y,+2Y,_;, and u,; =2Y,
We can obtain following theorems and conclusions from Main Theorem.

Theorem 3.1. Let d be square free positive integer and € be a positive integer satisfying that
¢ # 5(mod6), 3 ¢ and £ > 2. Suppose that parametrization of d is

54 Y,\°
d:< 2 )+Y[_1+1

Then ,we have d = 2,3(mod4) and w, = [% 55,..,5,5+ Yfl with £ = £(d).
-1

Additionally, we get the fundamental unit &; , coefficients of fundamental unit t;, u,; and

Yokoi’s invariant m, as follows:

g4 = (5+2Y€ + \/E) Y, + Yo_q,

td = Ygz + Yg+1 + Yg_l and Ug = 2Y¢o
my = 3

Proof. This theorem is obtained from main theorem by taking 6§ = 0. Assume that £ %

5(mod6), 3 t £ and £ = 2. By using this assumption and Remark 2.1, we obtain that
if £ = 1,2 (mod6), we have d = 2,3(mod4) and if £ = 4 (mod6), we get d = 3(mod4).

By using Lemma 2.2 we get

5+Y [54+7,
tWZ( 2)+ 55,5547,
-1
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1 1 1
= WR_(S-I_Y{’)-I_S= 11 _(5+Y€)+E++E+W_R

5+

By using Lemma 2.1 and Lemma 2.3, we get

Yo_iwg + Yo,

wp=(05+Y,)+
r = ( ) Vown £,

Using Definition 2.1 and put Y,,; +Y,_; = 5Y, + 2Y,_; equation into the above equality,
we obtain
WI% - (5 + Yg)WR - (1 + Y{’—l) =0

5’;”) ++/d since wy > 0. If we consider Lemma 2.2 we get

This implies that wy, = (

Vd = [% 5,5,..,55 + Y[] and ¢ = £(d). Hence, wy = %; 5,5,..,5,5+ Y, | holds.
-1

Now, we can determine 4, t; and u,; using Lemma 2.1. We obtain Q; = Y; for Vi > 0. If we

_td+ud\/a

substitute these values of sequence into the &, >

=(a, +\/E)Ql(d) +Qayal and

rearranged, we get

£y = (SJ’ZY” + \/H) Y, + Yy,

td = Ygz + Y1.”+1 + Yf—l and Ug = ZYg

2

Finally, we know that m, is defined as my = [[Z—d]] from H.Yokoi’s reference. If we
d

substitue t; and u, into the m,, then we get

u’ 4Y}
m, = [|—|| =

2
We can’t calculate m,; = [{?]] due to d is not square free positive integer for £ = 2. From
d

the assumption and by considering Y, is increasing sequence, we get,

Y?
2
Yi+Yopa+Ye g

4> 4( )>3,846
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4Y}

for £ > 4. Therefore, we obtain my; = |[2—
Yi+Yopa+Ye g

ﬂ = 3 for £ > 4 due to definition of m,.

This completes the proof of Theorem 3.1.

Corollary 3.1. Let d be the square free positive integer positive integer satisfying the
conditions in Theorem 3.1. We state the following Table 3.1 where fundamental unit is &g,
integral basis elemant is w; and Yokoi’s invariant is m, for 4 < £(d) < 13. (In this table, we

rule out £(d) = 2, 7 since d is not a square free positive integer in these periods).

d £(d) | my Wy &g
4927 4 3 [70;5,5,5,140] 9476+135v4927
2408374527 8 3 [49075;5,5,5,5,5,5,5,98150] 4816484776+98145v2408374527
1750699969227 10 |3 [1323140;5,5,5,5,5,5,5,5,5,2646280] 3501392813126+2646275v1750699969227
34317082034533490 13 | 3 | [185248703;55555,5,5,5,5,5,5,5,370497406] | 68634163071472183+370497401v/34317082034533490

Table 3.1.

Theorem 3.2. Let d be the square free positive integer and ¢ be a positive integer satisfying
that £ = 5(mod6) and £ > 1. We assume that parametrization of d is

5+ 3,
a=(25

2
z ) +3Y,_, +1

5+3Y,

Then ,we get d = 2(mod4) and w, = l ;55,..,5,5+ BY[I and £ = £(d).

-1

Moreover, we have following equalities :

Eq = ((5+3Y{;) Yg + Y{J_1> + Y{)\/H

2
tg =3Y2 +5Y,+2Y,_; and uy = 2Y,
my = 1

for g4 , tg, uy and Yokoi’s invariant my.
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Proof. We can create this theorem by substituting § = 1 in Main Theorem. If we suppose
that # = 5(mod6) and ¢ > 1 ,then we have Y, = 1(mod4) and Y,_; = 3(mod4) . Also, if

5+3Y,

2
we put these equivalents into d =( ) +3Y,_1+1 then we get d = 2(mod4). By

using Lemma 2.2, we have

Yo_qwr + Yo,

= (5 + 3Y,
wg = (5+3Y,) + Yo + Yy

We obtain the proof in a similar way of proof of Theorem 3.1. By using Lemma 2.1, Lemma

5+3Y’) +/d since wy > 0.

2.3 and Definition 2.1, we get wy = (

If we consider Lemma 2.2 we have

wy =Vd = [5“‘23”; 55, ..,5,5 + 31@] and ¢ = £(d).
-1

&4, tg and u, are determined as follows using Lemma 2.1. It is seen that Q; = Y; holds for
Vi>1. If we substitute these values of sequence into the

_td+ud\/d_

&4 > =(a, + ﬁ)Q,(d) +Q,(4y1 21 and rearranged, we have

3Y,+5
Eq = <( 1?2 )Y{) + Y{J_1> + Y[\/E

tq = 3Y} +5Y, +2Y,_; and uy = 2Y,.

If we substitute t; and u, into the m, and rearranged, then we get

u? 4Y}
m s =\||—I =
a ty 3Y7 + Yoy + Vi

From the assumption and since Y, is increasing sequence, we have

Y/
2> 4(—; > 1,329
3Yy + Y1+ Yo

4Y}

where ¢ = 5(mod6),¢ > 1. Therefore, we obtain m,; = HW
? -1 +1

]] =1 for ¢=
5(mod6), £ = 5 which completes the proof of Theorem 3.2.
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Corollary 3.2. Let d be the square free positive integer satisfying the conditions in Theorem
3.2. We state the following Table 3.2 where fundamental unit is &4, integral basis elemant is
wy and Yokoi’s invariant is my for 1 < £(d) < 17.

d £(d)| my Wy €d
1111322 5 1 [1054;55,5,5,2108] 738989+ 701v/1111322
424834105080842 11 1 [20611504;5,5,...5,41223008] 283222699721779+ 13741001vV424834105080842
163237535004482301880562 | 17 1 [404026651354;5,5, ...5,808053302708] 108825023335829727323369+
269351100901v163237535004482301880562

Table 3.2.

Theorem 3.3. Let d be square free positive integer and € be a positive integer satisfying that

¢ # 5(mod6), 3 ¢ and £ > 2. Suppose that the parametrization of d is

5Y, + 5\°
d= ( ) +5Y,, 41
Then, we have d = 2,3(mod4) and w, = [”;*5; 55 .55+ 51@] with £ = £(d).
-1

Additionally, we get the fundamental unit ¢; , coefficients of fundamental unit t;, u; and

Yokoi’s invariant n, as follows:

gy = (SY;” + \/E) Y, + Y4,

tg =5Y} +Yp 1 +Y,_; and uy =2Y,

nd:].

Proof. We have this theorem for § = 2 by using Main Theorem. Suppose that ¢ %
5(mod6), 3+ ¢ and £ = 2. By using this assumption and Remark 2.1 we can find some
results as follows:

0] if £ = 1,2 (mod6), then Y, = 1(mod4) as well as either Y,_; = 1(mod4) or
Yy, = 0(mod4) holds. if Y, =1(mod4)and Y,_; = 1(mod4) ,then d =
3(mod4) otherwise d = 2(mod4) holds. So, we have d = 2,3(mod4).
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(i)  if £ =4 (mod6), then Y, = 3(mod4) and Y,_; = 2(mod4) hold. By substituting

these values into parametrization of d and rearranging, we have d = 3(mod4).
Hence, d = 2,3(mod4) holds.
We get

Yo_1wg + Y,

=(5+5Y,)+
wr = ( ) Yywe + Y,

using Lemma 2.1 and Lemma 2.2 with the properties of continued fraction expansion. Using
Definition 2.1 we have

W}% - (5 + SY{J)WR - (1 + 5Y[_1) = 0

5455,

This implies that wy = ( ) ++/d since wg > 0.

Hence, w, = [@ 55,..55+ SY{,l holds.
-1
By using Q; =Y;for vi>1 into the &, sz(% +/d)Q 4y +Qq)a 1 and

rearranged, we obtain

g4 = (SY;H + \/3) Y, + Y4,

tg =5Y} +Yp 1 +Y,_; and uy =2Y,

Finally, we know that n, is defined as n; = |[t—‘§

" ]] If we substitue t; and u,; into the ny,
d

then we get

] _[5YF A+ Yeur + Yoy
e el 477

1 Y Yo_
=1 [1+2e4 I
£ £

From the assumption, since Y, is increasing sequence, we calculate following inequality for
£>2
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Y+ You1 + Yoy
47

< 0,520

Hence, we obtain n; = 1 + |E+ %‘" ’;’Z;ﬂ =1 for £ = 2 due to definition of n; .This
completes the proof of Theorem 3.3.

Corollary 3.3. Let d be the square free positive integer positive integer satisfying the
conditions in Theorem 3.3. We state the following Table 3.3 where fundamental unit is &g,
integral basis elemant is w; and and Yokoi’s invariant is ng; for 2 < £(d) < 13. (In the

following table, we rule out #(d) = 4,10 since d is not a square free positive integer in these

periods).
d 2(d) | ng Wy &
231 2 1 [15;5,30] 76+5y231
2233053226 7 1 [47255;5,5,5,5,5,5,94510] 893170395+18901v/2233053226
60204077731 8 1 [245365;5,5,5,5,5,5,5,5490730] 24081366826+981451/60204077731
857927030911441426 | 13 1 [926243505;5,5, ... 5,1852487010] 343170811366981785 +
370497401 v/857927030911441426
Table 3.3.
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