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KISA OZET

ANAHTARLAMALI JIRATORUN ENERJi SISTEMLERINDE UYGULAMALARI

Ali Napeyda

Elektrik giic sistemleri, hizla biiyliyen ve giderek karmasiklasan bir yapiya sahiptir. Bu
sistemlerde, tiretim ile talep arasindaki dengeyi saglamak i¢in giivenilir ve istikrarli bir enerji
temini biiyiik 6nem tasir. Ayrica, sistemin tiim bilesenlerinin etkin ve verimli bir sekilde
caligsmasi da kritik bir rol oynar. Ancak, artan yiik talebi ve biiyiik 6l¢ekli yenilenebilir enerji
kaynaklarinin sisteme entegrasyonuyla birlikte, diizensiz giic akist dagilimi, hat asir
yiliklenmesi, artan kayiplar ve azalan gii¢ iletimi gibi sorunlar ortaya ¢ikmaktadir. Bu sorunlar,

sebekenin zayiflamasina yol agmaktadir.

Zay1f sebekelerin iki temel 6zelligi bulunmaktadir: yiliksek sebeke empedans: ve zengin arka
plan harmonikleri. Bu 6zellikler, sistemin kararlilig1 ve verimliligi tizerinde ciddi zorluklar

yaratmakta ve elektrik gii¢ sisteminin performansini olumsuz yonde etkilemektedir.

Gig iletim sistemlerinde karsilasilan temel sorunlardan biri, reaktif gii¢ dengesizligi ve iletim
kayiplaridir. Bu durum, sistem kararliligini ve gii¢ kalitesini olumsuz yonde etkileyebilir.
Reaktif giic kompanzasyonu, bu dengesizligi gidermek ve gii¢ kalitesini iyilestirmek i¢in
kullanilan etkili bir yontemdir. Ayn1 zamanda, sistem verimliligini artirarak enerji kayiplarini

azaltir ve sebekenin daha kararli ¢alismasini saglar.
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Yari iletken teknolojisinin yayginlasmasindan 6nce, reaktif giic kompanzasyonu gibi sorunlar
elektromekanik anahtarlar araciligiyla ¢oziiliiyordu. Bu yontemde, sebekeye kondansator,
reaktor veya senkron jeneratdr gibi bilesenler uygulaniyordu. Ancak mekanik anahtarlarin
kullanim1 bir¢ok dezavantaji beraberinde getiriyordu. Bunlar arasinda, tepki siirelerinin
olduk¢a yavas olmasi ve zamanla aginmalarinin yaygin bir sorun haline gelmesi 6ne ¢ikiyordu.
Bu durum, sistemin verimliligini ve gitivenilirligini olumsuz etkiliyordu. Ancak giiniimiizde
glic elektronigi tabanl esnek "AC" iletim sistemleri (FACTS) ve 6zellikle birlesik gii¢ akis
denetleyicisi (UPFC) gibi modern teknolojiler, iletim hatlar1 ve bara gerilimlerinde reaktif ve
aktif glictin ayn1 anda bagimsiz olarak kontrol edilmesini miimkiin kilmaktadir. Bu teknolojiler,
iletim hatlarinin hem statik hem de dinamik isleyisi agisindan 6nemli avantajlar sunar. Ayrica,
bu tiir cihazlar, akilli sebekelerin gelisimine onciiliik ederek, gii¢ sisteminin esneklik, kararlilik

ve verimliligini artiran etkili bir ¢6ztim saglamaktadir.

Bu alandaki yenilik¢i uygulamalardan biri, anahtarlamali jirator ile degisken kondansator elde
ederek reaktif giic kompanzasyonu saglamasidir. Bu yontem, reaktif giicten kaynaklanan
sorunlara kars ileri diizey bir teknoloji sunar ve gii¢ sistemlerindeki gii¢ akisinin daha etkili
bir sekilde yonetilmesini ve kontrol edilmesini miimkiin kilar. Jiratorler, temelde bir tiir aktif
devre elemani olarak, reaktif ve aktif gili¢ arasindaki iliskiyi optimize edebilir ve enerji akigini
daha verimli hale getirebilir. Bu c¢alismada, bu prensibi temel alan benzer uygulamalar

incelenmektedir.

Ozellikle ¢ift yonlii "MOSFET" anahtarlariyla entegre edilen anahtarlamali jiratorler, dort
bolgeli calisma modlar1 sayesinde enerji transferinde biiyiik bir esneklik saglar ve sistem
kararliligini artirir. Bu  Ozellikleri nedeniyle anahtarlamali jiratorler, gelecegin enerji
sistemlerinde kritik bir rol oynayabilecek ve yeni nesil teknolojiler arasinda yer almaya
adaydir. Bu teknoloji, enerji sebekelerinin daha esnek, kararli ve verimli ¢alismasina dogrudan
katkida bulunmaktadir.

Anahtar Kelimeler: Anahtarlamal Jirator, Enerji sistemileri, Kompanzasyon, Reaktif
gii¢, Harmonik Filtre.
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ABSTRACT

APPLICATIONS OF THE SWITCHED GYRATOR IN ENERGY SYSTEMS

Ali Napeyda

The electric power systems is a rapidly growing and increasingly complex structure. In this
systems, ensuring a reliable and stable energy supply to balance generation and demand is of
great importance. Additionally, the effective and efficient operation of all system components
plays a critical role. However, with the increasing load demand and the integration of large-
scale renewable energy sources, issues such as irregular power flow distribution, line
overloading, increased losses, and reduced power transmission have emerged. These problems

lead to the weakening of the grid.

Weak grids have two fundamental characteristics: high grid impedance and rich background
harmonics. These characteristics create significant challenges for system stability and

efficiency, negatively impacting the performance of the electric power system.

One of the primary issues encountered in power transmission systems is reactive power
imbalance and transmission losses. This situation can adversely affect system stability and
power quality. Reactive power compensation is an effective method used to address this
imbalance and improve power quality. At the same time, it enhances system efficiency, reduces

energy losses, and ensures more stable grid operation.
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Before the widespread adoption of semiconductor technology, issues such as reactive power
compensation were resolved using mechanical switches. In this method, components such as
capacitors, reactors, or synchronous generators were applied to the grid. However, the use of
electromechanical switches came with several disadvantages. Among these, the slow response
times and the eventual wear and tear were prominent issues. This situation negatively affected
the system's efficiency and reliability. Today, power electronics-based flexible AC
transmission systems (FACTS) and particularly advanced technologies like the unified power
flow controller (UPFC) enable the independent and simultaneous control of reactive and active
power in transmission lines and bus voltages. These technologies offer significant advantages
in both the static and dynamic operation of transmission lines. Moreover, such devices lead the
development of smart grids, providing an effective solution that enhances the flexibility,

stability, and efficiency of the power system.

One of the innovative applications in this field is the use of a switched gyrator to achieve
variable capacitance for reactive power compensation. This method offers advanced
technology to address issues arising from reactive power and enables more effective
management and control of power flow in power systems. Gyrators, essentially a type of active
circuit element, can optimize the relationship between reactive and active power and make

energy flow more efficient. This study examines similar applications based on this principle.

Switched gyrators integrated with bidirectional MOSFET switches, in particular, provide
significant flexibility in energy transfer and enhance system stability through their four-
quadrant operation modes. Due to these features, switched gyrators are poised to play a critical
role in future energy systems and are candidates to be among the next-generation technologies.
This technology directly contributes to making energy grids more flexible, stable, and efficient.

Keywords: Switched Gyrator, Energy Systems, Compensation, Reactive Power,
Harmonic Filter.
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