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1. PROJE RAPORU

Ozet

Bu caligmada reaktif gii¢c ceken yiiklere sahip enerji dagitim sistemini kontrol etmek amaciyla bir
enerji izleme ve kompanzasyon sistemi gerceklestirilmektedir. Sistemin akim, gerilim, aktif ve reaktif
gii¢, gilic katsayis1 degerleri bilgisayardan anlik izlenerek ve analiz edilerek belirli araliklarla veri
tabanina kaydedilir. Veri tabanina kaydedilen degerler istenildiginde geriye doniik raporlanabilir,
grafiksel olarak sunulabilir. Enerji izleme ve kontrol konularinda ulusal ve uluslar arasi yapilan
caligmalar incelenmis, literatiirdeki calismalardan farkli olarak kablolu takip yapilarak, diger tiim
caligmalarin tamami saglanmakla birlikte sistemde hassasiyet, islevsellik ve gorsellik 6n planda
tutulmaya calisilmaktadir. Bu nedenle yiiksek oranda oOrnekleme alabilme ozelligine sahip Veri
Toplama kart1 kullanilmaktadir. Ayrica ara yiiz tasarim i¢in gorsel bir programlama dili kullanilarak
ozgiin etkili bir enerji izleme ekrani1 tasarlanmistir. Raporlama sistemi sayesinde kullanici bilgisayar
basinda bulunmadigi zamanlarin enerji degerlerini kolayca inceleyebilme olanagina sahip olacaktir.
Enerji kalitesinin artirllmasi amaciyla gii¢ sistemi dalgalanmalarini etkili bir sekilde soniimlendiren ve
sistem kararliligin1 artiran Sabit Kondansatorlii Tristor Kontrollii Reaktor ile kompanzasyon

gerceklestirilmektedir.

Abstract

In this study, monitoring of energy and compensation system is implemented in order to control
power distribution system that have loads which consuming reactive power. Current, voltage, active
and reactive power and power factor values of the system are monitored, analyzed and periodically
recorded in the database. The values recorded in the database can be reported retrospectively or
submitted graphically. National and international studies about energy monitoring and control subjects
were examined, as a difference from the studies on the literature the wired observation is realized. In
addition to providing all of the other studies, precision, functionality and visuality are aimed to be
kept in the forefront. For this purpose, a data acquisition card that capable of receiving high rate
sampling is used. Also, an effective energy monitoring interface screen is designed using a visual
programming software. Users have the ability to examine the values of energy at any time intervals by
reporting system. In order to increase the quality of the energy, the compensation with Fixed Capacitor
Thyristor Controlled Reactor is realized that extinguishes fluctuations in the power system effectively

and increases system stability.
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Projenin Amaci, Onemi, Kapsami ve Yapilan Cahsmalarin Belirtilmesi

Enerji kalitesini dogrudan etkileyen parametreler olarak gerilim ve akimdaki kisa ya da uzun siireli
degisimler, darbeler sayilabilir. Enerji sisteminde meydana gelen harmonik kirliligi, ozellikle gii¢
elektronigi elemanlarmin yaygin kullanimi ile giderek artis gostermektedir. Bu distorsiyon sonucu
olusan olumsuzluklarin g6z Oniinde tutulmasi bakimindan, enerji kalitesinin takibi ve harmonik
sinirlamanin yapilmasi geregi ortaya ¢ikmaktadir.

Enerji dagitim sistemine devamli olarak yeni yiikler eklendigi de g6z 6niinde bulunduruldugunda
enerji parametrelerinin takibinin ve kaydinin bir zorunluluk oldugu goriilmektedir. Bu ¢calismada enerji
dagitim sistemini kontrol etmek amaciyla enerji izleme ve kompanzasyon = sistemi
gerceklestirilmektedir. Sebekeye baglanan sistemde gerekli akim ve gerilim bilgileri okunarak,
eszamanli Ornekleme alma Ozelligine sahip bir veri toplama kart1i araciligiyla bilgisayara
aktarilmaktadir. Sistemdeki akim, gerilim, giic, giic katsayis1 degerleri bilgisayardan anlik izlenerek
belirli araliklarla kaydedilmektedir. Veri tabanina kaydedilen degerler geriye doniik raporlanabilmekte,
grafiksel olarak sunulmaktadir. Elde edilen sonuglara uygun olarak yine veri toplama kart1 iizerinden

sistemin kompanzasyonu gergeklestirilmektedir.

Projenin Yontemi
Proje dort ana agsamadan olugmaktadir. Bunlar;

a) Akim, gerilim okuma, sifir gecis kartlarinin tasarima,

b) Veri toplama kart1 araciligi ile sistemden gerekli bilgilerin okunmast,

c) OPC server haberlesme araciligiyla bilgilerin bilgisayara aktarilmasi,

d) Kullanic1 ara yiiz ekranlarinin hazirlanmasi, verilerin gercek zamanli analizlerinin yapilip
grafiklerinin ¢izdirilmesi, veri tabanina kayitlarin gerceklestirilmesi,

e) Tristor kontrollii reaktor tizerinden sistemin kompanzasyonunun gerceklestirilmesi.

Projenin ilk basamaginda, oncelikli olarak elektrik sebekesinden enerjinin giivenli ve hizli bir
sekilde izlenebilmesi icin gerekli donanimlar tasarlanmistir. Sebeke akiminin izlenebilmesi i¢in akim
O0lcme karti, gerilimin degerinin okunabilmesi i¢in gerilim 6l¢gme karti, akim-gerilim sifir gecis ani
tespit kartlar1 ve izolasyon amaciyla optokuplorlii role karti tasarlanmistir. Tasarlanan kartlarin test
edilmesi i¢in gecici olarak mikrodenetleyici tabanli analog okuma devresi kurulmus ve kartlarin
optimizasyonu saglanmustir.

Projenin ikinci basamaginda, 6lgme kartlarindan gozlemlenen verilerin Veri Toplama kart1 ile
toplanarak analiz edilecegi ve kaydedilecegi bilgisayara aktarilmasi gerceklestirilmistir.

Projenin iiciincii basamaginda, cesitli gorsel ara yiiz hazirlama yazilimlar1 denenerek kullanict

dostu, dzgiin bir kullanici ara yiiz programi hazirlanmistir.
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Projenin son basamaginda, sistemden alinan aktif ve reaktif giic verileri 1s183inda Sabit
kondansatorlii tristor kontrollii reaktdr devresi icin gerekli anahtarlama oranlari hesaplanip gii¢

katsayis1 optimum degerlere getirilerek gii¢ kalitesi artirilmaktadir.

Projenin Sonuclari / Bulgulari (En fazla 5 sayfa olmalidir.)

Sebekeden kullanima sunulan enerjinin yonil ve siddeti siirekli degisen siniisoidal alternatif akim
dalga formundadir. Enerjinin izleme sistemleriyle takip edilmesi istendiginde bazi islemlerin
uygulanmasi gerekmektedir. Oncelikle verilerin genligi 6lciilebilir araliga indirgenmelidir. Dalga sekli
alternatif akimdan dogru akima doniistiiriilmelidir. Bu boliimde enerji parametrelerinin izlenmesi i¢in

yapilan uygulama devreleri ve agiklanmistir.
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Sekil 1.1. Gergeklestirilen ¢caligmanin blok diyagrami

Sekil 1.1°de gergeklestirilen uygulamanin blok diyagrami goriilmektedir. Sebekeden ¢ekilen gerilim
ve akimlar sensorler yardimi ile akim gerilim okuma kartlarina girilerek analog degerlerin
denetleyicinin algilayabilecegi seviyelere getirilmesi saglanmistir. Sifir gecis detektorii sistemin faz

farkinin algilanmasi icin siniizoidal dalgalar1 kare dalga bigimine ¢evirmistir.

Veri Toplama Karti

Bu calismada PIC ve PLC lere gore daha hizli iglem yapabilen, es zamanli 6rnekleme alma 6zelligi
ve ¢Oziiniirliigiiniin yiiksek olmasi sebebi ile veri toplama kart1 tercih edilmistir. Calismada kullanilan
veri toplama kartinin 6zellikleri su sekildedir;

. Bilgisayarin PCI bus kanalindan calisir.
. Bagimsiz es zamanli 6rnekleme alan 8 Analog/Dijital kanali vardir.

. 16 bit ¢oziiniirliikte doniisiim gergeklestirir.
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. 500 kS/s veri 6rnekleme oranina sahiptir.

. 2 adet 12 bitlik analog cikisa sahiptir.

. 32 dijital giris ¢ikis kanali vardir.

. 3 Adet 16 bit sayic1 mevcuttur.

. Windows XP uyumlu. Visual Basic, C++, Delphi, LabView, DasyLab, MATLAB DAQ
Toolbox yazilimlarina uyum saglamaktadir.

Bilgisayarin PCI-Express yuvasi ¢ok yiiksek hizda (~ 2 Gbps) seri yollar calistirmaktadir. PCI
Express her yonde bu seri baglantilarin 16 kadarina izin verir. Tam bir PCI Express uygulamasinin
toplam olas1 veri aktarim hizi her iki yonde 32 Gbps olmaktadir. Analog girisler, sicaklik, basing, debi,
gerilme gibi voltaj ve akim direkt dl¢iimii gibi Ol¢iimleri igerir. Analog girisler bir A / D (Analog-
dijital) cevirici tarafindan Ol¢iim yaparlar. Analog bir giris sinyaline baglanir, analog girisi Olcer ve
daha sonra bilgisayar tarafindan kullanim i¢in uygun sayisal bir forma doniisiimii saglar. Bir A / D
giris kanalinin ¢oziiniirliigii farkli olas1 Slgiim sayist veya araligi tammlar. 16-bit ¢oziiniirliik 2'° veya
65,536 sayisina karsiik gelir. Olciimlerde en ufak degisim bir bittir. Miihendislik birimlerinde
cOziiniirligl belirlemek i¢in, giris araligini ¢oziiniirlikk degerine boleriz. 0-10 Volt giris aralif ile 16-
bitlik bir giris, 10 V / 210 veya 152,6 mikrovolt saglar.

Uc faz akim ve gerilimlerin algilanmasi icin 6 adet analog kanala ihtiya¢ duyulmaktadir. Ayrica
diger denetleyicilere gore yiiksek ¢coziiniirliiklii analog deger okunmasi sebebi ile daha hassas akim ve
gerilim Olctimleri gerceklestirilmektedir. Veri toplama kartinin yiiksek hizli caligmasi ile sistem
parametrelerinin hizhi algilanmasi saglanarak sistemde meydana gelen degisikliklerin anlik olarak
izlenmesi saglanmaktadir. Sekil 1.4’de kartin yazilim iizerinden calistirilmasi i¢in tanimlanmasi

gereken yapilar goriilmektedir.
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Sekil 1.4. Veri Toplama Kartinin Framework Yapisi
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AKkim Gerilim Okuma Devresi
Analog okumanin gergeklestirilebilmesi i¢in girig sinyalleri denetleyicinin algilayabildigi forma ve

araliga uyarlanmaktadir. Analog gerilim Ol¢iim seviyesinin maksimum 10 V olmast nedeniyle
okunacak alternatif gerilimlerin genliklerinin bu araliga diisiiriilmesi gerekmektedir. Sekil 1.5°de

gerilimlerin genliklerinin diisiiriilmesi i¢in tasarlanmis uygulama devresi goriilmektedir.

Sekil 1.5. Akim - gerilim algilama ve doniigtiirme iinitesi

Alternatif gerilimlerin frekansini degistirmeden genliklerinin degistirilmesi gerektiginden her faz
i¢in ayr1 240V/5V doniisiim oranli gerilim transformatérleri kullanilmigtir. Kullanilan veri toplama
kartinin analog dijital doniisiim kanallarimin negatif gerilim uygulanmasinda zarar gérmemesi igin
gerilimlerin oncelikle dogru gerilim yapisina ¢evrilmesi gerekmektedir. U faza ait gerilim sinyalleri,
veri toplama kartinin analog girislerine uygulanarak besleme gerilimlerinin etkin degerleri
Olctilmiigtiir. Akim-gerilim algilama iinitesi {izerinde bulunan LEM HXS-50-NP tipi hall etkili akim
sensorleri ile yiikler tarafindan cekilen faz akimlari, gerilim Ol¢iimiinde kullanilan ayni yontemle
Olciilmektedir. Sensorlerin girislerine uygulanan akim degeri S0A oldugunda ¢ikis sinyalinin degeri en

fazla 5V alternatif akim olmaktadir.

Sifir gecis detektorleri
Gii¢ katsayisinin dl¢iilmesi islemlerinde gerilim ve akim bilgilerinin sifirdan ¢ikis anlari OpAmplar

tarafindan algilanilarak Olgiimler yapilmaktadir. Tasarimi gergeklestirilen sifir gecis detektoriiniin
devre semast Sekil 1.6’da goriilmektedir. Sebeke frekansindaki sinyallerin sifir gecis anlart tespit
edilecegi icin devrede eski nesil ve daha yavas calisan bir islemsel yiikselte¢ kullanilarak sistemin
yiiksek frekanslarda tepki vermesi engellenmistir. Ayrica, devre seklinde gosterilen P ayarlanabilir
direnci ile sifir gecis anlarina gore kalibrasyon yapilabilmektedir. Boylece manyetik bozulma gibi

cevresel etkilerin giderilmesi kullanic1 kontrollii olarak diizeltilebilmektedir.
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Sekil 1.6. Sifir gecis detektoriiniin devre semas

Endiiktif karakterdeki alicidan elde edilen akim ve gerilim bilgileri sifir gecis detektorii ile kare
dalga formatina getirilir. LM358 entegresinin 2 ve 6 numarali pinlerinden giris yapilmistir. LM358
entegresinin besleme gerilimi + 15 ve — 15 volt dogru gerilimdir. LM358 entegresine alternatif bir
sinyal uygulandiginda, alternatif sinyalin sifir anlarinda entegre ¢ikisi lojik olarak 1 (5 volt), alternatif
sinyalin farkli oldugu anlarda ise lojik O (0 volt) ¢ikis verir. Tasarim1 gerceklestirilen sifir gecis devresi

Sekil 1.7°de goriillmektedir.

AAAAA

i B

Sekil 1.7. Sifir gi evresi gérijﬁtsij
Sifir gecis detektorii ile elde edilen sinyaller Sekil 1.8’de goriilmektedir. Sekilden de acikca
goriildigii gibi detektor, gerilim sinyalinin pozitif kismin1 kare dalgaya cevirerek denetleyici

tarafindan olciilebilecek sekle getirmektedir.
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‘Sekil 1.8. Sifir gecis detektOJ'rij glkls si;lyél;i

Kare dalgaya doniistiiriilen gerilim sinyalinin pozitif kenarlar1 arasindaki zaman farki veri toplama
kart1 tarafindan algilanarak periyot siiresi tespit edilmektedir. Ayn1 durum akim sinyalleri i¢in de
gecerlidir. Cekilen akimin pozitif kisma gectigi anda kare dalga iiretilerek sifirdan gecis anm tespit
edilmektedir. Bu iki kare dalga aras1 gecen siire hesaplatilarak aradaki farkin derece karsiligi bulunur.

Bulunan derecenin ‘cos’ degeri alinarak da gii¢ katsayisina ulasilir.

Ara yuz Tasarimi
Bu boliimde donanim altyapis1 gelistirilen sistemde analog sinyallerin algilanmasi i¢in gelistirilen

ve bilgisayar iizerinden sistem parametrelerinin izlenmesine olanak saglayan ara yiiz sunulmustur.
Gerceklestirilen calismada veri toplama kartinin sistem parametrelerini algilamasi ve bilgisayar ile
donanim yapis1 arasindaki bagin saglanmasi icin Profi-Lab platformunda bir ara yiiz gelistirilmistir.
Cift yonlii haberlesme saglanarak bilgisayardan veri toplama kartina ve veri toplama kartindan
bilgisayara veriler gonderilmektedir.

Ara yiiz tizerinde R,S,T faz gerilimlerinin anlik degerleri, aym sekilde ii¢ faza ait ¢ekilen akim
degerleri sayisal olarak ve grafiklerle kullaniciya sunulmaktadir. Benzer sekilde aktif, reaktif ve
goriintir glic degerleri gosterilmektedir. Enerji sisteminde meydana gelen Gerilimin genliginin
azalmasi, ylikselmesi ya da kesintisi gibi durumlarda kullanict ara yiiziinde uyar1 olarak sunulmaktadir.
Baslat butonuna basildiginda veri toplama kartinin okuma yazilimi aktif edilmekte, Dur butonu ile

okuma sonlandirilmaktadir.
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TCR Calismasi
Sebekeye cesitli reaktif giic tiiketicileri baglanarak degisen yiikler karsisinda giic katsayisinin

hedeflenen degerde tutulmasi amaclanmaktadir. Kapasitesi sabit tutulan bir kondansator ile akimi
kontrol edilen bir reaktorden olusur. Tristorlerin yardimiyla reaktor akimi gerekli olan degerlere
ayarlanarak sistemin gii¢ katsayis1 siirekli olarak ayarlanabilir. Endiiktif deger i¢in sistemden reaktif
gii¢ cekilirken, kapasitif ¢calisma durumunda ise sisteme reaktif gii¢c enjekte edilir. Kontrol isleminde,
kontrol edilen gerilim referans gerilimi ile karsilagtirilarak hata isareti kontrol elemanina gonderilir.
Hata sinyalinin biiyiikliigiine gore yeni tetikleme acgist belirlenir. Tetikleme agisina gore TCR ile

sisteme aktarilan veya sistemden c¢ekilen reaktif giic degeri degistirilerek sistem geriliminin kontrolii

yapilir.
SVC reaktif giicii;
pl
Qsve= e
X

X,
Burada Xv, TCR reaktansidir. SVC tasariminda Oncelikle kapasitér degeri belirlenir. Sistemde SVC
yok iken gerilimin belirlenen minimum degerde tutulmasi i¢in gerekli olan kapasitif reaktif gii¢
hesaplanir. Gerekli olan bu giic, SVC’nin maksimum kapasitif giiciidiir. Kapasitdr degeri pu olarak

belirlenir.

Sonra SVC’nin endiiktif ve kapasitif ¢alisma araligimma gore belirlenen XC/XL oranina bagli olarak
TCR endiiktansinin reaktansi belirlenir.

Tetikleme acis1 minimum degerine ulastiginda referans gerilim degeri artirilarak kontrole devam edilir.
Tetikleme acis1 maksimum degerine ulastigni zaman referans gerilim baslangic degerinin altina
cekilerek kontrole devam edilir.

Her iki durum referans gerilimin baslangic degerine esitleninceye kadar devam ettirilir. Gerilimin
Vmin-Vmax araliginda kontrolii, reaktif giicin QmaxC ile QmaxL ve akimin Imax araliginda

degismesine neden olur.
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2. PROJE BUTCESI OZET BILGILERI

Proje Siiresi: 12 Ay
Baslama Ek Siire Dahil | L°Plam Proje
o s Bitis Tarihi Ek Siire (Ay) . o . Siiresi
Tarihi Bitis Tarihi (Ay)
11.07.2011 11.07.2012 6 11.01.2013 18
Proje Biitcesi: 8000 TL
Harcanan Kalan EKk Biitce
8000 TL 0TL 1600 TL

3. PROJE CIKTILARI

Yazih Uriinler

Proje kapsaminda olusturulan deneysel calisma altyapisi ile hazirlanan ve EK 1’de goriilen
“Monitoring The Quality of Electrical Energy and Improving It Using Thyristor Controlled Reactor”
baslikli bildiri “International Conference on Renewable Energy Research and Applications (ICRERA
2012)” konferansinda 11-14 Kasim 2012 tarihlerinde sunulmustur. ilgili yayma IEEE Explorer
sayfasindan DOI:10.1109/ICRERA.2012.6477326 numarasi ile de erismek miimkiindiir.

Proje Konusu Olarak Yiiksek Lisans veya Doktora Konusu Olan Tezler

Gazi Universitesi Fen Bilimleri Enstitiisii Elektrik Egitimi Boliimiinde devam etmekte olan
“Elektrik Enerji Kalitesinin izlenmesi ve Gii¢ Katsayisinin Tristor Kontrollii Reaktor iizerinden
diizeltilmesi” baslikli yiiksek lisans tezinin biiyiik bir kismini olusturmaktadir.

Yazilim ve Donanim Uriinleri;
(Proje sonucunda ortaya c¢ikan yazilimlar listelenerek, donanim iriinleri ise sema veya
resimlendirilerek sunulmalidir.)

Akim Gerilim Okuma Karti
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Sifir Gecis Karti

Tristor Kontrolliit Reaktor Devresi
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Tristorler ve siiriiciileri

Reaktorler

Kondansatorler

Proje Sonunda Ortaya Cikan Uriin Hakkinda Bilgiler
(Proje sonunda ortaya cikan iiriine ait teknik resim, prototip fotograflari, uygulama sekilleri ve teknik
ozellikleri belirtilir.)

Universiteye, Ulkeye ve/veya Bilime Saglanan Katkilar
Bu boliime proje faaliyetleri neticesinde elde edilen yararlar eklenmelidir
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4. PROJE YURUTUCUSU TARAFINDAN YAPILACAK GENEL
DEGERLENDIRME

(Bu boliimde, projenin kabuliinden itibaren gecen siire ve siirecler, elde edilen bilgiler, bulgular, ¢iktilar ve
sonuclar genel olarak degerlendirilir. Bu kismin sonunda BAP siiregleri ile ilgili 6neriler de BAP
Komisyonuna iletilmek iizere sunulabilir.)

Bilgisayarin PCI bus haberlesme portu iizerinden alinan veriler yazilim tarafindan anlik
izlenerek, analiz edilip grafiksel ve gorsel sekilde kullaniciya sunulmakta ve belli periyotlarla
kaydedilmektedir. Olgiim yapilan gii¢ sistemine ait gerilim ve akim egrileri, gerilim ve akima ait
etkin degerler zamana baglh olarak ekranda goriintiilenmektedir. Bunlara ilave olarak, giic faktorii
tespit edilerek ve giic degerleri hesaplanarak bunlarin zamana bagl olarak ekranda gosterilmesi
saglanmistir. Veri tabaninda kaydi tutulan degerlerin geriye doniik raporlari, yazicidan ciktilart
alabilir.

Tasarlanan ¢alismada, literatiirdeki ¢alismalardan farkli olarak kablolu takip yapilarak, diger
tim caligmalarin tamami saglanmakla birlikte sistemde hassasiyet, islevsellik ve gorsellik 6n
planda tutulmaya calisilmaktadir. Bu nedenle yiiksek oranda 6rnekleme alabilme 6zelligine sahip
DAQ kullanilmaktadir. Ayrica ara yiiz tasarimi i¢in yeni nesil yazilimlar kullanilarak kullanici
dostu, 0zgiin bir enerji izleme ekrani tasarlanmistir. Bilgisayar ara yiizii ve sistem arasinda ¢ift
yonlii, hizli ve giivenli iletisim saglamak i¢in OPC server haberlesme yapisindan
faydalanilmaktadir. Gergek zamanli olarak Ol¢iim, analiz ve izlemenin yani sira ayni zamanda
kullanicinin  kontrol etmesine imkan saglamaktadir. Raporlama sistemi sayesinde kullanici
bilgisayar basinda bulunmadigr zamanlarin enerji degerlerini kolayca inceleyebilme olanagina
sahip olacaktir. Enerji kalitesinin artirllmast amaciyla gii¢ sistemi dalgalanmalarint etkili bir
sekilde sondiiren ve sistem kararliligini artiran TCR ile kompanzasyon gerceklestirilmektedir.

Yari iletkenlerin kullanilmasiyla gerceklestirilen SVC elemaninin caligma prensibi; kondansator
ve/veya reaktorlerin, hesaplanan tetikleme acilarina bagh olarak sebekeye sokup c¢ikarilarak,
degisken degerli sont empedans elde etmeye dayanir. Uygun tetikleme ile statik VAr generatoriiniin
baglh oldugu barada maksimum kapasitif reaktif giic degerinden, maksimum endiiktif reaktif gii¢

degerine kadar genis bir aralikta reaktif gii¢ ayari yapilabilir.
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1. EKLER

EK 1. Devrenin Genel Goriiniisii

Monitoring The Quality of Electrical Energy and Improving It
Using Thyristor Controlled Reactor

Abstract - In this paper, an experimental application focused on
energy quality observation is developed and power factor
correction for the electrical power systems is simulated. The
required parameters are obtained from the system by electronic
cards and then transferred to the computer. As the controller a
(DAQ) Data acquisition card is used and also a user-friendly
interface is prepared for computing and managing all of the
information to show power quality, event detection and power
metering. The interaction between user interface and the system
is supplied via OPC server communication. Powerful capabilities
for the measurement, analysis and monitoring of electrical
energy has been obtained by using real-time data.

Keywords ; Energy quality, DAQ, OPC server, Power factor
correction.

Introduction
Power Quality has been a problem ever since the
conception of electricity, but in the last three decades it has
received considerable attention from researchers and industry.
Increasing integrated circuit densities, faster processor and
communication speeds, increasingly sensitive equipment,

commonly usage of Programmable Logic controllers, energy-
efficient lighting, adjustable Variable Speed Drives and Shunt
Capacitors for Power Factor correction are simultaneously the
major causers and the major victims of power quality
problems. There is an awareness of power quality issues by
end-users that put an additional pressure to power utilities. The
ultimate reason for increased awareness of Power Quality
issues is an economic value [1-2].

Definition of energy quality in electric power systems is
used for the changes and deformities of voltage, current and
frequency waveforms. The electric utility companies should
supply their customers with a supply having a constant
frequency equal to the fundamental frequency, 50/60 Hz, and
having a constant magnitude. The presence of harmonics in the
voltage or current waveform leads to a distorted signal for
voltage or current, and the signal becomes non-sinusoidal
signal. These non-sinusoidal quantities can create serious
harmonic distortions in transmission and distribution systems.
Recently, parallely with the widespread usage of modern and
sensitive loads in the production and consumption processes,
impact of deformities in the waveform on these systems is
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getting increase. Harmonic distortion, the effect of the notch,
voltage sag, voltage rise, short/long interruptions can be given
as examples of power quality disturbances in power systems
and they cause particularly sensitive loads to malfunction, an
increase of energy losses in transformers and motors and circuit
protection elements on malfunction. Before taking the
necessary cautions, supplies and reasons of such distortions
should be specified. Especially if the type of degradation is
classified correctly the effects of it can be described, the source
can be analyzed and appropriate solution methods can be
developed [3]. Various projects around the world are under
way and they are looking at how to collect data to detect and
analyze power quality problems by using microcontroller,
DSP, PLC, FPGA or DAQ [4-5].

Possibly the best way of presenting results of voltage
monitoring is to use CBEMA curve. Any event that may lead
to equipment malfunction is clearly shown as the point outside
the CBEMA envelope created by the Computer and Business
Equipment Manufacturer’s Association. This standard specifies
the minimum withstanding capability of computer equipment
to voltage sags, micro interruptions and over voltages [1-2].
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Figure 1. CBEMA curve
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This curve, although substituted recently by ITIC
Information Technology Industry Council curve (ITIC) is a
reference in the area of PQ. As shown in Fig. 2 when the
voltage is within the limits determined by the shaded zone, the
equipment should function normally. When the voltage is
comprised on the zone below the permitted zone, the
equipment may malfunction or stop. When the voltage is
comprised in the upper prohibited zone, besides equipment
malfunction, damage on the equipment may occur[1-2].
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Figure 2. ITIC curve

Other standardization organizations (IEC, CENELEC,
IEEE, etc) have developed a set of standards with the same

purposes. In Europe, the most relevant standards in PQ are the
EN 50160 (by CENELEC) and IEC 61000.

In this study, energy parameters are gathered from the
system via a data acquisition card and sent to user interface by
the help of OPC server communication structure. Over the
interface, the parameters of current, voltage, power factor and
power values of the three phase energy system are observed.
Also a static VAR compensator examined for various
operational conditions. Not only to meet the demand for
electrical energy but also to improve its quality the thyristor-
controlled reactor configuration is searched. Use of a static
compensator with a thyristor-controlled reactor (TCR) has been
known to be an effective and reliable means to ensure power
system voltage stability.

The paper is organized as follows. Section 2 presents some
Matlab simulations and results of the compensation system. In
section 3 description of the project is given with details of
study and monitoring carried out. And conclusions are given in
Section 4.

Thyristor Controlled Reactor Design

Figure 3. A basic model of the TCR

Equivalent impedance can be changed as adjusting the
firing angle of thyristors between specified limits as inductive
or capacitive. Reactor current is controlled triggering angle of
thyristors. A voltage in the form of V = Vm.sin(wt) is applied
as a source, the reactor voltage becomes:

V1 =L.di/dt (1)

As long as the thyristor is conductive V1 becomes equal to
V. The current in circuit for any firing angle:

I=(Vm/wL)(coso. — cos wt) )

The load current is followed 90° back from the voltage
while AC chopper is triggered between the 0 <a <90 range. In
this case, the effective value of load current is

IL=V/(wL) 3

This current is the effective value of the main harmonic in
the Fourier analysis. Current control can only be adjust in the
90<0<180 ranges. The increasing firing angle makes the
current waveform away from Sinus. The effective value of
inductance:

Le=V/(wIL1) @)
As a result, the following equation is obtained [6-11] :

IL1( a)= (2 ®-20-Sin2a). V/ (awL) 5)
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Figure 4. A simulink model of the capacitive charactered circuit without
compensation

As shown in the Fig 4, the circuit without compensation
provides high amount of reactive power to network. To test the
simulation some reactive loads are added to the network during

specified time intervals.
rl ‘_’IZIE
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Figure 5. Load group of the system

TABLE 1. LOAD VALUES

Load | P (W) (‘%fr) (‘%fr) (secans)
1 10 |10 100 0.2
2 10 |20 200 05
3 10 |25 300 1
4 10 |30 400 L5

Loads are being added to system with time delays. For
example as shown in the Table 1, final load which is the most
capacitive has been activated 1.5 seconds after the system
started. The results when the loads that is shown in Table 1 was
added to the system with intervals is shown in Fig 5.

anitgue

’ﬂ Continuous.

MATLAR Funcion

Figure 6. A simulink model of the compansed circuit with compensation

With load installs which is particularly activated in specific
seconds power consumption of the total load changes. For each
changes of this value firing angle of thyristors must be
calculated again to compansate the reactive power
consumption. In this case, to meet the changing capacitive
power the embedded matlab function block calculates and
generates the alpha trigger angle which produces inductive
power as shown in Fig 7.
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Figure 7. The reactive power value and the the firing angle of the circuit
while the capacitive load increasing

Application of the system and Experimental

studies

A) HARDWARE STRUCTURE

A measurement circuit is designed to reduce current and
voltage signals to the appropriate level of DAQ. Circuit of the
designed measurement card is shown in Fig 8. To obtain
required current signals, three HXS-50-NP model hall effect
current sensors which are the product of the LEM firm are used
in the circuit. Nominal current value of this current sensor is
50A. When the current value applied to the primer is 50A, the
seconder output should be designed for a maximum 5V AC
voltage. Also voltage transformers that have a 240V / 5V
conversion rate is used for the voltage measurements.
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Figure 8. Three-Phase Current and Voltage Measurement Card

After the signals are reduced to measurable level they are
converted into square wave signals with the help of a zero
crossing detector. While the voltage signals of each phase
passing from zero point, this detector generates logic-1 signal.
These converted square signals are applied to the DAQ input
channels and power factor values between the voltage and
current signals are calculated by the software during the
operation.

Figure 9. The PD2-MFS-8-500/16DG model PowerDAQ

In order to provide measurement and control operations
over the user interface, required signals are gathered with high
data speed and simultaneously by the PowerDAQ PD2-MFS-
8-500/16DG model data acquisition card which is a product of
Universal Electronic Industries and shown in Fig 9. Multi-
function PowerDAQ cards maintains a built-in Digital Signal
Processor, and thanks to this feature, real-time transactions
can be made on all /O sub-systems provided without the
intervention of an external software or hardware. The card is
attached to the PCI bus and capable of 8 channel simultaneous
sampling analog input. It has 500 Ks sampling rate per second
and 8 analog input channels that uses 16-bit converter, 2
analog output channels, 16 digital output channels, 16 digital
input channels, and 3 counter/timer system that can be used
independently.

B) SOFTWARE STRUCTURE

1. Profi-Lab Expert Program

The interface program establishes a communication
between PC and DAQ in real-time via the OPC Server and it is
prepared with the Profi-Lab Expert software package. This
program provides a real-time monitoring of the process via
OPC Server and the intervention procedures are performed
from the centers as needed, either directly or within a program.
The images of objects used at the interface (for instance
measuring instruments) are identical to those used in industry.

Therefore it makes the program valuable from other similar
programs. Its visualities make a good contribution to computer-
controlled systems. Profi-Lab Expert program can
communicate with internal / external DAQ cards or PLCs via
OPC server, an external hardware through serial port or parallel
port easily and offers the user a visual interface preparation.
Apart from the other programming languages such as C#, Java
or Delphi, there is no need to write any code, this software
provides creating projects just drawing wiring diagrams
simply. Thereby it provides the ease of usage with many
different toolbox and allows to develop complex digital or
analogue measuring technology projects. The data exchange in
this software is quite fast and safe. In addition, it offers the
opportunity to make an electronic circuit simulation as like
Orcad, Proteus programs.

2. OPC (Ole for Process Control)

OPC is a software interface that allows industrial devices to
communicate with each other. The communication block of
OPC Server is shown in Fig 10. It allows both read and write
operations simultaneously. Additionally it can be operated
with an integrated form with the interface programs such as
C++, Visual Basic, Delphi, Java, Visual C# programming
languages.

R

OPC CLIENT

DAQ OPC SERVER

Measurement
Circuit

Figure 10. Communication Block of OPC Server

The products of different companies can be communicated
with each other in a same platform and decrease the cost of the
systems and also reduces the complexity of the code.
APPLICATION

When user open the interface, before running the program
the interface screen is shown Fig 11. It displays parameters of
power grid and shows the operating status of the energy
system such as voltages, currents and power factors of the
phases, active-reactive-apparent power values of the system
and faulties. These faulties comprises voltage sags or spikes,
interruptions, current unbalances. User can observe the
parameter changes momentarily.

When user runs the Profi-Lab program, user interface
establishes the connection with DAQ via OPC server and
parameters of energy system begin to come with intervals of
100 miliseconds and seen in user interface both graphically
and digitally as seen on the Fig 12.
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Figure 11. User Interface screen before running the system
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Figure 12. User Interface screen after the OPC server connection established

In this interface, user can observe current, voltage, power
factor of three phase energy system. Thanks to Profi-Lab’s
flexible program structure and effective display components,
the graphics are zoomable and recordable. Also, the system
operating situations are being detected by the result of some
advanced programming techniques. Block diagram of the
system is shown in Fig 13.
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Load

Interface and Database
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Figure 13. Block diagram of the realized system

CONCLUSION
Increasing energy demand and the need to provide the
necessary power quality requires some extensive works. The
development of power electronics leads the development of

compensation techniques and these systems are also becoming
increasingly intelligent.

In this study, instantaneous events, power factors, current
and voltage waveforms in a power system are continuously
monitored and reactive power compensation is simulated. The
data is collected in real time from the system and demanded
values are shown graphically and numeric on the user interface.
The required firing angle for thyristor is calculated after the
collected data is analyzed.

Consequently, the reactive power compensation which is
using the contactor causes deteriorative effects for the network
such as excessive currents and voltages, harmonics but
thyristor controlled static VAR systems eliminates such these
negative effects.
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