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TICARI BiR GEMIDE KISA DEVRE AKIMI HESAPLARI
OZET

Gemilerde giinden giine elektrik enerjisi ihtiyaci artmaktadir. Gemideki elektrik
enerjisi ihtiyaci gemi tipine ve tahrik sistemine gore degismektedir. Giig ihtiyacini
karsilamak i¢in iki veya daha fazla ana generator kullanilmaktadir. Ana generatorler
elektrik enerjisini iiretir. Uretilen elektrik enerjisi de ana dagitim tablosundan tiim
elektrik yiiklerine dagitilir. Gemi elektrik gugc sistemi, elektrik enerjisinin Gretilmesi
ve dagitimi ile ilgili tiim techizati kapsamaktadir.

Gemi ve kara elektrik gii¢ sistemi arasinda farkliliklar bulunmaktadir. Bu farkliliklar
arasinda en belirgini gemi elektrik gii¢ iiretim ekipmanlari ile tiiketiciler arasindaki
mesafenin oldukg¢a kisa olmasi ve sistemin algak gerilim olmasi, kablo direnci ve
reaktansi az oldugundan kisa devre akimini etkilemesidir.

Gemi elektrik gii¢ sisteminin belirlenmesi i¢in gerekli adimlar, generator kapasitesi
ve sayisini belirlemek igin yiik analizi yapilmasi, gemi ana gerilim seviyesi ve
frekansinin belirlenmesi, akim tasima kapasitelerine ve gerilim diisiimii hesaplarina
gore besleme kablolarinin kesitlerinin belirlenmesi, kisa devre akimi hesaplar
yapilmasi ve koruma elemanlar1 ve onlarin kesme kapasitelerinin belirlenmesidir.
Generator kapasitesi ve sayisini belirlemek igin yiik analizi yapilir. Gemilerde
kullanilan t¢ fazli gerilim seviyeleri 440V-480V-690V-3.3kV-6.6kV vb. gibidir.
Gemi gerilim seviyesi i¢in ¢aligmalara yilik analizi ile baglanir ve talep edilen giic
bulunur, gerekli generator, transformator kapasiteleri belirlenir. Ana dagitim
tablosundaki kisa devre akimlar1 hesaplanir. Kisa devre analizi, gemi elektrik glic
sistemindeki uygun koruma elemanlarinin belirlenmesi i¢in 6nemli ve gereklidir. Bu
analizler sonucunda geminin giivenli seyrine imkan verecek sekilde gemi elektrik
sistemi tasarimi1 yapilmaktadir.

Bu calismada ele alinan gemi algak gerilim elektrik dagitim sistemi olan bir balik¢i
gemisidir. S6z konusu gemi elektrik sisteminde kisa devre akim hesaplari
incelenmistir. Kisa devre akim hesaplart i¢in Oncelikle gemi elektrik sisteminde
farkli ¢aligma durumlarinda yiik akis analizi yapilmigtir. Gemi elektrik sistemi kisa
devre analizi yapilirken farkli noktalardaki ve farkli g¢alisma durumlarindaki
maksimum ve minimum kisa devre akimlari hesaplanmistir. Maksimum simetrik kisa
devre akimi hesabt IEC 61363 standardina goére yapilmistir. Kisa devre akim
hesabinin ana amaci sistemdeki belirli noktalarda kisa devre akimini belirlemek ve
kisa devre akim kapasitesine uygun koruma elemanlarin1 segmektir. Elde edilen
sonuclara gore ana dagitim tablosu tasariminda gerekli ana koruma elemanlari
secilmistir. Ornek gemi elektrik sistemi icin yiik akis analizi ve kisa devre analizi
ETAP programi kullanilarak  yapilmistir ve yapilan analiz  sonuglar
degerlendirilmistir.
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CALCULATIONS OF SHORT CIRCUIT CURRENT IN ELECTRICAL
POWER SYSTEM FOR A COMMERCIAL VESSEL

SUMMARY

The electrical power demand aboard ship increases according to its day to day
operational needs. The electrical power demand will vary according to the ship type
and propulsion system. To meet the power demand, two or more main generators are
used. The main generators generate the electrical power and supply the main
switchboard. The function of a ship's electrical distribution system is to safely
convey electrical power to every item of equipment connected to the main
switchboard. The ship electrical power system includes all equipments which are
relevant to electrical power generation and distribution.

There are many differences between the shipboard and terrestrial electrical power
system. The most significant diffeerence is that the distance between power
generating equipment and electric equipment of ships is short, and the voltage of
power supply is low, so the lower circuit impedance influences short circuit current.

The shipboard power system design generally requires the tasks which are load
analysis to define the generator size and number, selection of main voltage and
frequency, sizing the feeder cables for required ampacity and for limiting the voltage
drops, short circuit calculation, selection of protection devices and their breaking
capacities based on short circuit calculations. Load analysis is made to size the
generator capacity and number. 3-phase voltage levels in ships are 440V-690V-
3.3kVV-6.6kV etc. Starting with the load balance, the power required is calculated,
necessary size of generators and transformers is selected. The short-circuit current of
the main switchboard is calculated. Short circuit current analysis is essential and
important for selection of proper protection devices. According to the analysis,
shipboard electrical power system is designed to allow securely cruising of the ship.

In this study, a fishing vessel which has low voltage electrical power distribution
system is studied. Short circuit current calculations in ship electrical power system is
examined. Load flow analysis is carried out under different ship operational
conditions for the short circuit current calculations. Maximum and minimum short
circuit currents in ship electrical power system is calculated on different buses in ship
distribution system under different operational conditions. 3-phase short circuit
current calculation is carried out, in compliance with the prescriptions of the Std.
IEC 61363. The short circuit analysis is often required to estimate the short circuit
currents in different buses in the system to determine the proper capacities of
protection devices. According to the short circuit analysis results, the main protective
devices which are important and necessary for design of the main swtichboard are
selected. Load flow analysis and short circuit analysis for the fishing vessel electrical
power system are performed by using ETAP program. The analysis results are
explained.
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1. GIRIS

Ikinci diinya savasina kadar gemilerde kullanilan elektrik makinalarmin ve tesisat
malzemesinin karada kullanilanlardan pek farki yoktu. Tarihe karigmis gemilerde
kiigiik kapasiteli diisik gerilimli (60V) basit dogru akim generatorleri, ilkel telsiz
telgraf cihazlarindan yararlanmak icin kullanilirdi. Ikinci diinya savasindan bu yana
elektrigin gemilerde dnemli bir yer almasi ile gemilerde 5-10kW’lik generatdrlerin

yerlerini bu giin binlerce kW’lik generatorler almaya basladi [1].

Gemideki yardimcei sistemler makine dairesi pompalari, kompresorler, fanlar, giiverte
vingleri ve irgatlardan, genel aydinlatma, havalandirma ve yiyecek-igecek hizmetine
kadar tiim ekipmanlar1 kapsamaktadir. Aydinlatma ve diger diistik gii¢lii yardimci
sistemler 110V veya 220V ile caligirlar. S6zkonusu gerilim seviyeleri ana besleme
kaynagma bagli indirici transformatorlerden elde edilir. Geminin agik giiverte
bolgeleri, makine dairesi ve yasam mahalleri kullanilacagi yere uygun farkli tiplerde
aydinlatma armatiirleri kullanilarak yeterli seviyede aydinlatilir. Ayrica gemide gida
depolama, yemek pisirme ve hazirlama hizmetleri ile beraber, havalandirma ve
camasirhane hizmetleri gemi personeli i¢in oldukc¢a onemlidir. Elektrik enerjisi tiim
bu yardimci sistemlerde kullanilmaktadir. Gemilerdeki elektrik enerjisi sistemi tim
ylklere uygun koruma elemanlar1 ile gilivenli bir sekilde elektrik beslemesi
saglamaktadir. Ayrica personelin giivenligi de saglanmaktadir. Gemideki elektrik
guc talebi gemi tipine (tankerler, konteyner gemileri, buytk yolcu gemileri vb) ve
tahrik sistemine gore degismektedir. Gemilerde giinden giine elektrik enerjisi ihtiyaci
artmaktadir. Gii¢ ihtiyacim1 karsilamak i¢in iki veya daha fazla ana generator
kullanilmaktadir. Ana generatorler elektrik enerjisini iiretir. Uretilen elektrik enerjisi
de ana dagitim tablosundan tum elektrik yiiklerine dagitilir. Emercensi (acil durum)
generatord, acil durum akdleri ve acil durum dagitim tablosu ana gii¢ beslemesinde
bir ariza oldugunda acil durum yiiklere gerekli elektrik enerjisini saglar. Gemide
ayrica sahil beslemesi mevcuttur. Generatorlerin ¢alismadigi durumda limanda iken

gemideki yikler sahil beslemesi kullanilarak ¢aligtirilir [2].



Gemi elektrik gii¢ sistemleri kisa devre akim hesaplamalari ile ilgili birkag literatiir
calismast  bulunmaktadir. Gemide generatdr empedanslarinin  kisa devre
akimlarindaki etkisi incelenmistir [3]. Ticari gemi araglart kisa devre akimi
hesaplama igin yeni bir yaklasim gelistirilmistir [4]. Gemilerde kisa devre akim

hesaplamalarinda kullanilan standartlar ile ilgili ¢alismalar mevcuttur [5-6].

Bu tez calismasindaki amag, gemi elektrik gii¢ sistemi yapisi ile ilgili bilgi vermek
ve gemi elektrik giic sistemi tasariminda en 6nemli adim olan kisa devre akim
hesaplamalarint incelemektir. Ana dagitim tablosunda kullanilacak tiim koruma
elemanlar1 kisa devre hesabi sonucu sistemde olusabilecegi Ongdriillen maksimum

kisa devre akimina dayanabilecek sekilde secilmektedir.

Bu yiiksek lisans g¢alismasi alti bolimden olusmaktadir. Girig bolimiinde gemi
elektrik sistemi ic¢in yapilacak calisma ile ilgili genel bilgi verilmis ve tezin
amacindan bahsedilmistir. Ikinci boliimde gemi elektrik sisteminin genel
Ozelliklerinden bahsedilmistir. Gemi ve kara elektrik gii¢ sistemleri arasindaki
farkliliklara deginilmistir. Uciincii boliimde gemi elektrik gii¢ sisteminin belirlenmesi
icin gerekli adimlar ve bu adimlardan biri olan kisa devre akim hesaplamalari
incelenmistir. Dordiinct bolimde ETAP programi hakkinda genel bilgi verilmistir.
Besinci boliimde gemi elektrik gii¢ sistemi incelenmesi igin algak gerilim dagitim
sistemine sahip bir balik¢i gemisi ele alinmis ve yiik akig analizi ve kisa devre
analizleri ETAP programi kullanilarak yapilmistir. Farkli noktalarda ve farkl
calisma durumlarinda kisa devre akimlari hesaplanmistir. Kisa devre analizi
sonuglarina gore uygun koruma elemanlari se¢ilmistir. Sonug¢ béliimiinde kisa devre
analizinde sistemde farkli ¢aligma durumlarinda ariza akimlar1 hesaplandigi ve elde
edilen sonuglarin koruma elemani segimi igin kullanildigi ifade edilmistir. Kisa devre
analiz sonuclarmin dogrulugunun koruma elemanlar1 kapasitelerinin belirlenmesinde
oldukca etkili oldugu goriilmiistiir. Boylece arizadan kaynakli hasar ve masrafin
azaltildigina deginilmistir. Daha az yatirm maliyetiyle secilen uygun koruma
elemaninin ariza akimlarini giivenli bir sekilde kesecegi belirtilmistir. Bir gemi
elektrik gili¢ sisteminde gerekli koruma elemanlar1 se¢iminden sonra ana dagitim
tablosunun tasarlanabilecegi vurgulanmis ve orta gerilim gemi elektrik sistemleri icin

de benzer c¢alismalarin yapilacagi belirtilmistir.



2. GEMIi ELEKTRIK SISTEMININ GENEL OZELLIiKLERIi

Gemiler gorev kabiliyetine ve tagidiklar yiiklere gore siniflandirilabilir. Gemi tipleri
tasidiklar1 yiiklere gore tankerler, kargo gemileri ve konteyner gemileri olarak
tanimlanabilir. Yolcu tasiyan gemiler yatlardan, buyuk seyahat gemilerine kadar
farkli tipteki gemileri kapsamaktadir. Hem yiik hem de yolcu tasiyan gemiler de
farkli bir tip olarak incelenebilir. Bunlarin yani sira tagima goérevi olmayan, fakat
0zel aktiviteler ve hizmetler i¢in kullanilan askeri gemiler, endiistriyel gemiler
(balik¢t gemileri, sondaj gemileri, arastirma gemileri ve yizer platformlar)

bulunmaktadir. Farkli gemi tipleri farkli elektrik ihtiyaglarina sahiptir [7].

Tum gemilerin giivenli bir sekilde seyir yapmasi istenir. Denizde giiven basta gelir.
Burada sartlar karadakilerden ¢ok daha agirdir. Denizde nem ¢oktur. Denizde gezen
gemiler genis sinirlt sicaklik tesirleri ile karsilasirlar. Gemilerde siirekli titresimler
vardir. Elektrik makinalart ve tesisati i¢in nem ve tuzlu su ¢ok zararhdir.
Sallanmanin, titresimlerin ve sinirlar1 genis olan sicaklik degismelerinin kotu tesirleri
Oonemlidir. Biitiin bu zararhi tesirlere karsi1 koyacak elektrik makinalar1 ve tesisat

malzemeleri daha iyi konstriiksiyon, daha dayanikli malzeme gerektirir [1].

Gemi ve kara elektrik giic sistemi arasindaki en temel fark, gemi gii¢ sisteminin
iretilen giigten tiiketiciye kisa mesafeli izole bir sistem olmasina ragmen, kara
elektrik sistemlerinde gii¢ tiretimi ile tiiketici arasinda ylizlerce kilometrelik mesafe,
bunlarin arasinda olduk¢a uzun iletim hatlar1 ve pek c¢ok trafo merkezlerinin
bulunmasidir [8]. Gemi ve kara elektrik gii¢ sistemi arasindaki farklar asagidaki gibi

Ozetlenebilir.

e Gemi elektrik giic tiretim ekipmanlari ile tiiketiciler arasindaki mesafe oldukga
kisadir ve gii¢ kaynagmin gerilimi al¢ak gerilimdir, kablo direnci ve reaktansi
az oldugundan kisa devre akimi biiyiik olur.

e Kara tesislerinde besleme kaynaklarinin kapasiteleri devreye alinan motor
kapasitelerine gore buyuktir. Gemi elektrik gii¢ sisteminde (¢ fazli asenkron
motorlarin kapasiteleri olduke¢a biiyiiktiir, baz1 ¢alisma durumlarinda bu oran

yaklasik %70-80 olabilir.



e Gemide elektrik enerji beslemesinin siirekli olmasi gerekir. Bilhassa dar
sularda seyreden (O6rnegin bogaz gecisi yapan bir gemi) ya da bir iskeleye
yanasmak, kalkmak i¢in manevra yapan bir gemide elektrik {iretiminin
kesilmesi gemiyi tehlikeye sokar.

o Kara elektrik tesislerindeki gic Uretimine gore, gemi gulg¢ Uretim sistemindeki
generator kapasiteleri oldukca kiguktir. Gemide uygun kapasitede en azindan
ayni giicte yedek bir generatdr bulunmasi gerekir.

e Gemi elektrik gii¢ sisteminin c¢alisma kosullar1 ¢ok kétiidiir, 6rnegin yiiksek
sicaklik, titresim, salinim, egilim, sok, korozyon, yag buhar1 gibi. Bu yiizden
gemi elektrik giic sisteminde kisa devre meydana gelme olasiligi, kara

tesislerine gore daha fazladir [1].

Kara elektrik sistemlerine gore, gemi elektrik sistemlerinde tiretilen giiciin tamami
kiiciik bir alan igerisinde kullanilmaktadir. Bu da gemilerdeki miihendislik
zorluklarininin nedenini  gostermektedir ve yiiksek dogruluk ve giivenilirlik

alanlarinda hassas analizler gerektirmektedir.

Geminin ana elektrik gucd, acil durum kaynaklarinin yardimi olmaksizin geminin
normal c¢aligmasi ve igindeki insanlarin yasamlarini siirdiirebilmeleri i¢in gerekli
yardimct hizmetlerin timiinii karsilayacak diizeyde olmalidir. Gemi elektrik gug
sistemi, elektrik enerjisinin tiretilmesi, dondstiiriillmesi, dagitimi ve kontroli ile ilgili

tiim techizat1 kapsamaktadir.

2.1 Gemilerde Elektrik Enerjisi Uretimi

Gemi gug Uretim Unitesi, tahrik Gnitesi (genellikle dizel makine) ve bu tahrik nitesi
ile tahrik edilen senkron generatérden olusmaktadir. Gilivenilirligi, verimliligi
arttirmak ve daha iyi bir gli¢ dagitimi1 yapmak i¢in birden fazla gii¢ tiretim {iinitesi
bulunmaktadir. Bu gii¢ tiniteleri genellikle, buytk gemiler harig, agirlig1 esit olarak
dagitmak i¢in geminin merkez hattinda sancak iskele uzunlamasina orta nokta goz

Oniine alinarak simetrik olacak sekilde yerlestirilmektedir [8].

Gemi elektrik gii¢ sistemi, haberlesme sistemleri, seyir sistemleri ve operasyon
sistemleri i¢in gerekli enerjiyi saglamaktadir. Gemi elektrik gii¢ sisteminin siirekliligi
ve giivenilirligi, geminin gorevi igin ¢ok kritik bir etkendir. Gemi gi¢ Uretim ve

kontrol sistemi elektrik enerjisi kapasitesinin blylmesinden dolay: her gegen giin



daha da karisik hale gelmektedir. Gemide en azindan iki adet generatdr seti
bulunmalidir. Generatdr setlerinin sayisi ve kapasitesi onemli yiikleri her zaman
calistiracak sekilde olmali ve bir de yedek generatdr seti bulunmalidir. Ornegin sivil

bir ticari gemide dort dizel generatdr, bir acil durum dizel generator bulunabilir.

Elektrik glicunin acil durum kaynagi, ana gii¢ beslemesinin kesilmesi halinde, acil
durum tiketicilerinin beslemesini izerine alabilmelidir. Acil durum kaynagi 24V’luk
akiler ya da kaynak kesilmesi durumunda otomatik olarak devreye giren
generatorlerle elde edilir. Bu acil durum kaynagi, ana gii¢ kaynagindan bagimsiz
olmalidir. Acil durum kaynaginin kapasitesi acil durum halinde guvenlik icin gerekli
olan tiim hizmetleri saglayabilecek Ozellikte olmalidir. Acil durum gii¢ kaynaginin
bir generatoér olmasi durumunda, ana gii¢ kaynaginin arizalanmasini miiteakip 45
saniye icinde generatdr otomatik olarak c¢aligarak acil durum dagitim tablosuna

baglanir.

2.1.1 Senkron generatorler

Yeni inga gemilerin ¢ogunda ve tiim ticari gemilerde alternatif akim (AC) gl Uretim
ve gii¢ dagitim bulunmaktadir. Tipik bir gl¢ Uretim istasyonundaki generator seti
senkron alternator, tahrik edici dizel makine ve uyarma sistemlerinden olugsmaktadir.
Dizel makine governdriin kontroli altinda sabit devirde calisir. Dizel makine
cikisindaki moment generatore iletilir. Generator elektrik yiiklerine enerjiyi saglar.
Generator gerilimi ve bara gerilimi otomatik gerilim regulatoru ile stirekli nominal

degerde tutulur [9].

Gemilerde ti¢ fazli ¢ikik kutuplu senkron makinalar olduk¢a yaygin olarak
kullanilmaktadir [10].

Senkron gemi tipi generatorler, Kklasik generatorlerle karsilagtirildiginda birkag
farkliliga sahiptir. Tipik gemi tipi generatorlerde kutup sayisi 4’den 10’a kadar
yapilabilmektedir. Uyarma sistemi, ayni mil iizerinde bulunan senkron generatorin
yardime1 dig kutbu tarafindan firgasiz uyarma seklindedir. Ozel montaj standartlar
bulunmaktadir . Sogutma sistemleri, agik hava (koruma sinifi IP 56), sogutucu sulu

kapal1 devre (koruma sinifi IP 44) seklinde olabilmektedir.



2.2 Gemilerde Elektrik Enerjisi Dagitimi

Gemilerde genellikle notrii yalitilmis (n6tr noktasi topraklanmamis) elektrik sistemi
tercih edilir. Bunun sebebi gemi isletmesinde siirekliligi saglamaktir. Gemilerdeki
oncelikli beklenti Onemli tiiketicilerin elektrik beslemesinin devamliligini

saglamaktir.

Eger topraklanmig bir sistemde tek faz toprak arizasi meydana gelirse bu gemi
gbvdesi boyunca generatore karsi kisa devre arizasina esit bir durum olacaktir.
Sonugta olusan ariza akimi en kisa siirede ilgili termik-manyetik salteri devreye
sokacaktir. Hatali ekipman besleme hattindan izole edilmis olacaktir. Fakat
meydana gelen besleme kayb1 daha tehlikeli durumlar meydana getirebilir. Ornegin
ekipman gemideki 6nemli tiketicilerden biri ise mesela diimen sistemi ise, geminin
seyir glivenligi tehlikeye girecektir. Ylksek ariza akimi ariza yerinde ark hasarina
neden olabilir. Buna karsin, yalitilmis sistemde meydana gelecek tek faz toprak
arizasi herhangi bir termik-manyetik salterin ¢alismasina neden olmayacak ve sistem
normal bir sekilde ¢alismasini siirtiidiirecektir. Buradaki 6nemli nokta; ekipman tek
faz toprak arizasi ile calismasina devam edebilecektir. Yalitilmis dagitim sistemi
onemli tiiketicilerin beslemelerinin devamliligini saglamak i¢in topraklanmis
sistemlere gore daha etkilidir. Yalitilmis sistem tek faz arizasina tahammiil edebilen

sistemdir [2].

Dagitim sistemi elemanlart ¢ok dnemli ii¢ parga olarak gruplandirilir. Giig¢ dagitim
sistemi, panolar, transformatorler ve onlardan beslenen tiiketicilerden olugmaktadir.
Gemilerde elektrik gii¢ besleme sistemi biri ana besleme biri de acil durum besleme

olmak iizere iki adettir. Bu iki besleme bir kesici ile baglanmaktadir.

Gemi boyunca uzanan elektrik dagitim sistemi radyal, bolgesel veya radyal-bolgesel
dagitim sistemi olmak tizere {i¢ farkli dagitim sistemi seklinde gergeklestirilmektedir.
Radyal dagitim sistemlerinde, her bir yiik dogrudan generatoriin bagh oldugu
baradan beslenmektedir. Son zamanlarda, gemi elektrik sistemi dizayninda bolgesel
dagitim sistemi uygulanmaktadir. Bu topolojide, gemi fiziksel olarak bdlgelere
ayrilmistir ve her bir bolge igerisindeki yiikk o bolgeye ait panolardaki baralardan
beslenmektedir. Bliyiik gemilerde bolgesel dagitim sistemi, radyal-bolgesel dagitim
sistemi seklinde olusturulmaktadir. Her bir bolge birbirleri ile baglantili olup,

icerisinde yer alan yiikler o bdlgenin baralarindan beslenmektedir [11].



Tipik bir ticari gemi glc sistemi generator setleri, ana pano, sahil besleme tablosu,
acil durum generatordi, acil durum panosu, dagitim panolar1 ve gesitli yiiklerden
olusmaktadir. Generatorler ana panolara baglanmaktadir. Ana panolar generatorler,
yukler ve yiik merkezleri arasinda gii¢ transferine olanak saglamaktadir. Generatorler
ayr1 ayr1 veya paralel olarak calistirilmaktadir. Gemilerdeki yikler 440V, 115V,
230V 60 Hz'de ve 440 ile 115V 400 Hz'de elektrik enerjisine ihtiya¢c duyarlar.
Generatorlerden elde edilen enerji transformatorler, konverterler kullanilarak ihtiyag
duyulan degerdeki giic kaynaklar1 saglanir. Gemi elektrik sisteminin genel yapisi
Sekil 2.1°de gosterilmektedir.
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Sekil 2.1: Gemi elektrik sistemi genel yapisi.

Geminin mevcut gorev isteklerine gore, gemi gii¢ sistemi farkli konfigiirayonlarda
efektif olarak kontrol edilebilmelidir. Bir gemide herhangi bir ariza durumunda
geminin sevk ve tahrik sisteminin faal kalmasi istenir. Oyle ki gemi gli¢ sisteminde
bir ariza oldugunda, arizali bolgeyi sistemin kalan kismindan izole edebilmeli ve
geminin giivenilirligini ve hayati 6neme sahip yiiklerin ¢alismaya devam etmesini
saglamalidir. Gemi gii¢ sisteminde herhangi bir ariza durumunda, topraklama, kisa
devre vb. gibi, arizanin gemi giic sisteminin diger bdlgelerine yayilmasini
engellemek icin gli¢ sistemindeki arizali bolge ayrilmak zorundadir. Arizali kismin
sistemden ayrilmasi saglanamazsa, diger yiiklerde, kablolarda, termik-manyetik

salterlerde ve diger giic kaynaklarinda felaket arizalar meydana gelebilmektedir.



Sistemdeki termik-manyetik salterlerin veya diger a¢gma/kapama elemanlarinin
kontroll ile gemi gl sisteminde arizalar izole edilebilir. Bu yizden ana tablolarda
giic yoOnetim sistemi bulunmaktadir. Gii¢ yonetim sisteminin amact mevcut
operasyon durumu i¢in gerekli olan giicii saglamaktir. Bu da yiikiin, generator

durumlarinin ve gii¢ sisteminin izlenmesi ile gergeklestirilmektedir.

2.2.1 Dagitim panolari

Bir elektrik dagitim sistemi ana pano ve dagitim panolarindan olusmaktadir. Bu
dagitim sistemi iki, li¢ veya dort kisma ayrilabilmektedir. Bara ayiricilar kullanilarak
bu ayrim ve baglanti saglanabilmektedir. Uygun koruma sistemi ve ¢alisma felsefesi
ile, boyle sistemlerde esnek calisma sahalar1 ve sistemde arizali kisimlar izole
edilirken manevra kabiliyetinde veya otomatik ayirma yiik atma yapilirken sistemin
durumunu koruyabilmesinde herhangi bir kayip olmaksizin gerekli yedeklilik

saglanmaktadir [12].

Tipik bir gemi gug istasyonunda ana pano, acil durum panosu ve diger dagitim
panolar1 bulunmaktadir. Panolar giivenilirligi giiclii bir sekilde etkilemektedir ve eger
panolar yedekleme goz 6niinde bulundurularak baglanmazsa, herhangi bir kisa devre,
yangin veya sel durumunda geminin kararmasina sebep olmaktadir. Bundan
dolayidir ki generator panolart 2, 3 veya hatta 4 bagimsiz bolim olarak
Kullanilmaktadir. Genel olarak sistem yedeklemesi kisa devrenin sonuglarindan
kacinmak i¢in yapilir, fakat en kotii durumlar su basmasinda ve yangindan
korunmada da uygulanir. Bu tarz diizenlemeler su biriktiginde harekete devam
etmeyi saglayacaktir. Ornegin, pano iki ayr1 bdlmeye ayrilmis olsun, bir bélmede
kisa devreden dolay1 bir ariza meydana geldiginde, gemi %50 yukte harekete devam
edebilir [8].

Ana dagitim tablosunun diizenlenmesinde bazi temel prensipler vardir. Ana dagitim
tablosu simetrik panellere bdlinerek glvenilirlik ve yedeklilik isteklerini
karsilamaktadir. Generatorler ana baraya simetrik olarak baglanir. Elektrik
tilketicileri de baralara simetrik olarak baglanir. Ana dagitim tablosu tasarimi
cogunlukla belirlenen kisa devre akim seviyeleri ve termik-manyetik salterlerin agma
kapasiteleri tarafindan belirlenir. Ana dagitim tablosu tasarimi i¢in frekans ve gerilim
seviyesi de secilmis olmalidir. Ana dagitim tablosu pek cok standart ve kurallara

gore en az iki farkli gzden olusmaktadir. Genel olarak bir ana dagitim tablosunda



her generator i¢in bir tablo, senkronizasyon igin bir tablo ve bunlarin yan taraflarinda
ise giic ve aydinlatma dagitim tablolar1 ile diger gerekli dagitim tablolar1 bulunur.
Ana dagitim panosundaki ana bara, bir bara ayirici salterle iki bdliime ayrilir. Bu
bara ayirici ile generator setleri ve birbirini yedekleyen ana teghizat tiiketiciler de iki
boliime ayrilabilmektedir. Boliimlerden birinin herhangi bir hasara maruz kalmasi
esnasinda, hasar gormemis diger boliimdeki tliketiciler bu  sekilde

beslenebilmektedir.

Normal ¢alisma durumunda acil durum tablosu ana tablodan bir besleme devresi ile
beslenir. Bu devre tizerinde asir1 akim ve kisa devre korumasi bulunmaktadir. Ana
tablo enerjisinin kesilmesi halinde bu besleme devresini acil durum tablosundan
otomatik olarak ayiran bir diizenek bulunur. Acil durum elektrik gii¢ kaynaginin acil
durum dagitim tablosu ve acil durum aydinlatma dagitim tablosu miimkiin oldugunca

list giiverte lizerine yerlestirilir.

Geminin ana aydinlatma sistemi, ana elektrik gii¢ kaynagindan beslenen trafolara
bagli dagitim panolar1 ile beslenir, yolcularin ve personelin normal olarak
ulagabilecegi biitiin mahalleri yeterince aydinlatir. Sahilden besleme, sadece ana
generatorlerin salterleri devreden ¢iktigi zaman miimkiin olmaktadir. YUk aktarimi
amaciyla, geminin gii¢ besleme sistemi ile sahil beslemesinin kisa siireli paralel

calismasina izin verilir.

2.2.2 Transformatorler

Transformatorlerin amaci birkag kisma ayrilmis dagitim sisteminin farkl
kisimlarinda izolasyon yapmak ve ihtiya¢ duyulan farkli gerilim seviyelerini
saglamaktir. Kullanimda ¢ok farkli tasarimlara sahip transformatorler bulunmaktadir
ve en yaygin olan tipler hava yalittmli kuru tip, regine yalitimli, veya yag yalitiml
tiplerdir. Kurallar, ortam sartlar1 ve kullanicinin, tersanenin veya Greticinin tercihleri

transformatdriin tipini malzemesini ve tasarimini belirlemektedir.

Fiziksel olarak, ortak bir manyetik niive etrafindaki {i¢ faz primer ve ii¢ faz sekonder
sargl ile olusan ii¢ fazli tiniteler olarak imal edilmektedirler. Manyetik demir nive
manyetik aki i¢in kapali bir yol olusturur, i¢ sargi veya sekonder sargi diisiik gerilim
olusturur, dis sargi veya primer sargi yiiksek gerilim sargisidir. Primer sarginin

sekonder sargiya orani ¢evrime oranini vermektedir. Sarimlar Y-baglanti veya A-



baglant1 yapilabilmektedir. Transformatorler IEC standartlarina gore dizayn

edilmektedir [8].

Gemilerde transformatérdeki primer ve sekonder sargmin her ikisi de iiggen
baglanmaktadir. Boylece gili¢ hatlarindan gemi govdesine bir akim yoluna sebep
olunmamaktadir. Dolayisiyla, sistem yiiksek bir empedans topragina sahip olmakta

ve tek faz toprak arizalarindan etkilenmemektedir.

2.2.3 Elektrik yukleri

Gemi elektrik gugc sistemlerindeki yukler gemiye cesitli hizmetler saglamaktadir.
Saglanan hizmetin 6nemine gore, gemi elektrik gii¢ sistemindeki yikler, dncelik
sirasini - arttirmak igin ana techizat, tali techizat ve acil durum yikler olarak

siniflandirilabilmektedir.

Tali ylkler, geminin operasyonunu, siirekliligini ve yasami etkilemeksizin sistemden
kolayca atilabilen yiiklerdir. Tali yiikler, gegici olarak devre dis1 kaldiklarinda,
geminin sevk ve manevrasini etkilemeyen ve yolcularin, miirettebatin, kargonun,
geminin ve makinalarin giivenligini tehlikeye diisiirmeyen tiiketicilerdir. Bunlara
ornek olarak, 1sitma ve mutfak gibi yiikler, sogutma sistemleri, tiim elektrik giic
kapasitesi tekrar saglanana kadar kisa bir siireligine devreden ¢ikarilabilecek diger

yuklerdir.

Ana techizat, geminin siirekliligini ve yasami etkileyen, atilamayan yiiklerdir.
Geminin sevki, manevrasi, seyiri ve giivenligi, yolcu ve miirettebatin giivenligi,
yiikiin korunmasi fonksiyonlarinin siirekliligi i¢in gerekli sistemlerdir. Bunlar dimen
makinasi, pervane sistemleri, Sevk ile ilgili ana ve yardimc1 makinalar, yakit besleme

pompalari, vb. sistemlerdir.

Acil durum yukleri, ana enerji beslemesinin kesilmesinden sonra acil durum enerji

kaynagindan beslenmesi gereken, zorunlu yiklerdir.

Elektrik motorlar1 elektrik giliciinii mekanik giice gevirmek i¢in ¢ok yaygin olarak
kullanilmaktadirlar ve gemilerdeki vingler, pompalar ve fanlar gibi yikler i¢in
kullanilmaktadirlar. Kullanilan motorlar genellikle asenkron motorlardir. Bir elektrik
motoru sisteme direk olarak baglanabilir veya asenkron motorlarin yiiksek kalkis
akimlarindan dolay1r direk yol verme disinda, yildiz-l¢gen yolverme veya soft

starterler kullanilmaktadir.
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2.3 Gemi Elektrik Sistemlerinde Koruma

Elektrik gii¢ istasyonlarinda, koruma ekipmanlari ve roleleri insan hayatini veya
elektrik sistemindeki arizalardan dogabilecek yaralanmalardan korumak igin ve
belirli limitlerin diginda ¢alisan ekipmanlarin daha fazla hasar gérmesini engellemek
icin  kullanilmaktadirlar.  Ekipmanin  fiziksel hasar1 miimkiin  oldugunca

azaltilabilmektedir.

Gemi elektrik glg sistemlerinde ekipman izolasyon hatalarindan, anahtarlamadan
kaynakli agir1 gerilimden vb. dolay: farkli arizalar meydana gelmektedir. Gemi gii¢
koruma sisteminin arizay1 veya istenmeyen durumlari tespit etmesi ve en kisa
zamanda guc¢ sisteminden kaldirmasi istenmektedir. Selektivite ve koruma

elemanlarinin koordinasyonlu ¢aligmasi ile istenen koruma sistemine ulagilmaktadir.

Gemi elektrik gii¢ sistemini olusturan ekipmanlardan generatorler, transformatorler,
aktimiilatorler, gii¢ elektronigi teghizati, sahil besleme devresi ve tiiketiciler en az
kisa devre ve asir1 akimlara karsi korunmalidir. Bunun yani sira generatorler ters
giice karsi, diisiik ve asir1 gerilime karsi, diisiik frekansa kars1 korunmalidir. Koruma
techizat1 ile ilgili limitler ve detaylarin yer aldigi Tiirk Loydu Elektrik Kurallart
Bolum-4 Ek-A’da verilmistir.

Koruma techizati, bir kisa devre durumunda selektivite muhafaza edilecek sekilde
secilmeli ve generator korumasi ile koordine edilmelidir. Tiiketicileri korumak igin

termik-manyetik koruma salterleri ve kompakt tip salterler kullanilmalidir.

Elektrik cihazlarinin, akim tasimamakla beraber, temasa maruz kalan ve iletken olan
parcalar1 bir kacak halinde tehlikeli bir temas gerilimi olusturacaklarindan gemi

gbvdesine irtibatlandirilmali ve bu sekilde koruma topraklamasi saglanmalidir.
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3. GEMIi ELEKTRIK SISTEMI TASARIMININ iNCELENMESI

Gemi elektrik gl¢ sisteminin belirlenmesi oncelikli olarak geminin tipine, gorev
kabiliyetine ve ana tahrik sistemine baghdir. Gemilerde elektrik enerjisi genel olarak
generatorler tarafindan {dretilmektedir. S6z konusu generatorler ana dagitim
tablosuna baglanir ve {iretilen enerji buradan cesitli yiiklere dagitilir. Gemideki
generatorler dizel makine ile tahrik edilebildigi gibi, buhar veya gaz tiirbini ve gemi
ana tahrik makinesi ile de tahrik edilebilir. Generatér tahrik makinesinin tipi

ekonomik faktorlere ve gemi tipine gore belirlenmektedir.

Gemiler tahrik icin ¢ok biyik mekanik glice ve servis yiKleri i¢in elektrik gtcine
ihtiyag duyarlar. Bu durumda gemi ana tahrik sistemine gore gemileri

gruplandirirsak;

Dizel mekanik tahrikli gemiler: Gemilerde hareketi saglayan ana makine, devir
diisiiriicti, disli kutusu, saft, pervane geminin tahrik ve sevk sistemini olusturur [13].
Elektrik servis yikleri ayr1 servis generatorlerinden beslenmektedir. Gunlmuzde

¢ogu ticari kargo gemisi bu kategoridedir.

Elektrik tahrikli gemiler: Tahrik sistemi ve gemi servis yukleri icin gerekli olan gli¢

aynt ana generatorlerden saglanir. Bu sistemin kullanimi son yillarda giderek

artmaktadir [14].

Gemi tasarimi asamasinda Oncelikle gemi tipi ve gemi tahrik sistemi
belirlenmektedir. S6z konusu faktorler gemi elektrik sisteminin  yapisini

etkilemektedir. Farkli gemi tipleri farkli elektrik ihtiyaglarina sahiptir, 6rnegin;

Konteyner gemilerinde kargo ylkleme/bosaltma ekipmanlari elektrik sisteminde
belirleyici rol oynarken, tankerlerde kargo pompalari ve kompresorler en etkili
faktorlerdir, bunun yami sira yolcu gemilerinde en biyuk elektrik yikleri
havalandirma  sistemi, mutfak ekipmanlari ve aydinlatma ekipmanlari

olusturmaktadir [14].
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Gemi elektrik gii¢ sistemi tasariminda genellikle asagidaki adimlar takip edilir:

e Maksimum elektrik gii¢ ihtiyacina gore uygun gii¢ sistemi yapisi belirlenir.

e Generator kapasitesi ve sayisini belirlemek i¢in yiik analizi yapilir.

e Gemi ana gerilim seviyesi ve frekansi belirlenir.

e Akim tasima kapasitelerine ve gerilim diisiimii hesaplarina gore besleme
kablolarinin kesitleri belirlenir.

e Kisa devre hesaplart yapilir ve koruma ekipmanlari ve onlarin kesme

kapasiteleri belirlenir.

Gemi tasarimi ve insasi i¢in kullanilacak pek ¢ok standart vardir. Bu standartlar
klaslama kuruluslar1 tarafindan diizenlenir. Klaslama kuruluglarinin amaci gemi
tasarim ve ingasina iliskin standartlar1 belirlemek ve uygulatmaktir. Bu standartlar
icinde elektrik sistemi de yer almaktadir. Geminin iiretiminin yapilacagi klas kurulus
secilir ve klas kurulusa ait elektrik kurallar1 tasarim icin kullanilir [15]. Ulkemize ait
gemiler i¢in klas kurulus olarak Tiirk Loydu gecerlidir. Gemi elektrik sistemi

tasarimi ve imalat1 yapilirken Tiirk Loydu Elektrik Kurallar1 goz oniine alinmalidir.

Bu calismada onceki boliimlerde bahsi gecen gemi elektrik giic sisteminin

belirlenmesi i¢in gerekli adimlar ve kisa devre akim hesaplamalari incelenmistir.

3.1 Gemi Elektrik Sistemi Yik Analizi

Gemilerde ana elektrik giic kaynagi generatorlerden olusmaktadir. Bu ana guc
kaynagi birbirinden bagimsiz en az iki generatdr setinden olusmalidir.
Generatorlerden elde edilen enerji doniistiiriiciiler (transformatdrler, konverterler)
kullanilarak ihtiya¢ duyulan degerdeki gii¢ kaynaklar1 saglanir. Generator kapasitesi
ve sayisini belirlemek icin ylik analizi yapilir. Ayrica yapilan yiik analizi ile s0z
konusu doniistiiriiciilerin kapasitesi ve sayis1 da belirlenmektedir. Gemilerde farkli
calisma modlarina gore (seyir, manevra, yiikkleme/bosaltma, liman vb) yiik analiz

hesaplar farklilik gosterecektir.

Gemilerde elektrik ihtiyaci; aydinlatma, kumanda, sinyalizasyon, haberlesme ve
biitiin yardimct makineler i¢in gerekli toplam giiclin tespit edilmesi ile bulunur.
Geminin toplam elektrik ihtiyaci, ¢alisma durumuna gore degisir. Gemilerde genel
olarak seyir durumu, limana varis-kalkis, yiikleme-bosaltma durumu (yiik gemileri

ve tankerlerde) olmak (zere Ug ¢esit calisma durumu vardir [13]. Elektrik ylk analizi
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icin s6z konusu gemi c¢alisma durumlarinda yiik ihtiyacim belirleyecek bir yiik
analizi tablosu olusturulur. Ornek yiik analizi tablosu gizelge 3.1°de gdsterilmistir.
Yiik analizi talosunda her bir ylikiin giicii talep faktorii ile garpilarak beklenen gii¢
ihtiyaci hesaplanir. Tiim ylikler tam zamanli ¢alisamaz, bazilart ¢ok kisa siireli ¢aligir
ve bazi yiikler devredeyken, gemi c¢alisma modlarina gore, bazilar1 devrede
olmayacaktir. Bdylece secilecek generator kapasitesi tiim yiiklerin giiclerinin
toplamindan daha az olacaktir. Talep faktorii belli periyodaki ortalama bir gucin,
ekipmanin maksimum giicline boliinmesi olarak tanimlanir. Talep faktorii benzer

gemilerdeki benzer yiklerden tecrube ile belirlenmektedir [15].

Cizelge 3.1: Ornek yiik analizi tablosu.

. Seyir Liman Manevra
Tiketici  >JS . .. .
(kW)  Talep Gug  Talep Gi¢  Talep Gl
Faktori (kW) Faktori  (KW) Faktori (kW)
Yakat
transfer 3 0.3 0.9 0 0 0.3 0.9
pompasi
Yangin 01 37 01 37 01 37
pompasi
TOPLAM 2P - z"Pseyir - z:Pliman - EPmanevra

Yuk analiz tablosunda gemideki yiiklerin her birinin giicii talep faktorii ile carpilir ve
her bir gemi ¢alisma durumu igin sonuclar toplandiginda beklenen generator

kapasitesi belirlenmektedir.

3.1.1 Generator kapasitesinin belirlenmesi

Generatorlerin kapasitelerinin optimum degerleri ve sayisin1 belirlemek igin kesin
sonuglar verecek matematiksel bir yontem yoktur. Yiik analizi hesaplar1 referans
gemilerdeki ilgili degerlere dayandirilarak yapilir. Boylece nihai se¢im ve karar
tecriibelere dayanir. Klas kurulus kurallari normal seyir yiikiiniin %10 ile %20
fazlasinin bir generatorle karsilanmasimi ve bundan baska ayni kapasitede bir

generatoriin yedek olmasini belirtmektedir.

SOLAS’a gore geminin ana elektrik sistemi i¢in en az iki adet generatér olmalidir.

Bu generatérler normalde kendilerine ait dizel makineler tarafindan siirtliirler.
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Gemide servis generatorleri disinda sabit hizda ¢alismasi beklenen gemi ana tahrik
sistemi tarafindan siiriilen saft generatorii olarak adlandirilan generatorler de
bulunabilir. Saft generatorleri agir yakit yakan gemilere konur. Saft generatorleri
uzun seyirlerde elektrik glic kaynagi olarak kullanildiginda, diger servis generatdrleri

kisa periyotlarda calistirilir ve yakit maliyeti diisiiriiliir.

Servis generatorlerinin seciminde dikkat edilmesi gereken hususlardan biri de
gemideki biiylik giliglii motorlarin kalkis akimlaridir. Bir generator stand-by da
beklerken, diger bir generatdriin geminin giivenli bir sekilde seyri igin glg¢ ihtiyacini
kargilamas1 sirasinda, biiylik giiglii bir motorun kalkig akiminin sebep oldugu bir
gerilim diismesi, halihazirda c¢alisan herhangi bir motorun durmasina veya kontrol
ekipmanin ¢okmesine neden olmamalidir. Biylk giicli motorlar igin farkli kalkis

yontemleri bulunmaktadir [16].

3.1.2 Ana gerilim karakteristiginin belirlenmesi

Gemilerin ¢ogunda 440V 60Hz kullanilmaktadir. Avrupali ticari gemilerde 380V
yaygindir. Gemilerde kullanilan gerilim seviyeleri 440V-480V-690V-3.3kV-6.6kV —
9kV-11kV vb. gibidir. Gemi gerilim seviyesi i¢in ¢alismalara yiik analizi ile baglanir
ve talep edilen gug bulunur, gerekli generator, transformator kapasiteleri belirlenir.

Ana dagitim tablosundaki kisa devre akimlar1 hesaplanir.

Gerilim seviyesinin arttirilmasinin, ariza akim degerlerinin kismi olarak azalmasi,
kablo kesitlerinin azalmasi ve sonug olarak agirlik ve boyutlarin azalmasi, gerilim
diistimlerinin azalmasi, kablo uzunluklarinin daha biiyiik olabilmesi ve ana dagitim
tablosuna direk baglanan motor giiglerinin arttirilmast gibi bazi avantajlari
bulunmaktadir. Frekans olarak, gemi insa tipi ve geminin bagli oldugu iilke gibi
farkli durumlara gére S0Hz veya 60Hz oldukc¢a yaygin olarak kullanilmaktadir. Bazi
Ozel yukler icin sadece askeri gemilerde 400Hz kullanilmaktadir [7].

Kurulu gii¢ arttikca, nominal ylik akimlar1 ve kisa devre akimlar1 artacaktir. Bara
mukavemetindeki fiziksel limitler ve salt ekipmanlarinin agma kapasiteleri sistem
gerilim degerinin arttirllmasimmi  gerekli kilmaktadir. Bdylece akim seviyeleri
azalacaktir. Orta gerilim seviyeleri pek ¢ok uygulamada artan gii¢ ihtiyacina gore
gerekli hale gelmektedir [7]. Gerilim bir st seviyeye gegirilirse, gii¢ kayiplari azalir,
daha yiiksek gerilimde gii¢ iletimi verimli olacaktir. Bunlar gemilerde orta gerilime

dogru kaymanin baslica sebepleridir.
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Ana dagitim sistemi gerilim seviyesi gemideki toplam giice baghdir. Biiyiik
gemilerin orta gerilim iiretim ve dagitim sistemi, generatdrlerin toplam kapasitesi
20MW degerini astiginda, 11kV gerilim seviyesinden saglanmaktadir. Toplam
generator kapasitesi 10-20MW arasinda bir degerde oldugunda, 6.6kV gerilim
seviyesi kullanilmaktadir. Toplam generator kapasitesi yaklasik 12MW’a kadar olan

sistemlerde 440V veya 690V alcak gerilim seviyeleri kullanilmaktadir.

3.2 Gemi Elektrik Sistemi Kisa Devre Akimi Hesabi

Yiik analizi yapilip generator kapasiteleri belirlendikten sonra oncelikli olarak kisa
devre akim hesaplart yapilmaktadir. Koruma ekipmanlariin belirlenmesinde
nominal gerilim, akim ve kisa devre akimi temel karakteristik degerlerdir. Kisa
devre analizi, gemi elektrik gili¢ sistemindeki uygun koruma ekipmanlarinin
belirlenmesi icin 6nemli ve gereklidir. Bu analizler sonucunda geminin givenli

sekilde seyrine imkan verecek sekilde gemi elektrik sistemi tasarimi yapilmaktadir.

Gemi elektrik gii¢ sistemi ile kara gii¢ sistemleri arasinda oldukga biiyiik farkliliklar
vardir. Bunlardan ©nceki bolumlerde bahsedilmistir. Bahsedilen karaktesistik
ozellikler gemi ile kara elektrik tesisleri arasindaki kisa devre akim farkliliklarini
belirler ve boylece yapilacak hesaplarda da farkliliklar vardir. Bu farkliliklar arasinda
en belirgin olani, gemi elektrik gii¢c iiretim ekipmanlar ile tiiketiciler arasindaki
mesafe oldukga kisadir ve gii¢ kaynagi algak gerilimdir, dyleki devre empedansi kisa
devre akimimi etkiler. Kisa devre akiminin biiyiikliigli generator ile ariza noktasi
arasindaki generator, kablo ve transformatdriin toplam empedansi ile ilgilidir. Gemi
elektrik sisteminde toplam empedans genellikle ¢ok kiguktir, bu ylizden maksimum
ariza akimi ¢ok biiyiiktiir [2]. Gemi elektrik gii¢ sisteminin ¢aligma kosullar1 oldukga
kotiidiir, 6rnegin yliksek sicaklik, titresim, salinim, egilim, sok, korozyon, yag buhari
gibi. Bu yiizden gemi elektrik gii¢c sisteminde kisa devre meydana gelme olasiligi,
kara tesislerine gore daha fazladir. Kara tesislerinde kisa devre hesabi IEC 60909
standardina gore yapilirken, gemi elektrik sistemi kisa devre akim hesabi IEC 61363

standardina gore yapilmaktadir.

Gemi elektrik sistemlerinde kisa devre akimi hesabi IEC 61363 *“Electrical
installations of ships and mobile and fixed offshore units- Part 1: Procedures for
calculating short-circuit currents in three-phase a.c.” standardina gore gergeklestirilir.

Maksimum ve minimum kisa devre akimlar1 hesaplanir. Maksimum kisa devre akimi
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hesabi i¢in, ayn1 anda es zamanli olarak g¢alisabilen tiim generatorler ve motorlarin
devrede oldugu ti¢ fazh kisa devre durumu dikkate alinmahidir [7]. Bara mukavemeti
hesaplarinda maksimum kisa devre akimi tepe degeri (Ip) kullanilmaktadir.
Minimum kisa devre akimi en az sayida generatoriin devrede oldugu ve higbir

motorun devrede olmadigi durumda hesaplanir ve selektivite analizi i¢in kullanilir.

3.2.1 Ug fazh kisa devre akim hesab1

IEC 61363 standardi sadece ii¢ fazli kisa devre akim hesabini kapsamaktadir. Ug
fazli kisa devre durumunda olusan akim AC ve DC bilesenlerden olusmaktadir. Ug
fazli kisa devre akim hesabi, IEC 61363 standardina gore generatorlerin kisa devre

akimlari i¢in asagidaki denklemler kullanilarak yapilir.

L@ =" =1)e /Tt +1 (3.1)
Iy (£) = V2I" e7t/Tae (3.2)
Ipeakmax = \/EIaC(T/Z) + Idc(T/z) (33)

IEC 61363 standardina gore, senkron makinenin gegici, baslangic zaman sabitleri
tarafindan tanimlanan AC bilesen I,(t) akimi (3.1)’deki gibi hesaplanacaktir. Kisa
devre akimi tepe degerinin hesaplanmasinda senkron makinenin DC zaman sabiti
tarafindan belirlenen DC bilesen I4c(t) akimi da goéz Oniinde bulundurulur. I4c(t)
akimi (3.2)’deki gibi hesaplanir. Kisa devre akimi maksimum tepe degerinin
hesaplanmast (3.3)’deki gibi olacaktir. I ve | ii¢ fazli kisa devre akiminin baslangic
ve gegici baslangi¢ degerleridir. S6z konusu standartta maksimum tepe degerinin T/2

icin hesaplanacagi kabul edilmistir [7].

Gemideki asenkron motorlar, blylik motorlar ve kiguk motorlar olmak tzere iki
grup olarak diisiliniilebilir. S6z konusu gruplandirma generator kapasitesi ve motorun
kapasitesine baglidir. Pervaneleri, kargo pompalarini, kreynleri ¢alistiran motorlar
normal olarak biiylik, buna karsilik gemi yardimci servis sistemlerini (yakit transfer,
vb) calistiran motorlar kiiciik motorlardir. Sistemde bir kisa devre meydana
geldiginde, tiim motorlarin devrede oldugu disitinilir. Blylk motorlar kendi
baslarina degerlendirilmelidir. Kii¢iik motorlar birarada gruplandirabilir ve tekbir

esdeger kaynak olarak ele alabilir. Kisa devre durumunda maksimum kisa devre
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akimini  hesaplamak i¢in, tek bir blylk motorun Kkarakteristik parametreleri

kullanilarak bir generator gibi davrandigi diistiniliir.

Motorlarin ii¢ faz maksimum kisa devre akimu esitlik (3.4)’deki gibidir.

Iy () = \/EIQCM )+ Lgem (£) (34)

Esitlikteki Ip(t) motorun maksimum kisa devre akimi, laem(t) kisa devre akiminin
AC bileseni, Igem(t) kisa devre akimmimin DC bilesenini ifade etmektedir. S0z
konusu akimlara ait esitlikler (3.5) ve (3.6)’daki gibi belirtilmektedir.

Ty (£) = Iye /T (3.5)

Lyew (£) = V21 et/ Taem (3.6)

Esitlikteki |y motorun baslangi¢ simetrik kisa devre akimini, Tm  motorun

baslangic zaman sabitini, Tgew motorun DC zaman sabitini ifade etmektedir.

Ariza noktasindaki toplam kisa devre akimi motor ve generatorlerin kisa devre
akimlarinin aritmetik toplamma esittir. Senkron generatorler ve asenkron motorlar
kisa devrenin ilk birka¢c devri boyunca daha biiylik kisa devre akimlarinin

olusmasindaki ana kaynaklardir.

Sistemde ana iiretim barasinda, ana iiretim barasina bagli dagitim tablolarinda, trafo
izerinden ana lretim barasina bagli dagitim tablolarindaki kisa devre akimlari
degerlendirilir. Minimum ve maksimum kisa devre akimlar1 geminin farkli ¢alisma

modlarinda hesaplanir.

Bu ¢alismada, gemi elektrik guc sistemi incelenmesi igin 6rnek sistemde gerekli kisa
devre hesaplar1 yapilacaktir. Kisa devre hesaplari sonucunda, gemi elektrik guc

sistemindeki uygun koruma elemanlar1 belirlenecektir.

3.2.2 iki fazh kisa devre akim hesabi

Ug fazh kisa devre simetrik arizadir. Iki fazli toprak temassiz kisa devre simetrik
olmayan arizadir. Sistemde iki fazli ariza olarak baslayan arizalar kisa siire i¢inde ii¢
fazli simetrik arizaya dontisiir. Bu yilizden gemi elektrik sistemi kisa devre akim

hesaplarinda ti¢ fazli kisa devre iizerinde durulmaktadir [15].
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Simetrik olmayan arizalar icin kisa devre akim hesaplamalar1 olduk¢a karmasiktir.
Simetrik olmayan arizalar ig¢in simetrili bilesenler kullanilarak analiz yapilmaktadir.
Dengeli hatalarda sisteme iliskin empedanslarin dogru bilesen degeri kullanilirken,
simetrik olmayan hatalarda ise sistemdeki empedanslarin dogru bilesen degerlerine
ilaveten ters ve sifir bilesen degerleri de dikkate almmaktadir [15]. iki fazl kisa
devre akimi hesabi i¢in IEC 60909 standardi kullanilmaktadir. Baslangic kisa devre
akimu I, (3.7)’deki esitlik ile bulunur.

I cU,
| T ——
1Zay + Z)| (3.7)

Esitlikteki Z(1y ve Z(») sistemdeki empedanslarin pozitif ve ters bilesen degerleridir.

Kisa devre akimi tepe degeri I, (3.8)’deki esitlik ile bulunur.
I, = K\/EI]: (3.8)

Esitlikteki « faktorii R/X’e bagl bir faktor olup (3.9)’daki formiille yaklasik olarak

hesaplanir.

R
K = 1.02 + 0.98e % (3.9)

Generatorden uzak noktadaki ariza igin kisa devre kesme akimi I, , baslangig kisa

devre akimina esittir. 1, akimi (3.10)’deki esitlik ile hesaplanr.

I, = pl (3.10)
Esitlikteki p faktorii, salterin minimum gecikme zamani ve I,: /I, oranina gore
belirlenmektedir [17].

Minimum kisa devre akimi selektiviteyi belirlemek icin kullanilmaktadir. Minimum
kisa devre akimi en az sayida generatdriin devrede oldugu ve hi¢bir motor yiikiiniin

devrede olmadigi durumdaki iki fazli kisa devre arizasina dayanmaktadir [16].
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3.3 Gemi Elektrik Sisteminde Koruma Elemanlari Segimi

Koruma elemanlar1 gemideki elektrik tiiketicilerinin asir1 akim ve kisa devre
akimlarina karst korunmasinda kullanilmaktadir. Koruma elemanlarinin degistilmesi,
bakimi ve kontroliiniin daha kolay yapilabilmesi i¢in genellikle generatdr ve biiyiik

gucli thketiciler icin cekmeceli tipte termik-manyetik salterler tercih edilir [7].

Koruma elemani se¢ciminde sadece nominal akim ve gerilim degerleri degil, sistemde
hesaplanan kisa devre akim degerleri de gereklidir. Etkin ve giivenli bir koruma
gerceklestirmesi beklenen bir algak gerilim koruma elemaninin Segiminde esas

alinmasi gereken temel kriterler asagidaki gibidir [7]:

e Termik-manyetik salter anma akimi maksimum yiik akimindan daha blylk
olmalidir.

e Termik-manyetik salter anma gerilimi hat gerilimden daha biiyilik olmalidr.

e Termik- manyetik salter kisa devre kesme kapasitesi I, hesaplanan kisa
devre akimindan (t=T/2 i¢in hesaplanan I,c(t) degeri) biiyiik olmalidir.

e Termik-manyetik salter kisa devre kapama kapasitesi Icm, IEC 61363
standardina gére hesaplanan maksimum kisa devre akimi tepe degerinden (Ip)
biiylik olmalidir.

e Termik-manyetik salterin koruyacagi yiikiin karakteristik ozellikleri
bilinmelidir.

e Ekstra ozellikler (uzaktan actirma, kacak akimlara karsi koruma, diisiik
gerilim korumasi, uzaktan agmakapama vb.)

e (Cevre sicakligl.

Bu kriterlerin dogru tespiti ile bir algak gerilim koruma eleman1 beklenen koruma ve
diger fonksiyonlar1 en hizli ve giivenli bir sekilde yerine getirebilir. Arizali kismi
ayirarak, kalan sistemin diizglin ¢calismasina olanak saglamaktadir. Arizali kismin
sistemden ayrilmas1 saglanamazsa, diger yiiklerde, kablolarda, termik-manyetik
salterlerde ve diger gii¢ kaynaklarinda felaket arizalar meydana gelebilmektedir. Bir
kisa devre veya asir1 akim boyunca olusan termik ve manyetik yiiklerden kaynakli
ekipman hasarmi engellemelidir. Insan hayatini, elektrik sistemindeki arizalardan
dogabilecek sonuglardan korumalidir. TUm koruma elemanlar1 uygun sekilde
koordine edilmelidir. Yani uygun sigorta ve termik-manyetik salterler segilerek bir

ariza durumunda sistemde secicilik saglanmalidir. Termik-manyetik salter veya
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sigortanin a¢gma kapasitesi hesaplanan kisa devre akimimi giivenli bir sekilde
kesebilecek kapasitede olmalidir. Eger daha diisiik agma kapasiteli bir eleman
yerlestirilirse, elemanin yangina sebep olmast muhtemeldir. Algak gerilim koruma
elemanlart ile ilgili detaylarin yer aldigi Tiirk Loydu Elektrik Kurallart Bolim-5 Ek-

B’de verilmistir.
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4. ETAP PROGRAMI HAKKINDA GENEL BILGI

ETAP, elektrik glc¢ sistemlerinin tasarimi, similasyonu, isletmesi, kontrold,
optimizasyonu ve analizi igin gelistirilmis en kapsamli elektrik miihendisligi
yazilimidir. ETAP, tam olarak bir AC ve DC elektrik gii¢ sistemleri analiz aracidir.
Elektrik mihendislerinin her tirli analizi ve tasarimi1 yapmalarini saglamaktadir. Her

tiirlii endiistri kurulusuna ve sektore uygun elektrik analiz modiilleri sunmaktadir.

ETAP yazilim igerisinde entegre edilmis bir ¢ok modul mevcuttur. Gi¢ sistemleri
analiz modulleri yiik akisi, gerilim diisiimii, kisa devre analizi, motor baslatma,
gecici hal kararlilik analizi modiillerini kapsamaktadir. ETAP, yenilenebilir enerji
sistemleri, dagitim sistemleri, kablo sistemleri, iletim hatti, DC sistemler, topraklama
sistemlerinin tasarim ve analizini saglayacak yazilimlar1 kapsamaktadir. Role
koordinasyonu yazilimu ile segicilik analizi, gii¢ kalitesi yazilimi ile harmonik analizi
de yapilabilmektedir. Gii¢ sistemlerinin ¢aligmasini goriintiilemek, kontrol etmek,
otomatik olarak yapmak, simule etmek ve optimize etmek i¢in gercek zamanl bir
guc yonetim sistemine  de sahiptirr ETAP’da sistem modelini olusturmak,

duzenlemek ve yonetmek i¢cin mihendislik kittiphaneleri bulunmaktadir [18].

Bu tez c¢alismasinda sadece yiik akis analizi ve kisa devre analizi modiilleri
kullanilmisgtir. Kisa devre analizi modiilii, genis kapsaml kiitiiphanelerden
secilebilen elemanlarla farkl: tipteki kisa devre analizlerinin ANSI ve IEC gibi farkli
standartlara gdre yapilmasini saglamaktadir. Yiik akis analizi modiilii de en dogru

hesaplamaya ulagsmak i¢in farkli metodlar secilmesine izin vermektedir,

4.1 ETAP Tek Hat Semasi

ETAP yiik akis analizi ve kisa devre analizi modiillerini kullanabilmek i¢in dncelikle
ETAP programinda projenin tek hat semasinin olusturulmas: gerekmektedir. Yeni
bir tek hat semasi olusturmak i¢in ETAP programi calistirllir ve sekil 4.1°de

goriildiigii gibi dosya (file) sekmesinden yeni proje (new project) secilir.
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View Help
New Project... | | | | | ) 44 | 5| 35 [ETAP Detaul) Standard
Open Project... @

Sekil 4.1: ETAP yeni bir ¢alisma sayfas1 agilmasi.

Yeni bir tek hat gemasi olusturmak veya mevcut tek hat semasi iizerinde degisiklik
yapmak i¢cin ETAP bi¢cim (mode) arag gubugunda diizen (edit) segili olmalidir. Sekil

4.2’de ETAP yeni ¢alisma sayfasinin diizenleme durumuna gelmesi goriilmektedir.

Mode %]

[ N e R S R Y Y ER E S I B P )

Sekil 4.2: ETAP yeni calisma sayfasi diizenleme.

Projenin hangi standarda goére calisilacagimi belirlemek igin proje (project)
sekmesinden standartlar (standards) secilir ve sekil 4.3’deki pencereden projenin
standardi1 ve frekansi segilir.

$ 30 1260 fow1 e o) T

5 File Edit View [Project] Library Rules Defaults Tools RevControl Real-Time Window Help

D2 &R Information... [EIEd #FE S @ | B[ 44|52 | D [ETP Defaul)  ~|[Standard -
Elooe s A —]
2] s + (RS sl E e

[ Project Standards (e |

Frequency B0 -

Date Format | mmedd-pyyy (U54) hd

Sekil 4.3: Proje standart belirlenmesi.

Standard:r belirledikten sonra tek hat semasinda kullanilacak olan elemanlar sekil
4.4’deki AC Diizen (AC Edit) ara¢ cubugundan segilir. Istenen eleman fare sol tusu
ile tiklanip, tek hat semas1 sayfasinda herhangi bir yere tiklanarak birakilir. Tek hat
semasini olusturacak elemanlarin tamami bu sekilde sayfaya atilir. Fare, elemanin
Uzerine getirildiginde sekil 4.4°deki gibi elemanin baglanti noktasi pembe renge
doner. Pembe renge donen baglant1 noktasina tiklandiginda baglanti ¢izgisi olusur ve
stiriiklenip diger elemanin baglanti noktasina tiklanip, tiim elemanlar gerektigi gibi

birbirine baglanarak tek hat semasi olusturulur.
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Sekil 4.4: ETAP AC elemanlarin baglanmasi.

Elemanin iizerinde ¢ift tiklandiginda diizenleyici (editor) penceresi agilir ve ornek

olarak sekil 4.5°de goriilen pencerede generatdr elemanina ait degerler girilir.

Synchroncus Generator Editce - Genl ===
PSS | Hemore | Protecson | Feleblty | FuslCost | Remoks | Comment
o | Ratng | Coostity | imaiModel | Groundng | bertis | Excter | Govemor
kv OMW  Volage Coresd
o . ﬁa

Rervimon Data
10 Genl Ease
Condtion
&
™ Sevn
ETTR ey
Egupment Configuration
Parmal
Tea &
Operation Mode
frim Swing
& Votage Controd
Desooton Muar Corrad
PF Cortrl
3] 8 () [ [cent =i [ (] L% | Conen

Sekil 4.5: Generator elemanin degerlerinin girilecegi pencere.

Bu sekilde her elemanin dizenleyici (editor) penceresi agilarak elemana ait gerekli

degerler girilir. Boylece yapilacak analizler igin tek hat semasi hazirlanmis olur [19].
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4.2 ETAP Yiik Akis Analizi

ETAP programinda bu tez ¢alismasinda kullanilan modiillerden biri yiik akis analizi
modilidiir. Bu boliimde ETAP yiikk akis analizi modiiliiniin nasil calistirildigi

hakkinda bilgi verilecektir.

ETAP programinda calisilacak proje tek hat semasi agilir. Yiik akis analizi modiiliinii
baglatmak i¢in sekil 4.6’da goriildiigii gibi ETAP bicim (mode) ara¢ ¢ubugunda yiuk

akis analizi (load flow analysis) butonu tiklanir.

Load Flow analysis

Sekil 4.6: ETAP yiik akis analizi modiiliiniin baglatilmasi.

Yiik akis analizi modiilii agildiginda ¢aligma sayfasi (study case) arag gubugu ekrana
gelir ve sekil 4.7°deki gibi ¢alisma sayfasi dizenleme (edit study case) butonu

tiklanir.

Study Case @
|5 | L - | &5 | LF2z - [ g [Adustments  ~

Sekil 4.7: ETAP yiik akis analizi ¢alisma sayfasini diizenleme.

Acilan pencere sekil 4.8°’de goriildiigli gibi olup, bu pencereden farkli yiik analizi
metodlar secilebilir, sonug raporunda goriintiilenecek veriler belirlenebilir.

Load Flow Study Case [
Info | Loading | Adjustment | Alet | Emergency

Study Case ID Method

() Adaptive Newton-Raphson
¥ 5 Max. feration 99
©® Newton-Raphson
Report © Fast-Decoupled

Ui ©) Acosleraled Gauss-Seidel

Rated Voltage
Operating Viokage
Foner Options

Initial Vokage

[] Caleulate Flows For 1-Phase & Panel Systems

Eouipmert Cable © Bus Initial Voltages

Exclude Load Diversty Factor © UserDefined
[ Apply Transformer Phase Shift

Update
[ ntial Bus Voktages [T Cable Load Amp [ Operating Load &V

[ nverter Operating Load [T Transformer LTCs

Study Remarks

Sekil 4.8: ETAP yiik akis analizi ¢aligma sayfasini diizenleme penceresi.
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Yik akis (load flow) ara¢ ¢ubugunun kullanilan kismui sekil 4.9°da goriilmektedir.
Yiik akigini ¢alistir (run load flow) butonuna basarak yiik akis analizi ¢alistirilir [20].

Fun Load Flow
Alert View
Report Manager

Display Options

Sekil 4.9: ETAP yiik akis analizinin ¢alistirilmasi.

Yiik akis analizi calistiktan sonra sonuglar ETAP programindaki tek hat semasi
Uzerinde gortlmektedir. Sonug¢ raporu almak i¢in yiik akis (load flow) arag
cubugunda rapor yoneticisi (report manager) butonuna basilir ve sekil 4.10’daki
pencere acilir ve bu pencereden tiim yiik akis analizi sonuglarini gdsteren istenen
formatta sonu¢ raporu c¢ikti alinabilir [20]. Bu tez c¢alismasindaki Ornek gemi
projemiz i¢in yilk akis analizi sonuc¢larindan biri sekil 4.11°deki gibi tek hat

semasinda goriilmektedir.

Load Flow Report Manager ]

|Comple'te | Input | Result |Summary|

() Viewer
Tty @ por
© MS Word
) Rich Text Format
& MS Bxcel
[ Set As Defautt

Output Report Name
Untitled

Path

Sekil 4.10: Yiik akis analizi sonug raporu diizenleme.
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Sekil 4.11: Ornek gemi projesi yiik akis analizi ETAP programi goriintiisii.
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4.3 ETAP Kisa Devre Analizi

ETAP programinda bu tez calismasinda kullanilan modiillerden biri de kisa devre
analizi modulidir. Bu bolimde ETAP kisa devre analizi modiiliiniin nasil

calistirildig1 hakkinda bilgi verilecektir.
ETAP programinda ¢alisilacak proje tek hat semasi acilir. Kisa devre analizi
modiiliinii baslatmak igin sekil 4.12’de goriildiigii gibi ETAP bigcim (mode) arag

¢ubugunda kisa devre analizi (short-circuit analysis) butonu tiklanir.

[short-Circuit Analysis)

Sekil 4.12: ETAP kisa devre analizi modiiliiniin baslatilmasi.

Kisa devre analizi modiilii agildiginda caligma sayfasi (study case) ara¢ ¢ubugu
ekrana gelir ve sekil 4.13’deki gibi caligma sayfasini diizenleme (edit study case)

butonu tiklanir.

P
Study Case / @
||“ |sc - | EEB| uniited - [Ape | adustments  ~ |

Sekil 4.13: ETAP kisa devre analizi calisma sayfasini diizenleme.

Acilan pencere sekil 4.14°de goriildiigii gibi olup, bu pencereden hangi baralara kisa

devre arizasi verilecegi secilebilir.

Short Circuit Study Case o
Info | Standard | AF Method | AF FCT | AF Dats | Adjustment | Alert |
Study Case ID Trasfommer Tap 1-Ph/Pariel/1-Ph UPS Subsystem
sC @ Adust Bass kv IFhase
Panel
Load Teminal Fautt 1-Phase UPS _
[ Cale. Load Term. SC © Use Nomial Tap UPS Mol oM E
: (@ Constant |
Equip. Cable & OL Hester Report Wistor Contribution Based on
Include Impedance for: Cortribution Level @ Motor Status
MY Motors = ) Loading Category
[FILV Motars i © Bt
Bus Selection
Faut Dont Faut
ZHIVAC/BDHz ADT A o] [CJMBusss  [Bus_Gt L |
Z30VAC/BDHz ADT B = Bus DG2 -
230VAC/60Hz ADT1.1 of| EMVBuses \p o p [
Z30VAC/60Hz EDT [F]LVBuses  |Bus FI2 s
LAOVAC/BDHz ADT A Bus_F21 =
240VAC/G0Hz ADT B Bus_F22
440VAC/60Hz DT Bus_SG
B30VAC/EDHz ADT A - | [ Faut ] |BusTT1A -
Study Remarks

Sekil 4.14: ETAP kisa devre analizi ¢calisma sayfasini diizenleme penceresi.
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Agcilan penceredeki standart (standard) sekmesi sekil 4.15°de goriildiigii gibi olup, bu

pencereden proje kisa devre analizinin hangi standarda goére yapilacagi belirlenir.

Short Circuit Study Case P =
Standard | AF Method | AF FCT [ AF Data | Adiustment | Alert |
Standard Short-Circuit Currert Crmax for Z Adjustment (< 1001V)
@I @ Max @ 1.05(+6% VTol)
© ANSI (7 User-Defined ¢ Factor ©170(+70% VTel)
) Min. (Exclude Duty Calc) Calculation Method
2 GosT s /R for Peak kA
c Factar -
() Method A
Zero Sequence Md 1001V 11 ) Method B
Include Branch ©@ Method C
DY&Stat\anad 1001 to 35000 V 1.1
> 35000V 1.1
Protective Device Duty LV CB Breaking |

(@ Based on Total Bus Fault Cumrent
©) Based on Max Through Fault Current © Use les
Report Breaking Duty vs. CB Time Delay

@ Based on Total Bus F

() Based on Max Through

) Use leu

Sekil 4.15: ETAP kisa devre analizi standardinin belirlenmesi.

Bu tez calismasi i¢in kisa devre analizi IEC standardina gore yapilacaktir. Sekil

4.15’de goriildiigli gibi maksimum veya minimum kisa devre akimlar1 hesaplanabilir.

IEC Kisa devre (IEC short-circuit) arag ¢gubugunun kullanilan kismi sekil 4.16’da
goriilmektedir. Bu tez calismasinda kisa devre analizi IEC 61363’e¢ gore
yapildigindan IEC 61363 kisa devre analizi ¢alistir (run transient SC (IEC 61363))

butonuna basarak kisa devre analizi ¢alistirilir [21].

IEC
IEC
?_} [Run 3-Phase Device Duty (IEC 6030) |
—_— |Rur1 Panel/1-Ph UP5/1-Ph Systemn Device Dut_\,r|
clely
st | [RuniG,LL (LG 3-phase Faults]
M [Run Transient SC (IEC 61363

Display Options

[IEC 61363 Short circuit Plots|

EgsrE

Sekil 4.16: ETAP IEC kisa devre analizinin ¢alistirilmasi.
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Kisa devre analizi ¢alistiktan sonra sonuclar ETAP programindaki tek hat semasi
Uzerinde gorilmektedir. Sonug raporu almak i¢in IEC kisa devre (IEC short-circuit)
ara¢ cubugunda rapor yoneticisi (report manager) butonuna basilir ve sekil 4.17’deki
pencere agilir ve bu pencereden kisa devre analizinin tiim sonuglar1 istenen formatta
sonug raporu olarak alinabilir [21]. Bu tez ¢alismasindaki 6rnek gemi projemiz igin
kisa devre analizi sonuglarindan biri sekil 4.18’deki gibi tek hat semasinda

gorulmektedir.

IEC 61363 SC Report Manager |t

Complete I Input | Resutt |Summary|

Short-Circuit Report O Viewer

@ PDF

-1 M5 Word

") Rich Text Format
) M5 Bxcel

[ Set As Defautt

Qutput Report Name
Untitled

Path

Sekil 4.17: Kisa devre analizi sonug raporu diizenleme.

Kisadevre analizi sonug¢ raporunun igerigini daha detayli olarak gostermek i¢in, bu
tez calisgmasinda olusturulan bir kisa devre analizi sonu¢ raporu Ek-D’de yer
almaktadir. Ornek gemi elektrik projemiz i¢in ETAP programindaki yiik akis analizi
ve kisa devre analizi modiillerinin nasil kullanildig1 detayl bir sekilde anlatilmis
olup, bir sonraki boélimde 6rnek gemi elektrik projemizin yiik akis analizi ve kisa
devre analizi ETAP programi kullanilarak yapilacak ve herbir baraya ait ii¢ fazli ve
iki fazlh kisa devre akimlari bulunacaktir. Maksimum ve minimum kisa devre
akimlar1 incelenecektir. Elde edilen maksimum kisa devre akimlar1 sonuglarina gore

gerekli koruma elemanlar secimi gerceklestirilecektir.
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Sekil 4.18: Ornek gemi projesi kisa devre analizi ETAP programi goriintiisii.
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5. 2950DWT BALIKCI GEMISi UYGULAMASI

Gemi elektrik sisteminin genel plani tiim gemiler i¢in hemen hemen ortaktir.
Gemilerin biiyiik cogunlugunda AC dagitim sistemi tercih edilmektedir. Bu bollimde
gemi elektrik gug¢ sistemi incelenmesi igin algak gerilim dagitim sistemine sahip bir
balik¢1 gemisi ele alinacaktir. Bu tez ¢alismasinda ele alinan balik¢1 gemisi elektrik
guc sistemi icin gergek veri ve parametreler kullanilmistir. Gemi elektrik sistemi igin
yiik akig analizi ve kisa devre analizi ETAP programi kullanilarak yapilacaktir. Kisa

devre analizi sonuglarina gore uygun koruma elemanlar1 segilecektir.

5.1 Bahk¢1 Gemisi Elektrik Sisteminin Incelenmesi

Gemilerin bliyiikk cogunlugunda alcak gerilim dagitim sistemi olarak birka¢ yil
oncesine kadar gerilim seviyesi olarak 440V standart olarak kulllanilmaktaydi.
Devam eden tonaj artisi ve buna bagl olarak gemideki elektrik gii¢ ihtiyacinin
artisgindan dolay1 daha yiliksek nominal akim ve kisa devre akim degerleri
hesaplanmaktadir. Bu yiizden uygulamada gerilim seviyesi olarak 690V 60Hz

secilmistir.

Gemi elektrik sistemi tasarimi yapilirken oncelikle benzer gemilerdeki elektrik
sistemleri referans alinmaktadir. Algak gerilim dagitim sistemi igin dOrt farkli
¢alisma modunda tahmini olarak yuk analizi yapilmis ve benzer gemilerdeki elektrik
sistemlerine gore bir adet saft generatdr sisteme dahil edilmistir. Saft generator
4000kW nominal giiciinde olup 690V ¢ikis gerilimine sahiptir. Bunun disinda
sistemde iki adet senkron generatér bulunmaktadir. Bunlardan biri 1061kW olup
liman generatorii olarak kullanilmaktadir. Diger generator 1600kW guciindedir.
Gemide bir de 600kW giiciinde bas pervane bulunmaktadir. Bas pervane direkt ana
baradan beslenmektedir. Yik analizi sonucunda sistemin tek hat diyagrami
olusturulur. Sistem iizerinde bulunan generatorler gruplandirilarak bara baglantilar
gerceklestirilir. Ana bara bir bara ayirici ile ikiye ayrilabilmektedir. Her iki bara da
690/440 V cevirme oranl: transformatorler Uzerinden 440V barasina baglanmaktadir.

440V barasi1 da bir bara ayirici ile ikiye ayrilabilmektedir. Ayrica 690/230V gevirme
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oranli iki adet transformatér tizerinden 230V’luk yiikler i¢in bir dagitim tablosu
beslenmektedir. S6z konusu transformatorler yedekleme amagli iki adet
kullanilmaktadir. Sistemde bir de acil durum generatorii ve buna bagli acil durum
dagitim panosu bulunmaktadir. Bir transfer hatti ile acil durum panosu normal
durumda ana dagitim panosundan beslenmektedir. Acil durumda sadece acil durum
tiketicilerini besleyecektir. Acil durum tiiketiciler yangin pompasi, dimen sistemi
pompast 2, hava kompresorii, makine dairesi fanlar, acil durum aydinlatma
transformatorudir. Acil durum generator salteri ile transfer hatt1 salteri arasinda ayni
anda devreyi besleyebilme riskini engellemek igin elektriksel kilitleme mevcuttur.
690/230V c¢evirme oranli bir adet acil durum transformatorii tizerinden 230V acil
durum dagitim panosu beslenmektedir. 230V acil durum dagitim panosu ile 230V
ana dagitim panosu arasinda da bir transfer hatti bulunmaktadir. Saft generatorii ve
diger senkron generatorler arasindaki otomatik yiik transferi 30s. igerisinde
gerceklesecek olup, saft generatérii ve senkron generatorlerin paralel galismasi

durumu i¢in kisa devre hesab1 yapilmayacaktir.

Geminin goérev kabiliyeti kapsaminda elektrik ihtiyact yliksek olan ekipmanlar
herbiri 900kW giiclinde iki adet balik yakalama aglarin1 ¢eken vingler, her biri
yaklagik 375kW giiclinde dort adet dondurucu kompresérden olugmaktadir. Elektrik
ihtiyac1 yiiksek olan bu yiikler ana dagitim panosunda direkt ana baradan

beslenecektir.

Sistem (zerinde bulunan generatdr ve transformatorlere ait parametreler Ek-C’de
detayli olarak verilmistir. Algak gerilim elektrik sistemi olan gemi gergek bir proje
olup kisa devre analizi yapilirken farkli ¢aligma durumlarindaki maksimum ve
minimum kisa devre akimlar1 hesaplanacak ve elde edilen sonuglara gore ana dagitim

tablosu tasariminda gerekli ana koruma elemanlari segilecektir.

5.1.1 Tek hat semasi

Bu tez caligmasinda algak gerilim dagitim sistemine sahip bir balikg1 gemisinin
elektrik sistemi kullanilacaktir. Ornek gemi projesinin  ETAP programinda
olusturulmus elektrik tek hat semasi sekil 5.1°de yer almaktadir.
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Sekil 5.1: Ornek gemi projesini
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5.1.2 Yiik akis analizi

Yuk akigi hesaplamasi gii¢ sistem tasarimi ve analizinde temel bir ¢aligmadir. YUk
akis1 analizi ile bara gerilimleri, generator, transformator, motor ve kablo gii¢ akislari
hesaplanarak agsir1 yiiklenme olup olmadigi belirlenmektedir. Yapilan uygulamada
Newton-Rapson yodntemine dayanan AC yiik akisi analizi kullanilmistir. Bunun
nedeni bu yontemin AC yiik akisi problemini kisa siirede ve az iterasyonla

cozebilmesidir.

Gli¢ sistemlerinin analizinde karsilasilan problemlerin ¢ézlimiinde lineer olmayan
denklemlerle karsilasilir. Newton-Raphson yontemi ¢ok degiskenli lineer olmayan
denklemlerin ¢oziimiinde yaygin olarak kullanilan bir analiz yontemidir. Bu metoda
gore baslangicta, degiskenlerin degerleri rastgele belirlenir. Bu degerlerin
kullanilmast ile yeni degerler fiiretilir. En son iiretilen iki deger arasinda kabul

edilebilir kiigtik bir fark saglanincaya kadar iteratif olarak ¢aligma devam ettirilir.

Newton-Raphson metodu (5.1)’deki gibi formule edilir ve iterasyonla ¢ozilir.
Burada AP ve AQ belirlenen ve hesaplanan degerler arasindaki bara aktif ve reaktif
giic farklarini, A|V| ve Ad ise bara gerilim genligi ve agisindaki degisimleri, J
jacobian matrislerini ifade etmektedir.

[ﬁg =B§ ﬂ [AAISI (5.11)

Jacobian matrisi (5.2)’deki gibi ifade edilmektedir. Jacobian matrisi aktif ve reaktif

glic denklemlerinin ag1 ve genlik degisimine gére kismi tiirevlerinden olusur [20].

oP 0P

_[Pr 2]_|as ov

/ ‘[/3 14]‘ aQ aQ (5.2)
35 oV

Ornek gemi elektrik dagitim sisteminde yiik akisi analizi yapmak igin, sistemin tek
hat diyagrami kullanilarak ETAP programina aktarilmistir. Kisa devre analizi igin
geminin bes farkli calisma durumu diisiiniilmiistiir. Bu ¢alisma durumlan sira ile
gemi elektrik sistemi i¢in manevra durumu, balik avlama durumu, ana baranin
ayrilmast durumu, acil durum ve transfer hatti bagli acil durumdur. Calisma
durumlarinin detaylart kisa devre analizi bdliimiinde verilmistir. Bu ¢alisma

durumlarimi gruplandirirsak normal ¢alisma durumlari i¢in yiik akis analizi sonuglari
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cizelge 5.1°de ve acil durum galisma durumlari igin yiik akis analizi sonuglar1 ¢izelge

5.2’de verilmistir.

Cizelge 5.1: Gemi normal ¢alisma durumlar: yiik akis analizi sonuglari.

Calisma durumul Calisma durumu?2 Calisma durumu3

kv. MW  MVAr kv MW MVAr kv MW  MVAr

BUS_SG 069 3429 1401 0 0 0 069 1416 0.451
BUS_DG1 0 0 0 069 1503 0547 069 0950 0.293
BUS_DG2 0 0 0 0.69 1052 0383 0.69 0.665 0.205
BUS_EMG 0 0 0 0 0 0 0 0 0

230VAC/60Hz ADT  0.23 0.037 0.018 0.23 0.037 0.018 0.23 0.037 0.018

230VAC/60Hz
ADT1.1

230VAC/60Hz EDT  0.23 0.010 0.006 0.23 0.010 0.006 0.23 0.010 0.006

0.23 0.013 0.007 0.23 0.013 0.007 023 0.013 0.007

440VAC/60Hz ADT 044 0.097 0.043 044 0.097 0.043 044 0.097 0.043

440VAC/60Hz DT 0.44 0.013 0.00r 044 0.013 0.007 044 0.013 0.007

690VAC/60Hz ADTA 069 1.194 039 069 1194 039 0.69 1399 0.396

690VAC/60Hz ADTB 0.69 1912 0.846 0.69 1.079 039 069 1312 0.396

690VAC/60Hz DT 069 0.062 0.028 0.69 0.062 0.028 0.69 0.062 0.028

690VAC/60Hz EDT  0.69 0.037 0.018 0.69 0.037 0.018 0.69 0.037 0.018

T1 690/440V 0 0 0 0.69 0.114 0.055 0 0 0
T2 690/440V 0.69 0.114 0.055 0 0 0 0.69 0.114 0.055
T3 690/230V 0 0 0 0.69 0.063 0.033 0 0 0
T4 690/230V 0 0 0 0 0 0 0 0 0
T6 690/230V 0.69 0.102 0.054 0 0 0 0.69 0.102 0.054
Ving motor 1 069 0961 0.39% 069 0961 0.39% 069 0.961 0.396
Ving motor 2 069 0961 0.39% 069 0961 039 0.69 0.961 0.396
Bas Pervane 0.69 0.600 0.450 0 0 0 0 0 0

Dondurucu komp.1.1  0.69 0.233 0.099 0.69 0.233 0.099 0.69 0.233 0.099
Dondurucu komp.1.2 0 0 0 0 0 0 0 0 0
Dondurucu komp.2.1  0.69 0.233 0.099 0 0 0 0.69 0.233 0.099

Dondurucu komp.2.2 069 0118 0.051 0.69 0.118 0.051 0.69 0.118 0.051
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Cizelge 5.2: Gemi acil durum galisma durumlar: yiik akis analizi sonuglart.

Calisma durumu4 Calisma durumu5

kv. MW  MVAr kV MW  MVAr

BUS_SG 0 0 0 0 0 0
BUS_DG1 0 0 0 0 0 0
BUS_DG2 0 0 0 0 0 0
BUS_EMG 0.69 0.048 0.024 0.69 0.048 0.024

230VAC/60Hz ADT 0 0 0 0.23 0.010 0.006
230VAC/60Hz ADT1.1 0 0 0 0 0 0

230VAC/60Hz EDT 0.23 0.010 0.006 0.23 0.010 0.006

440VAC/60Hz ADT 0 0 0 0 0 0
440VAC/60Hz DT 0 0 0 0 0 0
690VAC/60Hz ADT A 0 0 0 0.69 0.010 0.006
690VAC/60Hz ADT B 0 0 0 0 0 0

690VAC/60Hz DT 0 0 0 0 0 0

690VAC/60Hz EDT 0.69 0.087 0.018 0.69 0.037 0.018

T1 690/440V 0 0 0 0 0 0
T2 690/440V 0 0 0 0 0 0
T3 690/230V 0 0 0 0.69 0.010 0.006
T4 690/230V 0.69 0.010 0.006 0 0 0
T6 690/230V 0 0 0 0 0 0
Ving motor 1 0 0 0 0 0 0
Ving motor 2 0 0 0 0 0 0
Bas Pervane 0 0 0 0 0 0
Dondurucu komp.1.1 0 0 0 0 0 0
Dondurucu komp.1.2 0 0 0 0 0 0
Dondurucu komp.2.1 0 0 0 0 0 0
Dondurucu komp.2.2 0 0 0 0 0 0

Yiik akisi sonuglarina gore asir1 yiiklenme durumu bulunmamaktadir. Bundan sonra

kisa devre analizine baslanacaktir.
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5.1.3 Kisa devre analizi

Kisa devre analizi, gemi elektrik gli¢ sisteminde uygun koruma elemanlarinin
belirlenmesi igcin dnemli ve gereklidir. Gemi elektrik sistemlerinde kisa devre akimi
hesab1 IEC 61363 “Electrical installations of ships and mobile and fixed offshore
units- Part 1: Procedures for calculating short-circuit currents in three-phase a.c.”
standardina gore gerceklestirilir. Maksimum kisa devre akimi hesabi i¢in, ayni anda
es zamanli olarak ¢alisabilen tiim generatdrler ve motorlarin devrede oldugu durum

dikkate alinmalidir.

Bu bolimde 6rnek gemi elektrik sistemi icin kisa devre analizi ETAP programu ile
yapilacak ve yapilan analiz sonuclar1 degerlendirilecektir. Ornek gemi elektrik
sisteminde farkli noktalardaki ve farkli gemi ¢alisma durumlarindaki kisa devre
akimlar1 hesaplanacaktir. Maksimum simetrik kisa devre akimi hesabi IEC 61363

standardina gore yapilacaktir.

Cizelge 5.3: Gemi ¢alisma durumlarina gore devrede olacak generatorler.

1 D
Generator  Generator Generator (aligma Durumu

Tipi Guci Adedi Seyir Liman Manevra Balik Acil
Avlama  durum

Generatorl  1600kW 1 - - - 1 -

Generator2  1060kW 1 - 1 - 1 -
Saft 4000kW 1 1 - 1 - -

Generator

Acildurum 160kW 1 - - - - 1

Generatort

Farkli gemi ¢alisma durumlarinda devrede olacak generatorler Cizelge 5.3’de
gosterilmektedir. Farkli gemi ¢alisma durumlari agagidaki gibi diigiiniilmiis olup, her
bir ¢alisma durumu icin ayr1 ayr1 kisa devre akim hesaplamalart ETAP programi

kullanilarak yapilmistir.

Calisma durumu 1: Gemi elektrik sistemi i¢cin manevra durumu ele alindiginda,
saft generatori devrede, generator 1 ve generatdr 2 devrede degil, 150kVA 690/440V
T2 transformatori devrede, T1 transformatorii devrede degil, 145kVA 690/230V T6
transformatori devrede, T3 transformatori devrede degil, acil durum generatori
devrede degil, acil durum transformatori devrede degil, bas pervane devrede, 690V
ADTve 690V EDT dagitim panolar1 arasindaki transfer hatt1 bagl , 230V ADT ve
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230V EDT dagitim panolar1 arasindaki transfer hatt1 bagli, ayn1 anda ¢aligabilen tim
AG motorlarin devrede oldugu diisiiniilerek tiim baralarda ii¢ faz simetrik kisa devre
akim hesabt yapilmigtir. Maksimum kisa devre akimlari bulunmustur. Calisma
durumu 1 icin ETAP programi kisa devre analizi raporu Ek-D’dedir. Rapordan
alman verilere gore farkli noktalardaki kisa devre akim hesabi sonuglar gizelge

5.4’deki gibidir.

Cizelge 5.4: Calisma durumu 1 i¢in hesaplanan kisa devre akimlart.

Sira Ariza Gerilim lac(KA) 14 (KA) Ip(KA)
No Yeri (V/Hz) t=T/2 t=T/2 t=T/2
1 690VAC/60Hz ADT 690V/60Hz  46.01 55.66 120.72
2 690VAC/60Hz DT 690V/60Hz 21.47 0.77 31.13
3 690VAC/60Hz EDT 690V/60Hz 27.36 2.04 40.73
4 440VAC/60Hz ADT 440V/60Hz 4.25 1.14 7.15
5 440VAC/60Hz DT 440V/60Hz 3.84 0.65 6.09
6 230VAC/60Hz ADT 230V/60Hz 6.97 1.22 11.07
7 230VAC/60HzZADT1.1  230V/60Hz 331 0.08 4.77
8 230VAC/60Hz EDT 230V/60Hz 4.32 0.17 6.27

Calisma durumu 2: Gemi elektrik sistemi igin balik avlama ¢alisma durumu ele
alindiginda, saft generatdrii devrede degil, generatdr 1 ve generatér 2 devrede,
150kVA 690/440V T1 transformatoru devrede, 145kVA 690/230V T3
transformatori  devrede, acil durum generatorii devrede degil, acil durum
transformatori devrede degil, 690V ADT ve 690V EDT dagitim panolari arasindaki
transfer hatt1 bagli, 230V ADT ve 230V EDT dagitim panolar1 arasindaki transfer
hattt bagli, ayn1 anda ¢alisabilen tim AG motorlarin devrede oldugu diistiniilerek
tiim baralarda ii¢ faz simetrik kisa devre akim hesab1 yapilmistir. Maksimum kisa
devre akimi bulunmustur. ETAP programindan alinan verilere gore farkh

noktalardaki kisa devre akim hesab1 sonuglari ¢izelge 5.5’deki gibidir.
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Cizelge 5.5: Calisma durumu 2 i¢in hesaplanan kisa devre akimlari.

Sira Ariza Gerilim lac(kA)  lgc(KA) Ip(kA)
No Yeri (V/Hz) t=T/2 t=T/2 t=T/2
1 690VAC/60Hz ADT 690V/60Hz 34.71 41.64 90.73
2 690VAC/60Hz DT 690V/60Hz 19.31 1.02 28.32
3 690VAC/60Hz EDT 690V/60Hz 23.42 2.72 35.83
4 440VAC/60Hz ADT 440V/60Hz 4.18 1.14 7.05
5 440VAC/60Hz DT 440V/60Hz 3.78 0.66 6.00
6 230VAC/60Hz ADT 230V/60Hz 6.86 1.23 10.92
7 230VAC/60HZ ADT1.1  230V/60Hz 3.28 0.08 4.72
8 230VAC/60Hz EDT 230V/60Hz 4.27 0.17 6.20

Cahsma durumu 3: Gemi elektrik sistemi icin ana dagitim panosundaki ana baranin
ayrilmasi durumu ele alindiginda saft generatorli devrede, generator 1 ve generator 2
devrede, 150kVA 690/440V T2 transformatoru devrede, 145kVA 690/230V T6
transformatori devrede, acil durum generatorii ve transformatérii devrede degil,
690V ADT ve 690V EDT dagitim panolar1 arasindaki ve 230V ADT ve 230V EDT
dagitim panolar1 arasindaki transfer hattt bagli, ayni anda c¢aligabilen tim AG
motorlar devrede oldugu diisiiniilerek tiim baralarda ti¢ faz kisa devre akim hesabi
yapilmistir. ETAP programindan alinan verilere gore kisa devre akim hesabi

sonuglar ¢izelge 5.6’deki gibidir.

Cizelge 5.6: Calisma durumu 3 i¢in hesaplanan kisa devre akimlart.

Sira Ariza Gerilim lac(KA)  1gc(kA) Ip(kA)
No Yeri (VIHz) t=T/2 t=T/2 t=T/2

1 690VAC/60Hz ADT A 690V/60Hz 28.76 36.23 76.91

2 690VAC/60Hz ADT B 690V/60Hz 34.93 46.08 95.48
3 690VAC/60Hz DT 690V/60Hz 18.02 1.29 26.77
4 690VAC/60Hz EDT 690V/60Hz 21.08 3.36 33.16
5 440VAC/60Hz ADT 440V/60Hz 4.17 1.14 7.04
6 440VAC/60Hz DT 440V/60Hz 3.78 0.66 6.00
7 230VAC/60Hz ADT 230V/60Hz 6.97 1.22 11.07
8 230VAC/60HZ ADT1.1  230V/60Hz 3.33 0.08 4.79
9 230VAC/60Hz EDT 230V/60Hz 4.33 0.17 6.30
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Cahisma durumu 4: Gemi elektrik sistemi icgin acil durum calisma durumu ele
alindiginda saft generatorii devrede degil, generatdr 1 ve 2 devrede degil, acil durum
generatOri ve transformatorl devrede, ayni anda calisabilen acil durum motorlarinin
(yangin pompasi, diimen sistemi pompasi 2, hava kompresorii, makine dairesi fanlar)
devrede oldugu disiiniilerek tim baralarda ¢ fazli kisa devre akim hesabi
yapilmistir. Acil durum dagitim tablosu i¢in maksimum kisa devre akimi
bulunmustur. ETAP programindan alinan verilere gore farkli noktalardaki kisa devre

akim hesab1 sonuglari ¢izelge 5.7°deki gibidir.

Cizelge 5.7: Calisma durumu 4 i¢in hesaplanan kisa devre akimlart.

Sira Ariza Gerilim lac(KA)  lac(kKA)  1,(kA)
No Yeri (V/H2) t=T/2 t=T/2 t=T/2
1 690VAC/60Hz EDT 690V/60Hz 1.97 1.56 4.35
2 230VAC/60Hz EDT 230V/60Hz 2.74 0.68 4.56

Cahisma durumu 5: Gemi elektrik sistemi icin acil durum generatoriiniin devrede
oldugu durum ele alindiginda saft generatorii devrede degil, generator 1 ve 2 devrede
degil, acil durum transformatorii devrede degil, 150kVA 690/440V T2 ve 145kVA
690/230V T3 transformatori devrede, ayn1 anda galisabilen tiim motorlar devrede
degil oldugu diisiiniilerek tiim baralarda iki fazli kisa devre akim hesab1 yapilmustir.
Acil durum ve ana dagitim tablosu i¢in minimum kisa devre akimi bulunmustur.
ETAP programindan alinan verilere gore farkli noktalardaki kisa devre akim hesab1

sonuglar ¢izelge 5.8’deki gibidir.

Cizelge 5.8: Calisma durumu 5 i¢in hesaplanan kisa devre akimlart.

N he o e we @
1 690VAC/60Hz ADT 690V/60Hz 1.52 1.52 3.21
2 690VAC/60Hz DT 690V/60Hz 1.48 1.48 2.94
3 690VAC/60Hz EDT 690V/60Hz 1.54 154 3.48
4 440VAC/60Hz ADT 440V/60Hz 1.29 1.29 2.34
5 440VAC/60Hz DT 440V/60Hz 1.25 1.25 2.18
6 230VAC/60Hz ADT 230V/60Hz 2.37 2.37 4.13
7 230VAC/60HZ ADT1.1  230V/60Hz 1.68 1.68 2.51
8 230VAC/60Hz EDT 230V/60Hz 1.97 1.97 3.12

42



Calisma durumu 5’e¢ gore belirlenen minimum kisa devre akimi selektiviteyi
belirlemek icin ve koruma rélelerinin boyutlandirilmasi igin kullanilmaktadir. Elde
edilen 2 fazli minimum kisa devre akimlari sekil 5.2 radar gorinim olarak

sunulmustur.

Sekil 5.2: Hesaplanan 2 fazli minimum kisa devre akimlari radar goriiniimii.

Ornek gemi elektrik sisteminde farkli noktalardaki ve farkli gemi ¢alisma
durumlarindaki kisa devre akimlarimin AC bilesenleri, DC bilesenleri ve tepe
degerleri yukaridaki cizelgelerde gortlmektedir. Maksimum kisa devre akimi 6rnek
gemi elektrik sistemi i¢in manevra c¢aligma durumunda 690VAC ana barada
olusmaktadir. Beklendigi gibi ana baradan uzak ariza noktalarindaki kisa devre
akimlar1 ana baraya yakin ariza noktalarindaki kisa devre akimlarindan daha
kiglktur. Dort farkli ¢alisma durumuna gore maksimum kisa devre akimlari
hesaplannustir. 11k dort farkli calisma durumu igin ETAP programindan elde edilen
kisa devre akimi analiz sonuglar1 kullanilarak, baralara ait maksimum kisa devre
akimlar1 g6z oniine alindiginda ¢izelge 5.9 olusturulmustur. Herbir baraya ait kisa
devre akimlarinin AC bilesenleri, DC bilesenleri ve tepe degerleri listelenmistir.
Cizelge 5.9’daki herbir baraya ait kisa devre akimi AC bilesenleri ve tepe degerleri
kullanilarak, koruma elemanlarinin uygun ag¢ma ve kapama kapasiteleri

belirlenebilir.
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Cizelge 5.9: Hesaplanan maksimum kisa devre akimlari.

Sira Ariza Gerilim lac(kA)  lgc(KA) Ip(kA)
No Yeri (V/Hz) t=T/2 t=T/2 t=T/2
1 690VAC/60Hz ADT 690V/60Hz 46.01 55.66 120.72
2 690VAC/60Hz DT 690V/60Hz 21.47 0.77 31.13
3 690VAC/60Hz EDT 690V/60Hz 27.36 2.04 40.73
4 440VAC/60Hz ADT 440V/60Hz 4.25 1.14 7.15
5 440VAC/60Hz DT 440V/60Hz 3.84 0.65 6.09
6 230VAC/60Hz ADT 230V/60Hz 6.97 1.22 11.07
7 230VAC/60HZ ADT1.1  230V/60Hz 3.31 0.08 4.77
8 230VAC/60Hz EDT 230V/60Hz 4.32 0.17 6.27

Elde edilen 3 fazli maksimum kisa devre akimlar1 sekil 5.3’deki gibi radar gérinim

olarak sunulmustur.

lac

Sekil 5.3 : Hesaplanan 3 fazli maksimum kisa devre akimlar1 radar gorinimu
5.1.4 Koruma elemanlari secimi

Kisa devre akim hesabinin ana amaci sistemdeki belirli noktalarda kisa devre akimini
belirlemek ve kisa devre akim kapasitesine uygun koruma elemanlarmi se¢gmektir.
Gemideki elektrik sisteminde olusan kisa devre akimlari oldukga biiyiiktiir. Elektrik
sisteminde nominal kisa devre kapama kapasitesi, nominal kisa devre agcma

kapasitesi, nominal ¢aligma gerilimi koruma elemanini belirleyen degerlerdir. Ana
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dagitim tablosunda termik-manyetik kompakt tip ve agik tip salterler kullanilacaktir.

Ana salterler ¢cekmeceli tipte ve motor mekanizmali olacaktir.

Sistemdeki koruma elemanlarinin kisa devre kesme kapasitesi (Ioy) ve kisa devre
kapama kapasitesi (Icm) i¢in hesaplanan kisa devre akimlarina bakilacaktir. Cizelge
5.9 kullanilarak hesaplanan kisa devre akimi la(t) ve I,(t) degerlerine gore koruma

elemanlarinin uygun agma ve kapama kapasiteleri belirlenmistir.

440VAC, 230VAC baralarina direkt bagl olan salterlerin ilgili baralardaki kisa devre
akimina dayanmasi gerekmektedir. 690VAC ana baraya direkt bagl salterlerin ana
barada meydana gelebilecek maksimum kisa devre akimina dayanmasi
gerekmektedir. Cizelge 5.10°da secilen termik-manyetik salterlerin kisa devre akim

kapasiteleri verilmistir.

Cizelge 5.10: Segilen termik-manyetik salterlerin kisa devre akim kapasiteleri

Sira Ariza Gerilim

No Yeri (V/Hz) lou(kA) lom(KA)
1 690VAC/60Hz ADT 690V/60Hz 85 187

2 690VAC/60Hz DT 690V/60Hz 45 90

3 690VAC/60Hz EDT 690V/60Hz 45 90

4 440VAC/60Hz ADT 440V/60Hz 35 70

5 440VAC/60Hz DT 440V/60Hz 20 40

6 230VAC/60Hz ADT 230V/60Hz 20 -

7 230VAC/60HZ ADT1.1  230V/60Hz 20 -

8 230VAC/60Hz EDT 230V/60Hz 20 -

690VAC ADT barasinda hesaplanan maksimum ariza akimi 46.01kA ve ariza akimi
tepe degeri 120.72kA olup, segilecek salter agma kapasitesi igin Ic(t)’ten, kapama
kapasitesi icin lp(t)’den biiyiik degerde salter segilir. Bu 6rnek projede 690VAC
ADT barasi i¢in agma kapasitesi 85kA, kapama kapasitesi 187kA segilmistir. Diger
baralar i¢in de hesaplanan I.c(t) ve Ip(t) degerlerinden yiiksek akim degerinde agma
ve kapama kapasiteli salterler se¢ilmistir. Uygun firma katalogundan secilen termik-
manyetik salterler ile ilgili detaylar Ek-E’de verilmistir. Ayrica hesaplamalarda
kullanilan IEC 61363 standard1 Ek-F’de yer almaktadir.
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6. SONUC

Gemi elektrik gug sisteminin belirlenmesi 6ncelikli olarak geminin tipine, gorev
kabiliyetine ve ana tahrik sistemine baghdir. S0z konusu faktorler gemi elektrik
sisteminin yapisini etkilemektedir. Konteyner gemileri, kargo gemileri, kimyasal
tankerler, yolcu gemileri, balik¢i gemileri olmak {izere pekg¢ok farkli gemi tipi

bulunmaktadir. Farkli gemi tipleri farkli elektrik ihtiyaglarina sahiptir.

Gemi elektrik gig sistemi genellikle birkag¢ dizel generator seti, ana pano, acil durum
generatori, acil durum panosu, yiikk dagitim panelleri ve gesitli yiiklerden
olusmaktadir. Tiim geminin elektrik sisteminin tasarimi i¢in ana tablo tasarimini
saglamak gerekmektedir. Elektrik enerjisi gemideki her bir tiiketiciye ana dagitim
tablosundan dagitilir. Gemilerin biiyiik ¢ogunlugunda AC dagitim sistemi tercih
edilmektedir. Gemi elektrik sistemi i¢in ¢alismalara yiik analizi ile baslanir ve talep
edilen guc bulunur, gerekli generator, transformattr kapasiteleri belirlenir. Ana
dagitim tablosundaki kisa devre akimlari hesaplanir. Kisa devre akimi hesaplari
gemi elektrik sistemi tasarimi i¢in 6nemli ve gereklidir. Maksimum ve minimum kisa
devre akimlari hesaplanir. Maksimum kisa devre akimi paralel g¢aligabilen tiim
generatorlerin devrede oldugu ve ayni anda c¢aligsabilen tiim motorlarin devrede
oldugu durumda hesaplanir. Sonugta elde edilen kisa devre akimi genellikle uygun
degerde koruma elemani se¢iminde kullanilir.  Sigortalar ve termik-manyetik

salterler sistemi ariza akimlarindan koruyan baglica elemanlardir.

Bu yiiksek lisans tez calismasinda AG dagitim sistemi olan bir balik¢i gemisi
incelenmistir. Ele alinan gemi icin, yiik akis analizleri ve kisa devre akim hesaplari
yapilmistir. Bu hesaplamalarda kullanilan veri ve parametreler gercek degerlerdir.
Yik akis analizleri ve kisa devre akim hesaplamalart ETAP programiyla
gerceklestirilmistir. Farkli noktalarda ve farkli ¢alisma durumlarina gore kisa devre
akimi hesaplamalari yapilmis, yeterli sonuglar elde edilmistir. Maksimum ve

minimum kisa devre akimlart incelenmistir. Sistemin giivenli bir sekilde ¢alismasi
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icin, elde edilen kisa devre hesap sonuglarina gore uygun firma kataloglarindan

uygun kapasiteli termik-manyetik salterler belirlenmistir.

Gemi elektrik sisteminin tasarimi dikkatli bir sekilde yapilmalidir. Sistemdeki kisa
devre akimlarini azaltmak icin tim olas1 Onleyici tedbirler planlanmakta ve
degerlendirilmektedir. Bir gemide herhangi bir ariza durumunda geminin sevk ve
tahrik sisteminin faal kalmasi istenir. Kisa devre analizinde sistemde farkli ¢calisma
durumlarinda ariza akimlar1 hesaplanir ve arizali bolgeyi sistemden izole edecek
sekilde uygun kapasiteli koruma elemanlar1 belirlenir. Koruma elemanlari, gemi guc
sisteminde bir ariza oldugunda, arizali bolgeyi sistemin kalan kismindan izole
edebilmeli ve geminin giivenilirligini ve hayati 6neme sahip yiiklerin ¢alismaya
devam etmesini saglamalidir. Gemi gii¢ sisteminde herhangi bir ariza durumunda,
topraklama, kisa devre vb. gibi, arizanin gemi gu¢ sisteminin diger bolgelerine
yayilmasint engellemek icin gii¢ sistemindeki arizali bolge ayrilmak zorundadir.
Arizali kismin sistemden ayrilmasi saglanamazsa, diger yiiklerde, kablolarda, termik-
manyetik salterlerde ve diger giic kaynaklarinda felaket arizalar meydana
gelebilmektedir. Boylece arizadan kaynakli hasar ve masraf oldukga blytk boyutlara

ulagir.

Koruma elemanlari, bir kisa devre durumunda olusan dinamik ve termik yiiklere
dayanabilecek ve hesaplanan kisa devre akimimi giivenli bir sekilde kesebilecek
kapasitede olmalidir. Eger kisa devre analizindeki bir yanligliktan dolay1 daha diisiik
acma kapasiteli bir koruma elemani belirlenirse, gemide en ciddi tehlike olan
yangina sebep olmasi muhtemeldir. Bu durum, geminin seyir giivenligini, yolcu ve
miirettebatin  giivenligini  tehlikeye sokacaktir. Sistemin kisa devre kesme
kapasitesine uygun koruma eleman1 se¢ilmemesi halinde can kaybi, yangin, enerji
kesintisi, cihazlarin zarar gérmesi, arizalarin artmasi gibi bir ¢ok olumsuz ve kotii
sonucun olusacag1 asikardir. Kisa devre analiz sonuglarmin dogrulugu koruma
elemanlarinin kapasitelerinin belirlenmesinde oldukca etkilidir. Daha az yatirim
maliyetiyle secilen uygun koruma elemani ariza akimlarini giivenli bir sekilde

kesecektir.

AG dagitim sistemi icin kisa devre akim hesaplar1 sonucu elde edilen degerler baz
aliarak pano tasarimi da yapilabilecek farkli bir ¢aligmadir. Gemilerin ¢ogunda
440V 60Hz kullanilmaktadir. Gemilerdeki elektrik giicii ihtiyaci arttikca, algak

gerilim dagitim sistemindeki akim degerleri de biiylimektedir. Ariza akim
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seviyelerini azaltmak icin dagitim sistemi gerilim seviyesinin biiyiitiilmesi
gerekmektedir. Cok blyuk elektrik yuki olan gemilerde 3.3kV, 6.6kV ve 11kV gibi
orta gerilim seviyelerinde ¢alisan generatorler bulunmaktadir. Orta gerilim seviyeleri
akim degerlerini azaltacagi ve bdylece secilecek kablo ve gerekli ekipmanlarin
boyutlarin1 azaltacagi i¢in ekonomik olarak gereklidir. Bu sekilde orta gerilim
seviyelerinin kullanim1 gemi boyutlar1 ve gorevleri arttigi siirece daha fazla
yayginlasacaktir. Daha biiyiik elektrik yiikiine sahip OG dagitim sistemi olan gemiler
icin bu tezdekine benzer c¢alismalar yapilabilir. Gemilerde OG projeleri heniiz

ulkemizde ¢ok yaygin degildir, fakat giderek yayginlasmaktadir.
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Bolim 4 — Gig Dagriimi ve Koruma A

4.2
A Uy Fazh Ana Jeneratdrler
1. Genel

Ana jeneratorier tek tek veya paralel olarak ilgili ana
tablolan beslerer.

11 Bagimsiz galisma

Bagimsz galigma, her jeneratdrin kendisine ait baray
beslemesi anlamina gelir. Bu sistem uygulandifjinda
tiketicilerin veya tiketici gruplannin segici salerer
yardimiyla en az iki ayn bara sisteminden veya iki ayn
jeneratdrden beslenebilmeler mimkin olmalidir.

12 Paralel galisma

Paralel galigmada, jenerattrer ana tablo icerisindeki ortak

bir bara sistemini beslerder. Toketici beslemsler bu bara

sistemine baghdir.

2. Koruma Teghizat
21 Genel
211 Jeneratirier en az kisa devrelers ve agin

yiklenmelere karg: korunmaldir.

212

jeneratdrin

Jeneratdrerin  koruma techizab. korunacak
agma-kapama
dizenlenmeli ve jeneratdr tarafindan beslenmelidir.

donanimi alaninda

213
techizat, her topraksiz iletken igin saglanmalidir.

Kisa devre koruma wve agin yik koruma

2.2 Kisa devre alumina karsi koruma

221 Kisa devre akimina karg koruma, %50 nin
Gzerinde fakat kalici kisa devre akimindan daha kigik bir
agin akima ayaranmabdir (tercihen 2,8xl,). Sistemin
selekiivitesine uygun olarak kisa bir gecikme soresi
almaldir (300-500 milisaniye).

222 Kisa devre akimina karsi koruma teghizati,

gerilim  dismesi nedeniyle galigamaz  duruma

gelmemelidir.

223 1500 VA wve dzerinde nominal glcd olan

jeneratirler; jeneratirde veya jeneratdr ile devre-kesicisi
arasindaki kabloda bir kisa devre oldujunda, dewre
kesicisini agan ve jeneratdrin enejisini kesen uygun bir

keruma dizeni ile techiz edilmelidir.

Uygun koruma dizenine dmekler; diferansiyel koruma
veya jeneratdr-nétr noktas) izlenmesidir.

2.3 Asgin yilk korumas:

2.31 %10 ile %50 arasinda bir asin akim dederine
ayarlanmasi gereken agin yik korumasi jeneratdr devre
kesicisini 2 dakikadan fazla olmayan bir siirede devreden
gikarmalidir. Asin akimin %50'nin Gzerinde bir degers
ayarlanmasina ancak ¢alisma sartlan gerektirdiginde ve
jeneratir karakteristikleri uygun ise misaade edilir. Agin
yik korumasi jeneratdrin tekrar devreye alinmasinda

engel teskil etmemelidir.

232

akmmina ulagtiktan 5 sn. sonra, bir ikaz sinyali vererek,

Devraden gekilen yik akimi jeneratér nominal

ikincil tiketicileri ve gerekirse ikincil teghizati otomatik
clarak devreden gikaran bir dizenin kurulmas tavsiye

edilir.

Yoleu gemileri fle makina daireleri personelsiz alan
gemilerde, ikincil tiketicilerin otomatik clarak devre digina
gikanimasi zorunludur.

24 Ters giice kars) koruma

241 Gikiz gicd 50 kVA'nin dizerinde olan ve paralel
calismak amacryla tasarlanmig jemeratorier, gecikmeli
ters-gig tripi ile korunmalidir.

2.4.2 elemanlan  tahrik  makinasmin
uygun
ayarlanmalidir. Ayar sahalan, zaman gecikmesi 2 ile §

turbo-jeneratirerds,

Komuma

karakteristiklerine olarak  segilmeli  ve
saniye arasinda olmak dzere,
nominal gikig glcdnin %2-%6's:, dizel jeneratsrerde ise
%8-% 15" arasinda clmalidr.

Mumkon olan  hallerde,

koruma elemanlan  tahrik

makinasinin gekme gleinin %50sine ayardanmalidir.
Gerilim, nominal degerin %50'sine distigi zaman, ters
akima kargi koruma elemanlan, bu simidar iginde etkili

clarak galigmalidir.
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25 Diisiik gerilime karsi) koruma

Jeneratorin devre kesicisi, diisik gerlim kesme sistemi ile
donatiimalidir. Gerilim, nominal degerinin %70-%35ine
distigld zaman, jeneratirin dewre kesicisi, ofomatik
olarak agmalidir. Digik gerilime kargl korumamin gecikme
zamani, kisa devre korumasi kadar clmahdir.

2.6 Aszin gerilime karsi koruma

Gemi elektrik devresi agin gerilime karsi korunacakfr.
Gerilim, %130 Uy we maksimum § sn. ile simir olacaktir.

27 Diigiik frekansa karsi koruma

271 % 10'dan fazla devaml frekans digimi olmasi
halinde, ikincil tiketiciler ve gerekirse ikincil teghizat 5-10
sn. iginde devre digina gikmahidir. Bu normal galisma
kosullannin saglanmasina yeterli elmazsa, yedek Gnitenin
devreye girmesini teminen devredeki jeneratér gl
beslemesinden gikarilacaktr.

272 Faft jeneratdrerinin, digik frekans durumunda
devre digima alinmasi igin, B&lim 3, B.4'e gbre koruma
saglanmalidir.

28 Testler

Jeneratdr koruma dizenlen, zorunlu tip testlerine tabidir.

3 Agma Kapama Elemanlan
31 Genel
3141 Topraklanmamig her iletken, agma-kapama

duzenine sahip omal ve kisa devre ve agin yuklere kars

korummalidir.

312 Jeneratdr ana salteri, agin akimdan dolay

aghktan sonra, yeniden derhal devreye alinmasi igin hazir
igin
jemeratdrlerin devrelerinde gift-metalli termik elemanlarin

olmahdir. Ana tdketiciler beslemsk kullanian

kullamiimasina izin verlmez
3.1.3

Jeneratdr devre kesicisi, bir kisa devreden

dolayr agmasindan somra otomatik oclarak  tekrar

kurulmasini engelleyen bir sisteme sahip clmalidir.

314 Birincil ana tiketicileri besleyen  devredeki
kontaktiSrerin dizayminda algak geriim  anahtarlama
IEC B80847-41

Slgulendirilecektir.

elemanlan "Tip 2" ye uygun olarak

315 Personel givenligi saglanmis we elekink

sistemlerinin segici korumasi seri olarak cihazlar
tarafindan garanti edilmig ise, ikincil ve daha az dnemes
sahip tiketicileri besleyen algak gerilim anahtardama
IEC 6084741 “Tip 17

elemanlan e uygum olarak

Slgalendirilebilir.
3.2 Bagimsiz galisma

Asadida belirtien teghizat saglanmalidir:

321

gecikmeli kisa devre tripli ig kutuplu bir devre kesici.

Zaman gecikmeli agin akim ve kisa zaman

322 Mominal gicd 50 kWA'dan

jeneratbrier igin sigorta ve yiik galterine veya kontaktSrd

kiigik olan

sigortalara da izin verilir.

Kullanilabilecek her jemeratdr kontakidrl bir gecikme
siresine sahip clmah (500 ms.'ye kadar) ve nominal akim
deder, jeneratdr akimimn iki kat clmalidir.

33 Paralel galisma

Asafida belittilen techizat saglanmalidir:
331 Her jeneratdr igin gecikmeli agin akim tripli ve
kisa zaman gecikmeli kisa devre ve digik gerilim tripli bir
Ug kutuplu devre kesici.

3.3.2 Faralel olarak galigmas: Gngoralen
jeneratirierin saltererinde. jeneratr galismaz durumda
iken salterinin kapanmasini  onleyici daguk gerlim

korumas! bulunmalidir.

333
kararima

Bir tekil hata, senkronizasyon devresinde veya

izlemede wuyumsuz bir baglantiya yol

agmayacaktir.

4. Senkronizasyon Teghizat

Faralel caligmas: ongérilen jeneratdrer, 4.1 ve 4.2'e

gore senkronizasyon dizeni ile teghiz edilmelidir.
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44 Bolim 4 — Gig Dagrbmi ve Koruma B,C,D
4.1 Hatah senkronizasyonu dnleme teghizat c. Diogru Akim Jeneratdrieri
Paralel gahgmas) &ngérilen jeneratdrerde, otomatik 1. Bagimsiz Gahsma

senkronizasyon techizati bulunmalhidir. Otomatik teghizat
yerine, yan octomatik kontrol senkronizedi el kumandal
senkronizasyon teghizah bulunakbilir. Hatal
senkronizasyonun Snlenmesi igin, Bolim 20, E 4.8'deki
kogullara uyulmalidir.

4.2 El kumandah senkronizasyon

4.1"de belirtilen teghizatin anza yapmas! durumunda, el
kumandal senkronizasyon (jeneratdr galter calistima
konumu gdrme alam igine konulmus sénen 151k yontemli

senkronizasyon) mimkin olmaldir.

B. Ug Fazh Emercensi Jeneratdrler

Emercensi jeneratdrer, emercensi tabloyu we ona bagh

emercensi tiketiciler besleder.

1. Koruyucu
Teghizat

Teghizat wve Agma-Kapama

Jeneratir korumasinda asgar asajidakiler saglanacaktir:
- Kisa devre korumas:

- Az yok korumas:

- Digik voltaj korumas:

Bununla beraber, jeneratdrin asn yike kars koruma
sisteminin, jeneratani ctomatik olarak devre drgi birakmas:

yering, ana ve emercensi tablolarda sesli ve 151kl sinyaller

wvasitasryla alarm vermesine misaade edilir.

2. Asin Yiikiin Dagitilmasi
Emercensi jeneratdr agin yiklenmis ise, emercensi
tabledan gecici clarak beslenmekte olan, emercensi

tiketiciler digindaki diger thketiciler devre digi kalarak,

emercensi devralerin beslenmesini saglamalidir.

Bagimsiz galisma igin asagidaki techizatiar saglanmaldir:
1.4 Her jeneratdr igin gecikmeli agin akim tripli ve
kiza zaman gecikmeli kisa devre tripll veya yetedi kesme
kapasitesine sahip, yik altinda yayla kurulabilen anahtar
ve kutuplan topraklanmamig sigortadan olugan, batin
topraklanmarmis kutuplan aymi zamanda agma-kapama
yapabilen dewre kesicisi.

1.2 Devre kesiciler daima gikis goici 50 KW we

Ozerinde olan jeneratdrer igin kullanilmaldir.

2. Paralel Calisma

Paralel galisma igin asagidaki teghizat saglanmalidir:
21 Her jeneratdr igin gecikmeli asin akim trip ve
kisa zaman gecikmeli kisa devre fripi ile bidikte ters akim
tripli ve kisa zaman gecikmeli digik gerilim kerumali,
batin topraklanmarmig kutuplan aymi zamanda agma-
kapama yapabilen devre kesici.

2.2 Kompaund jeneratdrerde anahtar, egpotansiyel
dewre igin bir anahtardama elemanim da igemelidir. Bu
eleman devre kapandifn anda veya daha dnce devraye
girmeli. devre agildiginda ise veya daha sonra agilmal ve

akin Kkapasitesi en az nominal akimm yans) kadar

clmahdir.

23

saglanmalidir.

Her jeneratdr igin kutup degistime olanad

D. Giig Transformatdrieri

1. Faralel caliszma igin tasarlanmig
transformatdrier, yliklenmeys devam ettikleri sirece, her
transformatdr kendisine disen oransal paydan, nominal

glhednin % 10'undan daha fazla yiklemmemelidir.

Her bir transformatdnin ayr bir unite olarak esdeger ayn
muhafaza ile yerlestinimesi istenir ve primer ve sekonder

taraflanndaki devrelerin aynlmig olmasi gerekmektedir.
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Her primer devrenin her fazinda, devre agma-kapama

elemamni ile koruma elemanlan bulunacaktir.

Her sekonder devrede cok kutuplu izolasyon salteri
bulunacakhir. Bag iticiyi besleyen transformatader harig.

2. Gig transformatdrerinde, agin yuk ve kisa devre

korumasi saglanmalidir. Transformatérer paralel
baglandijinda, primer tarafindaki koruyucu techizatin

agmasi ile sekonder tarafindaki galter de otomatik olarak

agmalidir

Geri  beslemenin  mimkin  olduju  sistemlerde,
transformatdrerin hem  primer hem de  sekonder
taraflannda salter bulunmalidir.

E. Akumiilatorler

Bdlim 2, C dikkate alimacaktir.

F. Gilg Elektronigi Teghizat:

1. Gig Elektronigi teghizat, agin yliklenmeye ve
kisa devreye kargi korunmalidir.

2. Emercensi tiketiciler emercensi

akimilatdrierden besleyen inverterler sirekli ¢alisma

esasina gore dizayn edilmelidir.

G. Sahilden Besleme

1. Sahil beslemeye ait baglant kutular sabit

disenmisz kablolarla gemi sistemine baglanmalidir.

2. Gerektigi takdirde, koruyucu bir iletkenin veya
bir potansiyel dengeleyicinin bajlantizi ile ilgili dizen
sadlanmalidir.

3 Sahil besleme, sadece ana jemeratdrern
saltereri devreden giktign zaman mimkin olmaldir. ik
aktanmi amaciyla, geminin gig besleme sistemi ile sahil

beslemesinin kisa soreli paralel gahgmasina izin verilir.

4. Sahil besleme devresi galteri olmal ve kisa

devreye ve agin yuklenmeye karsi korunmaldir.

Sahil besleme baglanti kutusunda, asgari olarak, kisa

devreye karsi koruma saglanacaktir.

5. Ana tablo Gzerinde, sahil bajlant devresine ait

bir gerilim gdstergesi bulunmahdir.

[ Sahil besleme baglantisimin polaritesinin {dofgru
akimda) ve faz sirasinin (Og fazh altematif akimda) gemi
devresi  ile diizenler

karsilastinimasim  saglayan

bBulunmalidir.

7. Sahil badlanti kutusu dzerinde asadidaki
bilgileri igeren bir etiket bulunmalidir; gerilim sistemi ve

naminal gerilim, aynca alternatif akim ise frekans.

H. Tiiketici Koruma Teghizah
1. Genel
1.1 Koruma teghizat, bir kisa devre durumunda

selektivite muhafaza ediecek sekilde segilmeli wve
jeneratir korumasi ile koordine edilmelidir. Gerekirse,
kamitlar dofrulanmalidir.

1.2 Dagiim devresindeki her topraklanmans iletken
agin yuklenmeye ve kisa devreye kargl kerunmalidir.
1.3 3 fazh sistemin tekneden izole edildigi
durumlarda, tim fazlann ayrilmasi saglanmissa, agin

akima karg koruma sadece 2 iletkende yapilabilir.

2. Mihai Besleme Devreler

21 Motor koruma anahtarh devre kesiciler
Kendi agin yiklenme korumasi bulunan tek bir ahciy
besleyen bir devrede, sadece kisa dewre korumasmin
girig noktasinda olmasmna miisaade edilebilir. Bu tip
besleme devrelerinde sirekli galisma igin segilecek sigorta
akwni, toketicinin nominal akimimin iki kademe dstinde
segilebilir. Kisa sireli veya aralikli galisma igin sigorta
akwrn  tiketici nominal akimimin %160'wndan  fazla
clmamalidir. Anahtarlar sigorta neminal akimlanna uygun
clarak segilmelidir.

22 Dievre kesiciler kullamiliyor ise, kisa dewre

kesme akimi, toketici nominal akirmimin en fazla 15 katina
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kadar ayarlanabilir, ancak ilgili devrenin baglangig kisa
devre akimimin minimum degerinden yiksek clmamalidir.
Dimen donanmi igin Balim 7, A'ya bakmiz.

2.3 Gerekli olduju hallerde, devre kesiciler ve
mtor koruma anahtaran imalate tarafindan belidenen
sigortalarla desteklenider. Selektif gecikmeli agma dzelligi
olmayan salterler tek bir devre Ozerine seri olarak
baglanamaz.

2.4 Aydimlatma

sigortalar 164°in Uzerinde olmamalidir.

nihayet dewrsleri Gzerindeki

Bir devreye bagh aydinlatma armatirindn sayisi ile ilgili

olarak |.5% bakimiz

I Giig Dagitimi
1. Elektrik Besleme Sistemleri
1.1 Misaade edilen besleme sistemlen ile ilgili

olarak, B&lim 1, G'ye bakiniz.

1.2

sistemleri

Tekne biinyesinden donisld besleme

1.21 Tim nihai besleme devrelernin bitin kutuplan
izoleli clmalidir. D&nds iletkenler, ilgili dagitm panelinde
yer irtibath  bir

baglanacaktir.

alan we gemi blnyesine baraya

1.2.2

en az beslems dewvresi kesidi kadar olmahdir. [zolesiz

Geminin binyesine yapilan baglantilann kesidi,

kablolar kullanilamaz. Muhafazalar we bunlann baglanti
crvatalan, dénis devresi olarak veya devrenin baglantis:
olarak kullamimamaldir.

1.3 Bir ortak besleme devresine, en fazla Og

dagitm paneli baglanabilir.
2. (g Fazh Sistemlerde Yiik Dengelenmesi

Ug fazh sistemlerde, tek fazl tiketiciler iki faz arasina
veya faz ndtr arasina baglandiginda, nomal galisma
kosullarinda, her bir fazin yikd difer fazdan en gok %15
farkh clmalidir. Aynica Béldm 12, C.5% bakmiz

3. Ana Besleme Kablolan
31 Ana ve ikincil teghizat, Kurallar'a gbre, tercihen

dofgrudan ana veya emercensi tabledan beslenmelidir.

Dagiim panellerinden beslemeye, esdeder beslems
guwvenligi garanti edilmigse, izin verilebilir (B3lim 2, A.3).
3.2 Aymi grevi yapan (Gmedin; ana ve standby
yadlama yad pompalari) ana tiketicilerin beslemelari ana
tablodan ayn ayn kablolarda ya da bagimsiz iki ayn tali
dagium panelinden yapidmaldir.

Gaz tankerlerindeki karge bakim sistemleri ve sogutulmus
kargo gemilerinde kargo sofutma merkezi besleme

sistemleri istismadir.

Crimen makinas) besleme sistemi ile ilgili olarak Balom 7,
A'ya bakiniz.

4. Emercensi Besleme Kablolan

41
tablodan

Emercensi tiketiciler dodrudan emercensi
ilgili yangmn bdlgesindeki
tiiketicilerin badlandid daditim panellerinden beslenebilir.

veya sadece

42

ana tablodan bir besleme devresi ile beslenmelidir. Bu

Mormal galigma durumunda emercensi tablo

devre dzerinde agin akim ve kisa dewre korumasi
bulunmalidir. Ana tablo enerisinin kesilmesi halinde bu
besleme devresini emercensi tablodan otomatik olarak
ayiran bir dizenek bulunmalhdr.

4.3 Emercensi tablodan ana tabloya bir ger besleme
yapiimasina, émegin; 4l0 gemi durumundan baglangig
gahstirmas) igin veya istisnai olarak liman hizmet igin
Bélam 3, D' ye riayet edilereak misaade ediebilir. Ger
besleme galigmas) esnasinda, 4.2'de bahsi gegen

otomatik aywma dizensdi gegici olarak iptal edilebilir.

5. Aydinlatma Tesisatimin Beslenmesi

5.1 Ana aydinlatma tesisatlan ana tablodan,
emercensi aydinlatma tesisatlan ise emercensi tablodan
beslenmelidir.

5.2 Bir nihai devreye bagh aydinlatma amatind

EEETS
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55 V'a kadar 10 adeti.

55 \V'un Gzerinde, 125 \Va kadar 14 adeti,

125 V'un dzerinde 24 adeli gegemez.

53

akimlanm ayn anda ve beraber kesmelidir. Tam fazlann

Salterler, topraklanmamis botin iletkenlerin

izole oldugu aydinlatma sistemlerinde, nihai devrelerde tek
kutuplu kesmeye, sadece yagam mahallerinde misaade
edilebilir.
5.4 ‘Yagam mahalleri disinda, priz devreleri ayn bir
devre olmahdir. Bir devreye bajlanabilecek priz sayisi
hesaplanirken bir priz iki aydinlatma armatinine esdeger
olarak kabul edilmelidir.

5.5

sigortah en az iki devre Gzernden yapilmahdir:

Asadida belittien mahallerde. aydinlatma ayri

5541 Makina daireleri, hizmet mahaller ile kumanda
istasyonlar;

5.5.2 Biydk kuzineler;

553 Gegis yollan;

5.54 Filika guverteye gikan merdivenler;

555 ‘Yolow ve mibrettebat salonlan;

5.56 Tankererde pompa daireler.

5.6 Aydinlatma  armatirlen, devrelerden  bin

kesildigi zaman yeteri aydinlatma yapabilecek sekilde
yeregtirimelidir.

6. Seyir ve isaret Fenerleri

61 Borda, silyon ve pupa fenerleri, seyir fenerer
panelinden ayn devrelerden beslenmeli, her devre agin

yiklenmeye ve kisa devreye karsi korunmalidir.

Silyon fener(ifleri, borda fener(ijlen ve bir pupa feneri gift

olacaktir veya ¢ift ampulll mente edilecektir.

Aymi tipten, ana ve yedek fenerler besleyen ilsthenler aym
kablo iginde bulunabilir.

6.2
Denizde Catismay Onleme Tizl§i"nin gerektirdifiisaret

Seyir fenerderi panelinden, "Uluslararas:

lambalan da beslenebilir. Bu panele dijer tiketiciler

baglanamazlar.

6.3 Seyir fenereri ve isaret lambalan paneli, ana ve
emercensi tablolardan beslenmelidir. ARematif gic
kaynagina ctomatik gegise misaade edilecek ve alarmi
olacaktir.

6.4 Seyir femedern  paneli  Gzerinde, seyir

fenerderininayn ayn OM/OFF kumandalan bulunacaktr.

6.5 Seyir fenereri paneli, seyir fenerderinin ON/OFF
durumilar igin gérsel gisterge sajlayacaktr.
6.6 Onceden programlanmis seyir femerer grup

ayarlan saglanabilecektir

6.7

fenerin anzalandidini gdsteren bir itk veya seshi alarm

Seyir fenerleri paneli izerinde, her fener igin ilgili

bulummalidir.

Eger izleme cihazi seyir feneri ile ser baglanmis ise, bu
cihazin arnzalanmasi halinde seyir fenerinin sénmemesi

igin gerekli énlem alinmalidr.

6.8 Seyir fenerer paneli, seyir fenederinin mewvcut
durumlarimi IMO Resolution MSC.181(79) daki isteklen
karsilayacak sekilde mantiksal bir sunumla gosterecektir,
6.9 Seyir fenereri paneli 0zenndeki tom géstergeler
kisilabilir clacaktr. Efer mewvcut ise, ekran pardakhd

kontrol edilebilir olacaktir.

6.10 Ledlerin 151k sgiddetinin azalmasini Gnlemek
amaciyla Vardiya Zabitini aydinlatma siddetinin COLREG’
te belirtilen seviyenin altina dastijldndean dolay! uyarmak
igin bir alarm fonksiyonu aktif hale getirilecektir veya LED
ler sadece dreticinin, LED lerde ihtiyag duyulan aydinlaima
siddetinin  korunmasi igin  belidedigi kullanim &mr
siresince kullanilacaktir. Uygunluk serifikasindaki seyir

fenereri hakkindaki dzellikler gorilecektir.

6.11

kaynagmdan besleniyor ise, armatir duylannda mewcut

Eder seyir fenereri geminin ana elekirik

gerilim, sirekli olarak, nominal gerilimden en fazla %5

ocraninda farkh olabilir.
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Seyir fenererinin, ana elektrik kaynagmdaki bir anza
nedeniyle bir emercensi kaynaktan beslenmeasi halinde
armatir duylanndaki gerlim. gegici olarak, nominal

gerilimin %10 altinda veya dzerinde olabilir.

7. Kumanda, lzleme wve Gemi Givenlik
Sistemleri
Kumanda, izleme we gemi giwenlik sistemlerinin

beslemesi asafida beliilen kurallara uygun olmalidir
(Balim B B ye de bakmiz).

TA

beslenmelidir. Kisa devre durumunda, ayn devrelern

Bu sistemlerin hepsi kendilerine ait devrelerden

segmeli olarak kesilmesi saglanmalidir.

7.2

gahsmaya devam etmesi zomunlu olan sistemlerde

Ana glg kaynadimin kesilmesi halinde dahi

akimidlatdrer tarafindan da beslenen ortak bir sebeke
kullanilabilir. Bayle bir sebekenin agagidakilerden biri veya
digerinden clugan iki besleme sistemi olmasi zorunludur:
721 Bir akimdilator grubu ile birlikte tampon galigma
yaparak, aym anda hem akimilatdrer garnl tutup hem de
sirekli olarak bitin tiketicileri beslemeye yeteri bir garj
dnitesi ile birlikte ¢ahgan wve bagh tom tiketiciler
besleyebilecek kapasitede bir gig besleme dnitesi; veya

T.22 Madde 7.2.1'de belirtilenleri saglayan iki sarj
dnitesi.
T3 7.21 ile 7.2.2'de belitilen gog besleme

techizatlanindaki kalic dalgalanma, akimolatrerin gegici
olarak devre disi kalmasi durumunda bile toketicilern

gahsmasim etkilemeyecek dizeyde almahdir.

T4
bir tanesi ana tablodan beslenmelidir.

Gilg besleme dnitelen veya sarj dnitelerinden

7.5 Bir besleme sisteminin veya garj Onitesinin
kesilmesi durumunda 151kh ve sesli sinyaller verecek alarm
tertibat olmalidir.

7.6 Far kapasitesi P 2 2 kW olan akOmilatdr garj
aniteleri, bir sdrveydr nezaretinde, Oretim yerinde test
edilmelidir.

8. Emercensi Durdurma Teghizat

Asadidaki titketicilerin yerlestinldikleri mahallin diginda bir
emercensi durdurma teghizati olmalidir. Takeficiler,
gruplar halinde dizenlenebilir. Yedeklenmis tiketiciler en

az iki ayn grup olarak paylagtinimaldir.

Emercensi durdurma techizatl asadwdaki tiketiciler igin

sajlanacaktir

- fakit pompalan,

- Yaglama yad pompalarn,

- fag yakan sistemler,

- Seperatdrler,

- Fan motorlan,

- Kazan bloverleri,

- Ana makinalar igin yardime: bloverler,

- Kizgin yag pompalar:.

(Aynca TL Kurallan, Kisim 4-Makina, B&lim 18% bakimiz).

a. Telsiz we Seyir Teghizat:

9.1 Genel

Ana wve emercensi elekirik gig kaynaklan, telsiz
teghizatinn galismasini saglayacak ve telsiz techizatinin
tim yedek gig kaynaklanm sarj edebilecek kapasitede
clmahdir.
911 Telsiz ve seyir teghizatl dogrudan hem ana
elektrik gig kaynagindan hem de emercensi elektrik giig
kaynagindan ayn gl besleme devreleri ile baslenmelidir.
9.1.2 Telsiz teghizat gig dagtimi seyir
teghizatl igin olandan bagmsiz olmahdir. Ana wve
emercensi elekirik gic kaynagindan gelen devreler bir
veya iki dagiim panelinde sonlanabilir. EJer bir dagitim
paneli kullaribrsa; biri telsiz teghizat, difer seyir teghizat
igin olan 2 ayn baradan aynk besleme yapilacaktr.
Panel{ler}) seyir kiprisinde weya kipri glvertede bir

baska uygun pozisyonda bulunacaktr.
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513
kaynadi ve emercensi elekirik gig kaynadl arasinda

Her dagitim tablosunda ana elekirik gig

besleme degistirme imkanlan clmaldir. Bu degistimme

imkanimin otomatik olmasi tercih edilir.

Eger telsiz ve seyir teghizat igin tek bir dagitim paneli

kullamilacaksa aym segici anahtarlar saglanmalidir.

9514

képrisinde bir alarmi baglatacaktr.

Herhangi bir gig beslemesindeki anza seyir

52
9.2.1

Telsiz teghizat

Her gemide, ana ve emercensi elekirk gug
kaynaklannda bir anza olmas) halinde, emercensi ve
giwvenli telsiz trafiinin  sajlanmasi amaciyla, telsiz
teghizatim besleyen bir veya daha fazla saywda yedek
elekirik gig kaynadi veya kaynaklan bulunmalidir.

9.2.2 Yedek enerji kaynag ile ilgili diger kogullar igin,
SOLAS Kisim IV ve ilgili IMO kilavuzlarina bakiniz.

9.3 Seyir Teghizat
Ana seyir teghizatl Szellikle, diomen standi ve pusula,

radar ve yon-bulma techizatini igerir.

Telsiz cihazlannin kesintisiz bilgi aldigi geminin seyir
teghizat beslemesi telsiz teghizatiyla aym baradan
beslenscektir.

10. Ses Sinyal Sistemi

Gemi ses sinyal sistemi, ana elektrik gig beslemeasinde

sorun yasanirsa galisir durumda olacakbr.
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BOLUM 5
ALCAK GERILIM ACMA-KAPAMA ELEMANLARI

Sayfa
1. Kisa Devre Akimlaninin Hesab
2. Is1 Kayiplan (Is1 Dengesi)
3. Dinamik ve Termal ¥kler
1. Genel
2. Ana Tablolar
3. Emercensi Tablolar
4. Dafitim Panelleri
5. Motor Starterlen
DEVRE AGMA-KAPAMA ELEMANLARININ SEGIMI.......oo oo 5
1. Genel
2. Devre Kesiciler
3. Yik Jalterler
4. Sigortalar
ELEKTRIKLI KORUYUCU TECHIZAT SECIMI....ooo et BT
. Genel
. Kisa Devre Koruma Techizah
. Segici Koruma
. Azin Akim Koruma Cihazlan
Kisa Devre ve Agin akim Koruma Cihazlanmin Yeresgimi
Motor Korumas:
. Kumanda Devreler

. ':".'Jlgme ve Sinyalizasyon Devreler

[T T T T S

. Uyarma Devreled

10. izclasyon Direncinin izlenmesi

11. Blydk Tiketicilerin we Jeneratirlerin Koruma Dizenlerinin Gemide Testi

ILETKENLER VE BARA TASIYICILARL ..ot s e mes s amms s sne o D
1. Giplak veya Boyal Baralar

2. Bara Tagiyicilar

3. Agikhiklar ve Atlama Mesafeleri

4. izoleli iletkenler

OLCME ALETLERI VE TRANSFORMATORLER ..o oo BT
1. Digid Aletleri

2. Dlgid Transformatireri

TABLOLARIN VE DEVRE ACMA-KAPAMA ELEMANLARININ TESTLERI.....ooooovoeeeeeeen 511
1. Tip Testler

2. fmalal.g inin Yerndeki Testler
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5-2 Balim 5 — Algak Gerilim Agma-Kapama Elemanlan AB
A Genel onaya sunulmalidir.

1. Bu kurallar galigma gerilimi 1000 V AC we Alternatif  akim  sistemlerinde  asagidaki  deferier
1800 ¥V DC'ye kadar olan algak gerilim agma-kapama belifenmelidir:

elemanlarina uygulanr.

2 Elekirik teghizati agin yiklenmede ve kisa

devraede hasar gdrmemesi igin korunmalidir.

3 Agin akim nedeniyle meydana gelen termik

ve elektrodinamik  kuwwetler, koruma elemanlannin

cevap verme siresinde veya devre kesicilerinin agma

siresinde herhangi bir tahribata neden clmamalidir.

4. Azin akim  koruma elemanlan  asagidaki

parametrelere gire segilmelidir:

- Azin yik akmni,

- Kisa devre akimi,

- Tekrar devraye girme Gzelligi.

LR Algak gerilim agma-kapama elemanlannin

yapIs IEC 60082-302 goz

dninde tutulmalidir.

dizaymi, ve ftestlerinds

6. lave notlar igin BSlim 4’ bakiniz.

B. Hesaplar

1. Kisa Devre Alumlannin Hesalb

1.1 Kisa dewre hesaplan TL tarafindan kabul

edilmis bir standarda gére yapimalidir (Gmegin: IEC
61363-1).
12 Meydana gelmesi olasi maksimum  kisa
devre akimlan hesaplanrken asajidaki hususlar géz
Gnine alinmalidir:

121 Maksimum gig istegini kargilamak Gzere
paralel galian tum jeneratGrier ve,

1.2.2 Bitin motorarm birlikte gahistd varsayilir.

Kisa dewvre akimi hesabinda kullamilan botim bilgiler

- Maksimum kisa devre akim, i

- Baslangig simetrik kisa devre akimi, I

1.3 Ana baradaki kisa devre akimlar, yaklagik

clarak . asadidaki sekilde hesaplanabilir:

- I~ -100
134 1. i =l
xd" (%)
I'k'G = Jeneratorin baglangig simetrik kisa
devre akimi,
s = .Jeneratirin nominal akimi,
xd" = % olarak jeneratdrin alt gegici
reaktans
132 Igyy = 6-Tm
I;CM = Motorun basglangig simetrik kisa devre
akimi,
Ina = Motorun nominal akim.
1.3.3 Toplam baglangig simefrik kisa dewre akim,

tekil bilesen akimlarninin toplamindan hesaplanabilir.

134
baglangig simetrik kisa devre akimi I'y'nin 2,3 fakidrd

L pik kisa devre akimi degeri, toplam
ile garpimindan hesaplanakbilir.

1.4 Kisa devre akimi hesabi, mimkin olan tim

kisa devreler géz énine alinarak yapimahdir. Agagidaki
kisa devre tipleri her durumda incelenmelidir:
- Jenerator kisa devreler,

- Ana baralardaki kisa devreler,

- Emercensi tablo baralanndaki ve ana dagitim

panellerinin baralanndaki kisa devreler.
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15 Kisa devre hesabi ile bidikte kullanilan agma-

kapama elemanlarnim we bunlann  karakteristiklerini

belirten bir liste olmaldir.

Kisa devre akimlarinda agma-kapama elemanlannin

nominal agma-kapama kapasitesi we gig faktGrd
belirtilecektir.
1.6 TL., gerskirse minimum  kisa  devre

akimlannmn hesap edilerek verlmesi hakkim sakh tutar.

2. Is1 Kayiplan (Isi1 Dengesi)

Agma-kapama elemanlan, igletm kosullarinda, IEC
G0092-302%e gire izin werilen sicaklk artiy simirdan

asiimayacak sekilde dizayn edilmelidir.

TL, 151 denge hesaplanimi isteme hakkma sahiptir.

3. Dinamik ve Termal Yikler

3.1 Agma-kapama elemanlan, bir kisa dewre
durumunda olugan dinamik ve termal yikler nedeniyle;
baralarda, bara tutucularinda wve tellerde kalici hasar

olusmayacak sekilde dizayn edilmelidir.

TL.

kararliigin ispat igin hesaplan isteme hakkina sahiptir.

kisa devre durumundaki dinamik wve termal

3z Pik akimu 220 k&

sistemlerde, mominal pik dayamim akimi (lge) we nominal

()} G=zerinde clan
kisa sOreli dayamim akimi (lew) igin IEC &1438-1
Paragraf 9.3 veya esdeger bir standarda uygun olarak

yapilan testlerin sonucu dokimante edilmelidir.

C. Yapi

1. Genel

1.1 Biton cthazlar, aletler ve kumandalar kalhe
etiketlede  tamitilmalbidir.  Mimkdnse, agk  metin
kullanimalidir.

Sigorta nominal  akmilan  belitiimeli, ayaranakbilir
koruyucu tesis elemanlarinin ayar naoktalan

markalanmalidir. Bitin Slgme cihazlanmin  nominal
gahsma parametreleri skalalar Gzerinde veya hemen

yaminda bir etiket Ozerinde kimzi gizgi  ile

isaretlenmelidir.

1.2

gevsemeye kargi Snlem alinmalidir.

Tiim civata somuniu baglantlarda

1.3 Tiam iletkenler keskim kenadardan wzak

olmall ve titresime karg gnlem alinmahdir. Kapaklara

monte edilmis cihazlann kablolan, gerlmeye we

aginmaya karg korunmug cimalidir.

1.4 Ana we emercensi  tablolar  yalitkan

tutarmaklarla donatidmahdir.

1.5 Baglantilan dahil bitin tesis elemanlarnnin
bakim, anarimi we degistirilmesi kalaylkla
yapilabilmelidir.

1.6 Tablolardaki  biylk kapaklar, agidiklan
durumda kalabilmeleri igin gerskli domamimlara sahip
clmaldir.

1.7 Tablelann kapaklanna monte edilen tesis

elemanlan, [(Grmedin: salterder, Glgh aletler ve devre
gerilimi 50 V'un Ozerinde clan sigortalar] temasa kargi

korunmah elmaldir. Bu kapaklar topraklanmalidir.

18

veya iletim tellerinin dzerinde yer almasi durumunda,

Sigortalann, salterlerin veya giplak baglant

dilsen pargalarin (Gmedin: sigorta kartusu). Gzerinde
akim bulunan kisimlara temas etmemesini saglayan
dnlemler alimmahdir.

1.9 Kumanda techizat we sigortalar, givenli bir
sekilde ulagilabilir almalidir.

1.10 kesicileri  ile

Gig  dewre yik alindaki

igin

tarafindan belirtilen gerekli hava araliklan saglanmaldir.

salterlerin ark desajimin kesimesi imalatga

1.11 Takilmasi ve gikanimasi givenli bir sekilds

yapilabiliyorsa, besleme devrelerinde bigak tipi

sigortalann kullanidmasina misaade edilir.

2. Ana Tablolar

FR |

simyal lambalan we gostergeler tablonun &n tarafindan

Panel kapaklan kapal iken &lgme aletleri.

garilebilmelidir.
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22 Tim  jeneratdrerin toplam kurulu gied 3
MW" gecerse, jeneratdr panelleri birbirinden arka

dayamkl ayine ile ayrdmalidir. Bara gegigleri ise alew
geciktirici, kendi kendine sénebilen tipte almalidir.

23 Geminin sevki igin ana elektrik gle kaynagdinin
gerekli oldufu sistemlerde. ana bara sistemi normakde
devre kesicilerle veya difer onayh araglarla irtibath en

az iki alt gruba aynlacak kapasitede olmalidir.

Diger cnayll araglar, baralanin kolayca ve emniyetli

sekilde ayrilmas: saglanarak:.

- Agma mekanizmas) olmayan devre kesic,
veya

- Aywma baglantisi veya

- Salter’ dir
Tekli baralar wveya table boldmler arasindaki ortak
civatali baglantilar (Gmegin tasima igin) bu istekler
kargilamaz.

2.4 Dijer donatimlan olmaksizin ayr bir tablo
paneli iginde clursa veya esdeder bir simirh bélimde
olursa tek bir ayirma teribati yeterli olur, Jekil 5.1" e
bakmiz. Aksi taktirde, farkl tablo panellerinde iki ayirma
tertibat gerekli olacaktir, Sekil 5.2" ye bakimz.

25 Cikarilabilir veya harsketi baglantilar clmas:
durumunda, bu cihazlar kolayca erigilebilir ve ele
alinmas:  kolay olacaktir fgle‘tme

araglan  yakin

yerlestinlimelidir.
2.6 Uygulanabilir cldugu sirece, jeneratdr setler
ve dier cogaltimis tiketicler ama bara bélGmler

arasinda esit olarak bdlonecektir.

27 Toketiciler  @megdin, asafidaki gibi
dizenlenskilider
Tiiketiciler 1 Tiiketiciler 2

‘Yaglama yag: pompasi 2
Sogutma suyu pompas 2
Aydinlatma 2

Yajlama yag: pompasi 1
Sogutma suyu pompasi 1
Aydinlatma 1

V.5 W.5.

Bt B

1]

Tiketiciler 4 Tiketiciler 2
1

Derrenin keslinees|

Sekil 5.1 Tiketicilerin paylastinlmas: ve ana baraya

baglant sekline &rnek

e

|
W

Tiiketiziler 2

Tiikatiziler 1 |

Sekil 5.2 ki ayincih bajlant sekline ve tiiketicilerin
paylastinlmasina drnek
28 Jeneratorlere ait agma-kapama elemanlan ve

senkronizasyon cihazlan
Badlom 4, A'ya bakimz

248 Jeneratorlere ait Glgi ve kontrol cihazlan

291 Devre kesicisi kullanilan sistemlerde

asafidaki sinyal lambalan clmalidir:
- Gig devre kesicisi kapal,
- Giig devre kesicisi agik.

I:Fg: fazli alternatdrierin her biri igin asagida

belirttilen Slgd aleteri bulunmaldir:

- 1 volimetre, gerekli ise bir segici anahtarla diger

altematdrlern gerilimini Slgebilen,

- 1 ampermetre, segici anahtarla tom faz

akimlanm Slgebilen,

- 1 wattmetre, gied 50 kWA ve daha fazla olan

alternatdrer igin,
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- 1 frekansmetre, gerskli ise segici anahtarla diger

alternatGrierin frekansimi dlgebilen.

293 Dogru akim jeneratdrerinin her bif igin
asagida belitilen Glgi aletleri bulunmalidir:

- 1 voltmetre,

- 1 ampermsatre.

294 Asafida  belifilen  devreler  dogrudan

jeneratirierden beslenmeli ve kisa devrelers karg! ayn

ayrl korunmalhdir:

- Jeneratdr koruma tesis elemanlan ile  jensratér
devre kesicisinin  disok gerilim koruma
elemanlan,

- Ol aletler,

- Sinyal lambalan,

- Dizel makina hiz kontrol elemanlan (eder

elektronik  govemdr warsa, govemdrden glg

beslemesi kullamilabilir, BSlum 8, B.9"a bakiniz),

- Devre kesicilernin motor tahrik teghizat.

235  Jeneratdr devre kesicisinin el ile galigmasi

galigma,
olacaktir. Balom 21, D.3.4.2" ye bakiniz)

saflanacaktir. Bu bagimsiz we mekanik

210 Agma-kapama elemanlan ve sigortalar

2101 Ana tablodan her besleme devresi Uzerinde,
agin akim ve kisa devre korumal devre kesici veya
topraklanmamig her iletken dzerinde sigorta we tom
kutuplan birlikie kesen salter veya kontrol anahtanna
sahip bir kontaktdr bulunmahdir. Sigortalar,
takdirde,

izlenmelidir. Bu sira, ancak yik saleri clarak kisa dewvre

salterler

kullanildign bara-sigorta-galter 5Irasi
durumunda bile clusan arktan etkilenmeyen AC-
Z3Ahizmet sinifindan motorlu  salterler  kullanildige

zaman degistirilebilir (ayn zamanda B.3'e bakiniz).

Yk galterinin ani nominal akimlan (dinamik simirama
akimi) kisa dewvre halinde ilgili sigortanim maksimum

fletim akimindan daha bdyik almalidir.

2102 Didmen makinalan igin Balom 7, A'ya da
bakiniz.
2.1 Olgii aletleri

Blylk gogld tiketicilerin zerlerinde ampermetre yoksa
bunlarim ana tablo ve ana dagitim paneli Gzerinde birer

ampermetresi bulunmaldir. Birkag devreye tek bir

ampermetre  baglanmasi igin  yapilacak teribatlara
miusaade edilebilir.
3. Emercensi Tablolar

3.1 Ana tablolar igin belirtilen kurallar benzer tarzda

emercensi tablolar igin de geceridir.

3.2 Emercensi glg sisteminin  kumanda wve

besleme devreleri;
- Ana tablonun

jeneratdrlerin  welveya

bulundudu mahalde, veya

ana

- A kategori bir makina mahallinde

yangin veya bagka bir nedenle olugacak bir eneri
kesilmesi veya kiza dewvre olmas: halinde, emercensi
gug besleme sistemine zarar vemmeyecek sekilde

baglanmal  we korunmaldir. Gereken hallerde,

emercensi tabloya, ayiric salter konulacaktir.
4. Dagitim Panelleri

4.1 Dagitim panellerinde, besleme devrelerini
koruyan we tiketicileri beslemek igin gerekli olan
elemanlar bulunmaldir (BSlom 4'e bakimiz).

4.2 Sigorta kullamlan besleme devrelerinde yik
salterler de bulunmalidir. Besleme devrelerinde, sigorta
nominal akimi 83 A veya daha kigik ise her tiketici
kendisine yakin yerlegtirlmis bir anahtar ile devreden

gikanlabiliyorsa yik salteri kullamilmayabilir.

4.3 Seyir fenerler tablosu igin B&lom 4, L8'ya
bakimiz.
4.4 Konteyner prizlerini  besleyen  dagitim

paneller igin B&lom 11, C.4'e bakiniz.
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5. Motor Starterleri t=Ti2 andaki AC biegeninden (In(t)} kiglk
olmamaldir.
51 Her motor kendisine ait bir teghizatla devreye
girip gikmahdir. Noe:
B.I kiza devre abim hesaplaring bakmmz.
52 Motorlann  galhistgini  gdsteren teghizatlar
olmalidir. 2. Devre Kesiciler
53 Motorlara ait agma-kapama elemani, akm 21 Devre kesiciler |EC G0847-2'de  belirtilen
tagiyan ftim iletkenleri kesmiyor ise, personelin kullamim siniflarina gére segilider.

korunmasi igin ilave Snlemler alinmalidir.

5.4 Asafidaki hallerde, motorlara startere yol

werilmelidir;

- Matorlar  direkt  badlandiklannda  sistemde

miisaade edilenden daha biylik gerlim wveya
akim digmesine neden oluyorsa; veya
tarafindan tahrik edien

- Mator weya motor

makinanin starl igin gerekli ise;
- Motorlarin starter

ihtiyaglan  jemeratdrierin

dizaynina bagh ise.
55 Start ancak starterin kapal (off) kenumundan

hareketle mimkan clmahdir.

D. Devre Agma-Kapama Elemanlarinin
Segimi

1. Genel

1.1 Agma-kapama elemanlan, IEC yaynlanna
veya TL tarafindan cnaylanmis diger standartlara uygun
aclmaldir.

1.2 Devre agma-kapama elemanlari; nominal

akimlara, termik ve dinamik mukavemetlere ve agma-

kapama kapasitelerine gore segilmelidir.

Asagidaki kosullar gdzlenmelidir:

1214 Anma kapama kapasitesi, monte edildigi
noktadaki hesaplanmis tepe kisa devre akimindan (ip)
kilgik clmamaldir.

122 Anma agma kapasitesi, kisa devre akiminin

211 Kullarmm simifi A

Bu tip dewre kesiciler, yik tarafinda ser clarak bagh
bulunan diger kisa devre koruma diizenlerne gire, kisa
devre kogullannda selektif olarak dizayn edilmeyen
kesicilerdir {Grnedin: kisa devre kosullannda selektivite
igin kisa zaman gecikmeli oclmayan wve bu nedenle
nominal  kisa akimimin (Tow)

zaman  dayamim

kanitlanmasina gerek clmayan kesiciler).

Uygulama émekler:

Tiiketici devre kesiciler ve dagiim kolonlar

21.2 Kullarmm simifi B

Bu tip dewre kesiciler, yik tarafinda ser oclarak bagh
bulunan diger kisa devre koruma dizenlerine gire, kisa
devre kogullannda selektif olarak dizayn edilen
kesicilerdir (@megin; kisa devre kogullaninda selektivite
igin kisa zaman gecikmeli kesiciler). Bu fip kesicilerde,

(Tew)

konulduklan

nominal kisa Zaman dayanim  akim

kanitlanmahdir. B smifi devre kesiciler,
yerdeki oclasi kisa devre akimlanina, en az 500 ms.

dayamim gdstermelidir.

Uygulama émegi:

Jeneratir devra kesicilen.

22 Jeneratir devre kesiciler igin ilave istekler:

221 Asin akim  nedeniyle agmanin hemen

ardindan, devre kesici yeniden devreye girmeyes hazir

clmahdir. Bu yizden, termik kesici dizenlers izin
verlmez.
222 feniden dewreye alma dizeni, kisa devre
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nedeniyle clugan aglmamin ardindan devam eden kisa
devre durumunda otomatik olarak devreye girmeyi

dnlemelidir.

23

istekler:

IT Sistemlerdeki devre kesiciler igin ilave

- IEC 80247-2 Ek-H de tarf edildigi sekilde test

edilmesi istenir.

3. Yik §alterleri

31
devreyi keruyan sigortarin nominal akimina esit clmal
we AC-228 veya DC-22A (|[EC G0847-3) kategorlerne

uygun agma-kapama kapasitesinde olmalidir.

ik salterlerinin nominal degeri, en az

32 Bara-sigorta-galter siras takip edilmelidir.
33 Bara-galter-sigorta sirasi segilir ise, agma-
kapama kapasitesi AC-23A veya DC-23A (IEC 80847-3)

kategoriye uygun olmal ve agma-kapama dnitesinin

izolasyon  kalitesinin artmasi  hususuna  dikkat
edilmelidir.

4. Sigortalar

41 Sigorta busonlanmin kapal bir erime yer

bulunmaldir. Seramik veya TL tarafindan esdegediligi

kabul edilmig bir malzemeden imal edilmelidir.

432

korumasi amaciyla kullanilabilir.

Sigortalar sadece 315 A'e kadar agin yik

Bu kural diginda kalan durumlarda TL onay gereklidir.

E. Elektrikli Koruyucu Teghizat Segimi

1. Genel

Koruyucu tesis elemanlan, bir anza halinde anzal
sistemn dewre digi kaldginda ana tiketicilerin gig

beslemesi kesimeyecek sekilde dizenlenmelidir.

2. Kisa Devre Koruma Teghizat

21 Kisa dewreys koruma  amaciyla

karg
kullanilan kesicilerin nominal agma kapasitesi Ly, bir

kisa devre halinde kesicinin yerestirldigi noktada

kesilmesi gerekem maksimum  akimdan  kigik
clmamalidir.
2.2 Her giig kesicinin nominal kapama kapasitesi

L. kesicinin bulundudu nokiada meydana gelebilecek
maksimum  kalicr  asimetrik  kisa devre  akimimin
degerinden daha kigik olmamalidir.

2.3 Her agma-kapama elemanmim ve
bilegenlerinin tepe kisa devre mukavemeti, bulundugu
noktada meydana gelebilecek maksimum kisa devre

akmmina uygun olmaldir.

24
agma-kapama kapasiteli gig kesiciler yeteri agma

Maksimum kisa devre akimindan daha kiigik
kapasiteli (destekleme) sigortalar ile karunmalidir.
2.5

Asafidaki devre kesiciler, kisa devre kesme

akim degerleri (le) #s5as alinarak segilecskiir:

- Ana tabloya veya emercensi tabloya dogrudan
badh tim devre kesiciler

- Ama  servisleri we emercensi tlketicilers  ait

besleme dewrelerine monte edilen tom devrs

kesiciler.

Esdeger koruma semalan TL tarafindan ézel olarak

ocnaylanacaktir.

3. Segici Koruma

Ana tiketicilerin kisa devreye karsi korunmasi selektif
oclmalidir weana techizatin korunmasinda, devreden
gikarma ighemi hataya en yakin devre kesicisi tarafindan

saglanmalidir. Bu maksatla:

- Seri bagh koruyucu elemanlann agma sireleri

birbireriyle koordineli segilmelidir;

- Agma-kapama elemanlan, selektivite igin gerekli
olan gecikme zamani da dahil olmak lzere agma
olayl sona erene kadar gegecek zaman boyunca
uzerinden gegen kisa devre akimini tagiyacak

kapasitede olmaldir.

Jeneratir devre kesicisi ile seri koruma saglayan

ve tali techizat besleyen devreler bu kurala
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uymayabilir. 6.2 Bir kesilmenin  ardindan tekrar  eneqfi
verildijinde motorlann tekrar yol almalan  calismay

4 Azin Akim Koruma Cihazlan tehlikeye sokacak ise otomatik devreye girmeyi dnleyen
diisik gerilim korumas: saglanmaldir.

Asin akim  koruma elemanlanmin akim-zaman

karakteristikleri sistemnde kullanilan devre elemanlannin

dzelliklerne ve selektivite isteklerine uygun clmahidir.

5. Kisa Dewre we Asin Akim  Koruma
Cihazlanmin Yerlesimi

51 Kisa devre korumasi, topraklanmarmig her

iletken igin gereklidir.

5.2

ve tek fazh alternatif akim dewrelerinde en az bir

Agin akima kargi koruma, izoleli dogru akim

iletkende, izoleli ve dengeli yiklenmis Gg¢ fazll dewre-

lerde en az ikiiletkende bulunmahdir.

53

olan

Topraklanmig  sistemlern  topraklanmamig

batin  iletkenlerinde  agmn  akim  korumas:
bulunmaldir. Topraklama iletkenleri kisa dewre veya
agin akim koruma elemanlan ile kesilmemelidir. Ancak
toprakh veya topraksiz bitin kutuplan beraber ayiran
kesme elemanlan bu kuralin digaindadir.

5.4 Devrenin  tamamimin (devre agma-kapama
elemanlar, tablo igi iletkenleri, besleme kablolan we
tiketiciler) bu kurallara uygun olarak, agin yiklenme ve
kisa devreye karsi korummasi ya toketicinin nominal
akimi weya bajh clduju dewvre gruplanmin toplam

akimindan I, hesaplanmaldir.
6. Motor Korumasi
6.1 Maminal gocd 1 kW' In Gzerinde olan motorlar
kisa devre ve asin yiklenmeye karsi korunmahdir.
Diimen sistemi motorlan igin B&Iom 7'ye bakiniz.

6.1.1 Koruma teghizati motorun galisma gekline
uygun olmah we agmn yiklere karsi gerekli termik
koruma yapilmalidir.

6.1.2 Agin yik koruma elemamimin akim-zaman
karakteristigi motorun yol alma sartlanna uymuyor ise,
yal
yapmamasini sajlayacak tertibat olmaldir. Bu esnada

alma esnasinda koruma cihazimin  gdrev

kisa devre koruma eleman gérev yapar durumda

olmalidir.

6.3 Maotordann  enerji  kesilmelerdnden  sonra
otomatik olarak devreye girmesi gerekli ise, gemi
elektrik devresinin  start akimlarindan dolayr agin

yuklenmemesi igin dnlem alinmalidr.

T. Kumanda Devreleri

T7A

kumnanda devrelerinden bafimsiz aclmaldr.

Ana sistemlerin kumanda devreler diger

7.2 Bazi grup toketficilerin  ortak  kumanda
devreleri olmasina gorevler geredi ise mdsaade
edilebilir.

T3 Emercensi kapama igin Baélim 4. B
bakimiz.

7.4 Kumanda gig tranformatdreri kisa devre ve
agmn yuke karsi korunmalidir. Agin yik korumasi igin
sekonder tarafta sigoralar  kullanilabilir.  Sekonder

tarafindaki nominal akimi 2 A'den daha disiok olan

transformatdrerin - kullamilmas:  halinde  bu  kural

uygulanmayabilir.

7.5

devresinin toprakh kisminda (M) yer almamalidir.

Acma kapama elemanlan, toprakh bir kontrol

8. Olgme ve Sinyalizasyon Devreleri

Sinyalizasyon we &lgme teghizatimn wve gosterge
lambalanmin akim devreler, her bir topraklanmamig
ilethende kisa devreye ve agin yike karsi korunacaktir.
Galisma gerilimi =24 V olan gésterge lambalan ile kisa
devre durumunun. kontrol we gig devreler Ozerine
dnlemlerin - alinmasi durumlan  bu

etkisini  Gnleyici

kerunmadan istisnadir.
3. Uyarma Devreleri
Devre disi kalmalan, hayati sistemlerin galismasim

tehlikeye diglren uyarma devreler ve benzer devreler

sadece kisa devreye kargl korunmalidir.
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10. izolasyon Direncinin izlenmesi

Gig, isitma ve aydinlatma tesisatlarini besleyen primer
veya sekonder dewvreler topraklanmarmis iseler, gemi
blnyesiyle olan izolasyon direncini izleyen ve bu direng
anormal gekilde digsok ise sesl veya isikh bir simyali
harekete gegiren techizat bulunmalidir (Bélum 20, E
4.8a da bakiniz).

Tankerler igin, BSlom 15%e bakinz.

ikincil sistemlerde (kumanda devreleri gibi) izolasyon

direncini zleyen tesis elemanlan kullaniimayakbilir.

1.

Koruma Diizenlerinin Gemide Testi

Biiyiik Tiiketicilerin we Jeneratirlerin

Jeneratdrlerin we elektrik  tahrik  sistemlerinin sevk
motordan, yamal iticiler, transformatdrler gibi bayik
tliketicilerin ~ elektronik  wveya  bilgisayarh  koruma

dizenleri, islevieri gemide test edilebilecek sekilde
dizayn edilmelidir.

Gzellikle su hususlara dikkat edilmelidir:

- Degisim durumunda, son ayarlan kolaylikla

belirleyici dizenler,

- Ayarlann ve iglevilerin teknede testi ile ilgili

dizenler ve talimatlar.

F. iletkenler ve Bara Tasiyicilan

1. Ciplak veya Boyah Baralar

1.1. Genel

1.1.1 Baralar bakr wveya bakrr kaplanmig
aliminyum weya korozyona dayanikh aliminyumdan
yapiimahdir.

1.1.2 Bakir baralanin boyutlan we akim tagima

kapasiteler Tablo 5.1% uygun olmalidir. Ana baralann
sicaklik yikselmesi, en olumsuz kogullarda 45 K’
gegmeyecek we bitisik elemanlara zarar bir etkisi

aclmayacaktir.

1.1.3 Ayn fazda birden fazla paralel bara kullanilirsa,
baralar arasinda en az bara kalhnhdi kadar mesafe
clmalidir. I:h; fazli sistemlerin topraklama we ndtr
iletkenleri ile kompaund sargih jeneratirler arasindaki
dengeleme hatlannin kesiti en az faz iletkeninin yansi
kadar olmalidr.

1.2  Teghizat baglant: baralan

Techizat baglant baralannin ve devrelerinin kesit, kisa

devre durumunda ve tam yikte teghizatin 1sisiImin agin

derecede yikselmesini onleyecek sekilde segilmelidir.
2. Bara Taswycilan

Baralarin montajl, kisa devreler yizinden meydana
gelen gerilmelere dayanabilecek sekilde yapilmah ve
gerilim altinda olan dijer tesis elemanlanna veya
topraklanmis elemanlara gore aralannda bulunmasi

gereken klerensler ve atlama mesafeleri saglanmalidir.
3. Acikhklar ve Atlama Mesafeleri
R | Table 52'de beliilen degerder ana baralara,

ana. emercensi ve kontrol tablolanmin ilgili sigorasiz

baglanti baralarina uygulamir.

3.2 Table 5.2'de belitilenlerden daha disok
defgerere asagidaki kosullar sajlamirsa, TL tarafindan

cnaylanmak kosuluyla misaade edilebilic
- Standart dizayn galterde,
- Kalite sistemi TL tarafindan onaylanmisg ise:

- Uygun donatim we koruma sinifi ile elektrik

anza oram azaltilmig ise,
- Tip testi yapilmig tablolarda.
4. izoleli lletkenler
41 izoleli iletkenler gok teli bikilmis clmal ve
BGlom 12'de kablo ve iletkenler igin belirtilen kurallara
uygun olmahdir. lletkenin nominal kesiti en azindan
bagh oldugu tiketicinin nominal akmi igin  yeterdi

clmalidir. fletken kesitled Tablo 5.3'e uygun oclarak

segilmelidir.
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Tablo 5.1

alum tasima kapasiteleri

45 °C ortam sicakhginda (sicaklik yikselmesi 45 K) dikddrigen kesitli bakir baralarda miisaade edilen

Misaade edilen maksimum akim tagima kapasitesi [A]. 50V60 Hz
Boyal Ciplak
Baralarin sayisi Baralanmn sayisi
Geniglik x Kalinlik 1 2 3 4 2 3 4
[rmim] I n 1] 1Nl I ] 1l 1N}
15X3 230 380 470 200 350 445 -
20XK3 200 485 580 250 430 535 -
2DKS 305 690 200 340 620 855 -
20 X 10 815 1145 1635 530 1020 1480 -
25 X3 55 580 G50 300 510 G615 -
25X5 475 B20 1040 405 725 985 -
X3 415 670 735 350 580 700 -
IDXKS 555 B40 1170 470 B30 1110 -
30X 10 835 1485 2070 710 1310 1835 -
4D K5 710 1180 1410 505 1035 1350 -
40 X 10 1050 1820 2480 3185 B85 1600 2185 2825
SDXS5 a60 1410 1645 2400 T20 1230 1580 2380
50 X 10 1280 2130 2875 3855 1055 1870 2530 3220
G0XS 1020 1645 16870 2860 BS0D 1425 1785 2740
G0 X 10 1480 2430 3235 4075 1220 2130 2850 3505
BD XS5 1320 2080 2285 3505 1085 1785 2170 3370
80 X 10 1860 2085 3030 4870 1535 2615 3480 4275
100 X 10 2240 3530 4610 5815 1845 3075 4040 4935
120 X 10 2615 4080 5280 3360 2155 3545 4835 5580
160 X 10 348 5121 Go46 7838 2752 4451 5803 GB5T
200 X 10 4078 6182 7973 9287 3335 5344 G856 8108
Net: Mizaade edilen maksimum akom tazima kapasitesi, arkas bapall olmayan ana tablelar icim wygwlanr. Tam kapal
rablolarda yeterli havalandirma saflanmall veya belirtlen akm tajmma bapasitelers digiriimelidir.
Tablz 5.2 Agikhk ve atlama mesafeleri 4.2 Ana baralardan sigoralara we  dewvre

Nominal igletme Mimimum Minimum atlama
gerilimi klerens mesafesi
[VI{AC/DC) [mm] [mim]
£125 10 12
=125 15 20
= 250 20 25
= G680 25 35

kesicilerine giden sigortasiz iletkenler olabildigincs kisa
olmali ve boylan 1 m.'yi gegmemelidir.
421 Bunlar kablolara

diger yanyana

dasenmemeli ve beraber baglanmamalidir.
422 Onemli kumanda devreleri, mimkiin cldudu
oranda, kisa dewre arklanndam hasardanmayacak

sekilde dogenmeli ve korunmalidir.
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G. Olgme Aletleri ve Transformatérleri
1. Olgme Aletleri
141 Paneller izerine monte edilmis aletlern

Glgme hatalan %1.5 FSV yi gegemez.

Akimilatérler ve dodru akim jeneratdrler igin polariteye

gdre sapan tip aletler kullamimahdir.

1.2 Vaoltmetrelerin skalasi nominal gerilimin en az
% 120°si mentebesinde clmalidir. Ampemetrelerinki ise
olas1  devamh galigma akimmin en az %130
mertebesinde olmall we motorlann start akimlarindan

hasar garmeyecek tipte olmalidir.

1.3 Wattmetrelerin skalasi da nominal glcln en
az W120'si meriebesinde olmaldir. Efer jeneratdrier
paralel galigiyor ise wattmetreler %12 oraninda ters

gucl gosterecek tipte clmahdir.

Wattmetrenin tek bir akim sahasi war ise bdtin
jeneratirerin aymi faz dlghimelidir. Bir faza bagh tim
tiketicilerin toplam gicd en kigik jeneratdrin gicdndn
%10 unu gegiyor ise. watimetreler bOtin fazlardaki

dengesiz yikler gdsterebilmelidir.

14 Frekansmetreler nominal frekansin £5 Hz'lik

degismelerini gosterabilmelidir.
2 Olgme Transformatdrieri

21 Glgme transformatdrerinin hassasiyef en az

klas 1 grubunda olmalidir.

22 Komnyucu tesis elemanlannin akim
fransformatrier, dewvrede olugabilecek agin akimin

% 10'undan fazla bir hata goéstermeamelidir.

H. Tablolarnm  we  Dewre Agma-Kapama
Elemanlarinin Testleri

1. Tip Testleri

Asafidaki tesis elemanlan zorunlu olarak tip testine tabi

tutulmahdir:

- Ana baralara dofrudan baglanan devre kesiciler,
anahtarar, aymicilar we sigoralada ana we
emercensi tablolanin ve kontrol panellerinin gok

terminalli sigortasiz baralar,

- Jeneratdr koruyucu tesis elemanlan,

- Azaltilmig klerens ve atlama mesafeli sern clarak

imal edilen standart tip tablolar (F.3.2'yve de

bakimz).
2. imalatginin Yerindeki Testler
21 Batin tablolar imalatginin yerinde  test
edilmelidir.
2.2 Azagidaki  techizat bir TL sdrveydri

gozetiminde test edilmelidir:

- Ana tablolar,

- Emercensi tablolar,

- Bagh gigh 2500kW olan dagtim tablolan

- YST klas notasyonuna sahip kargo sogutma

sistemine ait bitin tablolar,

- Elektrikli tahrik sistemine ait pansller.

- Kazan we kizgin yaj sistemlerinin galishma wve

kumanda panelleri.

TL diger tablo ve panelleri de imalatginin yerinde test
etme hakkini sakh tutar.

23 Testin kapsam
231 Goz kontroli
Cnaylanan  projelers gore  imalatin kontrolGdir.

Kullamlan tesis elemanlan we malzemeler kurallara

uygun clmahdir.

TURK LOYDU - ELEKTRIK KURALLARI - 2015



Bolim 5 — Algak Gerilim Agma-Kapama Elemanlan

Tablo 5.3 Tablo teghizah iletkenlerinin nominal akimlan

iletkenin nominal kesiti, Demetlenmis, dzeri agik veya muhafaza iginde iletkenler
Birkag gig devresi birarada Kendisine ait Glgme ve Aralannda en az bir ileten
lletkenler paralel bagh ise kumanda devreleri ile birlikte gap1 kadar mesafe bulunan
toplam kesit bir gig devresi veya gig tek bagina dogenmis ilethenler
devresiz dlgme ve kumanda
iletkenleri Her thri devreler

Ak Akim Akim

[mm-] [#] [A] [A]

1 ] 12 15

5 12 5 18

25 16 20 25

4 20 7 34

8 26 35 42

10 36 48 58

16 48 G5 T8

25 il &8 102

a5 B2 107 125

50 104 123 157

70 130 164 184

o5 157 198 N

120 186 231 272

Notlar: Tabloda belirdilen akim deferi ortam sicaklif 4570 ve misaade edilen en yaksek galigma sicakligy 70°C olan kablolar

igindir. Waksimum galgma sicakigr [T] 70°C den farkls ilethenler igin abmmlar ayafidaly tabloda belirtilen gevirme

faktara [F] ile carmiir.
T &g0°C 85 °C TO*C T5°C 80 *C 85 °"C
F 0,77 0,29 1.00 .10 1.18 1.28

Tablo 5.4 Ana devrelerin test gerilimi

Mominal izolasyon gerilimi U Test gerlimi
Cowe AC [:’:‘fi]
M M
U = 60 1000
60 < U, = 300 2000
300< U = G20 2500
ge0 <, = 800 3000
800 <y = 1000 3500
1000 < U, = 1500 (1) 3500
(1) Sadece DC gerilim igin

2.3.2 Fonksiyon testi

Sistemin tesis elemanlaninin onaylanan projelere ve test

prosedirine uygun olarak isletme sarfarndaki testidir.

233  Yiiksek gerilim testi

Tably 5.4 wve 5.5de belirtlen test gerlimlern iletkenler

arasina we iletkenlerle  table géwdesi  arasina

uygulanmalidir. Test siresi her durum igin 1 dakikadir.
Test esnasinda Slgl aletleri ve diger yardime: teghizat

devre digi birakilabilir.

TURK LOYDU - ELEKTRIK KURALLARI - 2015

76



H

Bolim 5 — Algak Gerilim Agma-Kapama Elemanlan

5-13

Ana devreler igin test gerilimi;

Ana devreler igin test gerlimi Table 5.4%

gare yapilmalhdir.

- Yardimci devreler igin test gerilimi;

Yardimec: devreler igin test gerilimi Tablo 5.5%

gare yapilmalhdir.

- Tip onayh dewre agma-kapama elemanlan

igin test gerilimi;

Tip onaylh devre agma-kapama elemanlannin

dielektrik Gzelliginin kanitlanmas: igin rutin

test gerlimi Tablo 5.4 wve 5.5'de beliftilen

degerlerin %85%ne digirilebilir.

234 izolasyon direncinin Glgiilmesi

Gerilim testinden sonra izolasyon direnci Slghmd
yapilmalidir. izolasyon direnci olgimi en az 500 Viuk

bir DC gerilim ile yapilimalidir.
Biyik tesislerde tablo test amaciyla birkag test
bdlmesine aynlakilir. Her bdlmenin izolasyon direnci en

az 1 M 2 almalidir.

Tablo 5.5 Yardimeci devreler test gerilimi

Mominal izolasyon gerilimi Test gerilimi
u [AC)
(DC we AC) (r.m.s}
V] [V
u = 12 250
12« Iy = 60 500
U = &0 2 Uy + 1000 min. 1500

TURK LOYDU - ELEKTRIK KURALLARI - 2015

77




EK C : Gemi elektrik gli¢ sistemi elemanlarina ait parametreler

Cizelge C.1: Senkron generatorlere ait parametreler (pu).

Generator  Gug  Gerilim Frekans ' " ' "
Al (KVA) (V) (Hy X« Xa Xa To Ta Tac

DG1 2001 690 60 1.21 0.125 0.109 0.36 0.016 0.045
DG2 1327 690 60 123 0.195 0.106 0.28 0.013 0.036
SG 5000 690 60 1.72 0.227 0.131 0.34 0.014 0.042
EG 200 690 60 2 0.1 0.1 0.10 0.010 0.015

Cizelge C.2: Transformatorlere ait parametreler (IEC 60076-5"e gore).

Transformatér ~ Guig Gerilim Frekans  Baglanti

Adi KVA) (V) (H2) ski SR W2
T1 150  690/440 60 DO 15 6
T2 150  690/440 60 DO 15 6
T3 145  690/230 60 DO 15 6
T6 145  690/230 60 DO 15 6
T4 80  690/230 60 DIO 15 6
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EK D: Calisma durumu 1 ETAP programi kisa devre analizi raporu
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ETAP

Project  Balikei_ 690V e 1
Location:  [stanbul 12608 Date: 07-08-2015
Contract: SN:

Engineer Study Case: 5C Reision: Base
Filepame:  AG_690 Confiz:  Shaft
SHORT-CIRCUIT REFORT
3-Phase fault at bus 1MVAC/E0Hz ADTA
i = total fault curent,
Nominal KV = 0230 Voltage cFactor = 110 (Mudmm ) Ide=de componext,
1env = top envelope of cmrent-wave,
Tac{rms) = rms value of ac component,
Lde(%) = oo value of de "

1) i) Hek4)  denw(®d) DeAms) TRl 1) i) Hedy) iew ()  TcfAms Ikl
0.000 0.000 10.211 041 7120 100.00 0.001 -1.681 1730 17022 7.186 7834
0.002 -L446 5020 16.046 T154 58.60 0.003 02466 4353 14627 711 451
0.004 1888 3518 13546 7081 S 0.005 587 1M 12717 7.061 1733
.06 5470 1132 12075 7031 4 0.607 10350 L6712 11573 1002 16.88
0.008 10104 1318 11182 6874 1337 0.009 10361 1043 10.249 047 10.83
0.010 8730 0.832 10,418 6820 350 0011 5800 0.666 10416 5804 §.83
0.012 1356 0336 10.250 6.869 351 0.013 -1381 0433 10112 544 447
0.014 4517 0351 2908 6.820 164 0.013 -TARY 0286 0897 §.706 198
0.016 0043 0234 9312 6773 1 0.817 -p1m 0192 o730 §.750 am
0.018 -3.180 0150 2474 6.728 167 0.019 -5813 013 0616 4707 138
0.020 -1E13 0109 9564 6.685 L15 0.021 0.682 0.081 83516 §.563 09§
0022 4077 0076 9471 .43 080 0.023 6.893 0.063 0431 G.625 047
0024 8738 0053 9305 6606 0.57 0.025 B350 0.044 0350 5587 048
0.006 1474 0.037 9318 6.588 040 0.017 6.784 0.032 0193 §.550 034
0.008 1060 o7 9265 6.531 0.0 0.029 0.601 0012 0134 6515 024
0.030 -8l o019 2208 6492 0.1l 0.031 -5.026 0016 o182 §.481 0.18
0.032 -7.008 oo+ 9156 6465 015 0.033 <0037 0012 8131 440 013
0.034 -3802 ool 2108 6433 011 0.033 -1334 0.008 o084 418 0.09
0.036 4843 0.7 2062 6403 0.08 0.037 -1.687 0.006 o040 §.388 007
0.038 1604 0005 9018 6373 0.06 0.039 411 0.004 aoa7 5350 005
0.040 7.263 0004 a7 6343 0.04 0.041 3673 0.003 8057 §.331 0.04
0.042 8867 0003 937 6318 0.03 0.043 7815 0.002 a0 304 003
0044 3673 0.002 5800 6191 0.0 0.045 1743 0.002 8.881 5278 002
0.046 -0.533 0.001 5863 6.286 0.0 0.047 -3.784 0.00 8843 §.233 001
0.048 -6.433 0001 827 6241 0.01 0.049 -8.190 0.001 8.810 5210 001
0.050 -5781 0001 8793 6217 0.01 0.051 -B159 0.001 8777 5206 001
0.052 -6.383 0.001 8761 6194 001 0.083 -3 0.000 8743 §.183 001
0054 0348 0000 i 6172 0.00 0.035 1693 0.000 2714 §.161 000
0.056 3343 0.000 B0 6130 0.00 0.087 7609 0.000 8.683 d.140 0.00
0.058 8,600 0000 Ba6e 6.129 0.00 0.059 2382 0.000 2654 6118 000
0.050 §.080 0.000 B840 6.100 0.00 0.061 4822 0.000 8625 d.008 0.00
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ETAP

Project: Baliker 630V Page: 2
Location:  Istambul 1268 Date: 07-08-2013
Contraet: SN:
Engneer Study Caser SC Reision: - Be
Filepame:  AG_690 Confiz:  Shaft
(Com)
3-Phase fault at bus 1MVAC/60Hz ADTA
1=total fault current,
Nominal EV = 030 Voltage e Factor = 110 (Maodiomm I Ide = de component,
1env = top envelope of cwrent-wave,
Tac{rms) = s value of ac component,
Ide{%s) = parcentage value of de component
1 ik4) He(kd) e (EA)  Dac (RAmg) T (%) t(s) i(k4) Be(®A)  denv(ed)  Iac (kA ms) T (%)
0082 1614 0.000 84512 6089 0.00 0.063 -1611 0.000 2508 54070 0.00
0.054 4600 0.000 8334 6.070 0.00 0.065 -6.034 0.000 857 §.060 0.00
0.066 -5.180 0.000 8558 6.051 0.00 0.087 -8477 0.000 2543 G042 000
0.058 -1476 0.000 £33 6.033 0.00 0.069 -3430 0.000 83519 6024 0.00
0070 -1618 0.000 8507 6.015 0.00 0.071 0.333 0.000 2404 G006 000
00m ifn 0.000 848 5098 0.00 0.073 6174 0.000 2470 5980 000
0074 7864 0.000 543t 5001 0.00 0.075 8446 0.000 8446 5872 0.00
0076 7842 0.000 84335 5064 0.00 0.877 6.140 0.000 2423 5936 000
0078 3158 0.000 8412 ipag 0.00 0.079 0.527 0.000 8400 5840 0.00
0080 -1581 0.000 8380 5831 0.00 0.081 -3341 0.000 8378 5814 000
0.082 -1332 0.000 8367 e 0.00 0.083 -840 0.000 8357 5900 0.00
0054 -5.084 0.000 8346 5802 0.00 0.085 -f.744 0.000 8335 5804 000
0086 4461 0.000 8315 5087 0.00 0.087 -1.558 0.000 2315 5878 0.00
0088 1.556 0.000 B304 58M 0.00 0.082 4444 0.000 2194 5865 000
0080 §.702 0.000 8234 351 0.00 0.081 8014 0.000 8174 5831 0.00
0082 510 0.000 8265 5844 0.00 0.003 T134 0.000 8155 5837 000
0084 3158 0.000 245 5830 0.00 0.085 1343 0.000 8136 5813 0.00
0086 0517 0.000 8216 5817 0.00 0.087 -349% 0.000 817 5810 000
0098 -50E3 0.000 207 5803 0.00 0.002 -7.621 0.000 2198 5797 000
0.100 -3 0.000 8130 5790 0.00 0.101 -1.606 0.000 8180 5784 0.00
1 (cycle) 1(kA) Tdc (k&) ienv (kA) Tac (KA, rms) Tde (%) ticycle) i(kA) Tdc (kA) iemw (kA) Tac (KA, ms) Tdc (%)
0.000 0.000 10.211 20421 7120 100.00 0.100 -1.716 G481 16.613 1163 6396
0200 1.068 4177 14234 7112 4133 0.300 5817 1m 12717 7061 1735
0400 0833 1812 11718 7012 1827 0.500 11070 1219 11070 §.065 1238
0.600 8750 0.832 lo.419 6820 8.30 0.700 3581 0376 10.302 6877 592
0800 <1554 0.403 1007 6836 417 0.000 -T4R9 0.286 oaa7 4796 198
1.000 -0351 0205 2762 6.758 115 1104 -1341 0.148 054 6721 157
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ETAP

Project: Balikei 690V Page: 3
Location:  Istanbul 1260 Date: 07-08-2015
Confract: SH:
Engineer Study Case: SC Revicion:  Base
Filename:  AG 690 Confiz:  Shaft
3-Phase fault at bus 130VAC/60Hz ADT B
1=total fault current,
Nominal KV = 0230 Voltsge cFactor = 1.10 (Medmnm ) Ide=de conponext.
1env = top envelope of cwrent-wave,
Tae({rms) = rmos value of ac compenent,
1de{%s) = percentage value of de component
1) A Be®d)  dew(Rd)  Lefdmg gl 1 i) Hedd)  dew(sd)  lcfAms Ikl
0.000 0.000 1011 20411 7120 100.00 0.001 -1.691 1758 17022 1.186 Ti34
0002 P 3820 16.046 T154 58.60 0.003 0266 4335 14827 111 4521
0.004 1308 3518 13546 1081 3En 0.005 5817 171 12717 7.061 1735
.06 5470 1131 12075 T031 14 0.007 10350 L&72 11575 1002 1688
0.008 11104 1318 11182 6874 13137 0.0 10.581 1045 10,259 047 1083
0.010 8.750 0.832 10419 6020 350 0o 5890 0.668 10416 §.804 [
0012 1356 0.536 10250 6.859 351 0.013 -1381 0433 10012 544 447
0014 4317 0351 9008 6.820 184 0.013 -T489 0.286 0ae7 §.708 2198
0016 B043 0234 9812 6773 14 0417 -627 0.192 LN 6750 a0
0.018 5180 0159 9674 6.728 167 0019 -i813 0131 bAlg 4707 138
0.020 1813 0109 9564 6.685 L15 0021 0682 0.001 0516 5565 09§
0.022 40717 0.076 9471 6.043 080 0.023 6.893 0.063 b431 §.625 0487
0024 8739 0.053 9305 6.606 0.57 0.025 B350 0.044 B350 5587 048
0.028 3.674 0.037 9326 6.568 040 0027 6.784 0.032 8103 §.550 034
0.8 3960 0027 9265 6.532 0.0 0.2 0601 0.012 0234 6515 024
0.030 1821 o019 2208 6493 0.1l 0.031 -5.826 0018 o182 §.481 018
0032 -Toeg 0014 9156 6465 015 0.033 -0037 0.012 0131 440 013
0.034 -5.302 0010 2108 6433 011 0.033 -1334 0008 bg4 §418 0.08
0.036 4343 0.007 2062 6403 0.08 0.037 -1.687 0.008 b0 §.388 007
0038 1604 0.005 9018 6373 0.06 0.039 4813 0.004 g7 G350 005
0.040 7.263 0004 am 6343 0.04 04l 3873 0.003 2037 4331 004
0042 8.867 0.003 1937 6318 0.03 0.043 7815 0.002 g018 5304 003
0044 3.673 0.002 Baon 6.291 00 0.043 1748 0002 2881 4278 0.02
0146 0555 0.001 58463 6.266 0.02 0.047 -378 0.001 3845 253 01
0.048 433 0.001 5827 6.24] 0.01 0.048 -3.190 0.001 3810 5220 001
0050 -Te 0.001 8783 6217 0.01 0.051 -B159 0.001 317 5206 01
0.052 -6.383 0.001 8761 6194 001 0.053 -1 0.000 8743 §.183 001
0054 0548 0.000 3718 6172 0.00 0.035 1693 0.000 3714 G161 000
0058 3345 0.000 B.608 6.150 0.00 0.057 7.609 0.000 3683 §.140 0.00
0.058 8.600 0.000 B.669 6.120 0.00 0.059 8382 0.000 B.654 6118 000
0.060 .00 0.000 8640 6.100 0.00 0.061 4621 0.000 B.623 d.00e 0.00
0082 L1614 0.000 £.612 6.089 0.00 0.063 -1611 0.000 3598 5079 000
0054 4600 0.000 5584 6.070 0.00 0.065 -fi.034 0.000 m 5.060 000
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ETAP

Project: Balikei 630V Page: 4
Location:  Istanbul 1260 Date: 07-08-2013
Confract: SH:
Engineer Study Case: SC Revicion: B
Filepame:  AG 690 Confis:  Shaft
(Cont)
3-Phase fault at bus 13VAC/6IHz ADT B
1= total fault current,
Nominal KV = 0230 Voltage cFactor = 110 (MadmmmI9) Ide = de component,
1env = top envelope of cmrent-wave,
Tac(ms) = 1ms value of ae component,
Ide(%) = percentage value of de component
1 iE4) Me@d)  dw(d)  DefAms MG o) i) Hekd)  dw(d)  le@Ams @)
0.066 -3.180 0.000 5538 6.051 0.00 0.067 -3477 0.000 2545 §.042 0.00
0068 -1476 0.000 £532 6.033 0.00 0.069 -5430 0.000 8519 5024 0.00
0070 -1420 0.000 8307 6013 0.00 007 0533 0.000 1404 §.006 0.00
007 ifn 0.000 5482 5098 0.00 0.073 6174 0.000 2470 5980 0.00
0074 7864 0.000 B4 5001 0.00 0073 1444 0.000 1444 5471 0.00
0.076 7842 0.000 B43F ipd4 0.00 0077 6140 0.000 8423 5036 0.00
0.078 ER:] 0.000 5412 5048 0.00 0.7 0527 0.000 8400 5940 0.00
0.080 -1302 0.000 PR 5831 0.00 0.081 -3341 0.000 LETH] 5024 0.00
0082 <1331 0.000 5367 5817 0.00 0.083 -8291 0.000 8357 5900 0.00
0.084 -3.084 0.000 5348 5802 0.00 0.083 -6.744 0.000 8333 5804 0.00
0086 4461 0.000 B325 5487 0.00 0.087 -1.558 0.000 8315 5870 0.00
0.088 1.556 0.000 B304 5872 0.00 0.089 444 0.000 1104 5865 0.00
0080 6.702 0.000 ) 5858 0.00 0.081 8014 0.000 8374 5851 0.00
0.092 3109 0.000 $.26% 3844 0.00 0.083 7134 0.000 3255 5837 0.00
0084 3.156 0.000 3245 5830 0.00 0.085 1545 0.000 8236 5813 0.00
0.096 0317 0.000 8216 5817 0.00 0.087 -348 0.000 87 5810 0.00
0098 -50E3 0.000 207 5803 0.00 0.00a -1.621 0.000 8198 5707 0.00
0.100 -3 0.000 B1ge 5790 0.00 ol -1.606 0.000 2180 5784 0.00
e i(EA) Me@d)  dw(d)  DefAms MG topdd) i) Hekd)  dw(d)  le@Ams @)
0.000 0.000 10211 20411 7120 100.00 0.100 -L716 G481 16.613 1163 395
0.200 1068 4177 1414 7112 415 0300 587 1ml 12717 7061 1733
0400 0835 1812 11728 7012 1827 0.500 110670 1219 11.070 §.063 1238
0.600 8750 0.832 10,418 6820 850 0.700 350 0.578 10302 877 502
0.800 <1584 0403 10.071 6.836 417 0.900 -T489 0.286 ngay 4788 108
1.000 -0351 0205 9782 6.758 115 1104 -1541 0149 0h54 6721 157
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ETAP

Project: Balikei 630V Page: 5
Location:  Istanbul 12608 Date: 07-08-2015
Contract: SN:
Engineer Study Case: SC Revision: - Base
Filename:  AG_690 Confiz:  Shaft
3-Phase fault at bus 130VAC/60Hz ADTL.1
1=total fault cvent,
Nominal KV = 0130 Vltage cFactor = 110 (Maximam 1) Tde = de component,
1emv = top envelope of cwrent-wave,
Tac(mms) = rms value of ac component,
Ide{%) = percentage value of de component
t(s) k4 He(kd)  ienw(EA)  Dac (kA ms) T (%) 1 ik4) He(kA)  denw(kA)  Iac (kA ms) T 4)
0.000 0.000 4841 9481 3413 100.00 0.001 <1141 1340 7140 3408 4554
0.002 21173 1126 §.027 3304 2555 0.003 -1.347 0628 3440 3381 1440
0004 0114 0413 5173 3367 847 0.005 1728 0263 5007 3334 554
0.006 EREL] 0176 400 3342 ENE] 0.007 4140 0123 4831 EEN 1482
0.008 4743 0089 4780 3317 190 0.002 4504 0.066 4740 3305 141
0.018 3818 0050 4708 3284 107 0011 1526 0.038 4680 33 082
0.012 0.384 0029 4656 3m 064 0013 -0.841 0.023 4833 3261 0.50
0014 1445 0018 44513 3251 039 0.015 -3.603 0.014 43597 3240 031
0.016 4414 0.011 43580 3.0 0.23 [ 4510 0008 4364 im 020
0.018 3871 0007 4548 im 0.16 0.o1e -1880 0.006 43534 3a0m 013
0.020 -1.381 0003 4318 3193 010 0021 0286 0.004 4306 ERESS 0.08
0022 1915 0003 4403 3173 007 0.023 3247 0.002 4480 3.166 0.05
0024 4154 0.002 4468 3158 0.04 0025 4456 0002 4456 3150 0.03
0.026 4132 0001 4444 3141 0.03 0827 3151 0.001 4433 3134 002
0.008 1.383 001 441 3126 00 009 0178 0.00 4411 3le 0.01
0030 -135e 0001 4400 ERIN 0.01 0.031 -1708 0.000 4390 3104 001
0.032 3838 0000 4380 3087 001 0.033 -4335 0.000 43T 3000 0.01
0034 4113 0000 4360 3083 0.00 0.035 -3520 0.000 4351 3076 0.00
0.036 -1316 0000 4341 3070 0.00 0.037 0812 0.000 4331 3.063 0.00
0.038 0.810 0000 4313 3057 0.00 0.039 312 0.000 4314 308 0.00
0040 3483 0000 4306 35 0.00 0.041 4182 0.000 4197 3039 0.00
0.042 4153 0000 4280 3033 0.00 0.043 3751 0.000 4181 307 0.00
0044 1713 0000 4173 3l 0.00 0.045 1318 0.000 4155 3016 0.00
0.046 0.267 0000 4257 30 0.00 0.047 -1.309 0.000 4140 3.005 0.00
0048 3081 0000 4141 1890 0.00 0.040 -3037 0.000 4134 1904 0.00
0.050 427 0000 4217 1880 0.00 0.051 -3 0.000 4120 1084 0.00
0.052 3471 0000 4213 1870 0.00 0.053 -1.781 0.000 4106 1974 0.00
0.054 -0.264 0000 4108 1840 0.00 0.055 1183 0.000 4181 1064 0.00
0.056 1.668 0000 4183 1850 0.00 0.057 3.662 0.000 4179 21935 0.00
0.058 4139 0000 417 1850 0.00 0059 40335 0.000 4146 108 0.00
0.040 3365 0000 4150 1841 0.00 0.061 1125 0.000 4153 2937 0.00
0.062 0777 0000 4147 1831 0.00 0.063 0776 0.000 4141 2018 0.00
0.054 1216 0000 4135 184 0.00 0.065 -31340 0.000 4120 2010 0.00
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ETAP

Project: Balikei 630V Page: [
Location:  Istambul 1268 Date: 07-08-2013
Contraet: SN
Engineer Study Case: 5C Revision: - Base
Filenams:  AG 690 Confiz:  Shaft
(Comt)
3-Phase fault at bus 230VAC/60Hz ADTL1
1=total fault cuvent,
Nominal EV = 010 Vltage cFactor = 110 (Maximm 1) Tde = de component,
1 = top envelope of curent-wave,
Tac{mms) = rms value of ac component,
Idei%) = parcentaze value of de component
t(s) k4 Hc(k4)  denv(Ed) D (kA ms) Tde (%) t) ik4) Hcfkd)  denw(cd)  Dac (kA ms) e (%)
0.046 -3.003 0.000 4113 1915 0.00 0.087 4085 o.000 4117 1011 0.00
0.068 -3.603 0.000 4112 1807 0.00 0.069 <1617 0.000 4108 2003 0.00
0070 -L267 0000 4100 1899 0.00 0.071 0257 o.000 4093 1895 0.00
0072 L7141 0.000 4088 1802 0.00 0.073 um 0.000 4084 2888 0.00
0074 3m 0000 4078 1884 0.00 0.075 407 o.000 4073 21880 0.00
0076 im 0000 4068 1877 0.00 0.077 1062 o.000 4043 1873 0.00
0078 1728 0.000 4058 1840 0.00 0.07e 0154 0.000 4053 1866 0.00
0080 -1151 0000 4048 1362 0.00 0.081 -1577 o.000 4043 1850 0.00
0.082 -3.338 0.000 4038 1855 0.00 0.083 401 0.000 4033 1831 0.00
0084 3802 0000 4028 1848 0.00 0.085 -315% o.000 4024 1845 0.00
0.086 2153 0.000 4018 1842 0.00 0.087 0752 0.000 4014 1838 0.00
0.088 0751 0000 4010 1835 0.00 0.089 1146 o.000 4003 1832 0.00
0.090 3136 0.000 4.000 1820 0.00 0.001 igm o.000 ER 1825 0.00
0.092 3960 0000 3901 18 0.00 0.003 EEC o.000 387 1819 0.00
0084 1339 0.000 3083 1816 0.00 0.083 1129 0.000 3878 1813 0.00
0096 -0.250 0000 3974 1810 0.00 0.087 -1.600 o.000 3870 21807 0.00
0.098 1301 0.000 3065 1804 0.00 0.089 -3.683 0.000 3841 280 0.00
0100 -3857 0000 3957 1798 0.00 0.101 -3673 o.000 3053 2783 0.00
t(cycle) 1kA) Tdc (kA) ienw (EA) Tac (kA, rms) Tde (%) ticycle) i(ka) Tde (kA) ienw (kA) Tac (kA, ms) Tde (%)
0.000 0.000 4841 9681 343 100.00 0.100 -1380 1508 6316 EE 3L40
0200 -0gee 0576 5351 3376 1207 0.300 1728 0.263 007 33 554
0400 EX L] 0138 4831 3333 18 0.500 4786 0.080 4768 33 17
0.600 EXAk] 0050 4708 3294 Lo7 0.700 1443 0.032 4654 3275 059
0.800 1402 0.021 44628 3.257 046 0.900 -3.603 0014 4307 340 031
1000 4540 o1 4568 314 0.l 1100 -3.654 0007 4343 3208 015

85



ETAP

Project: Balikei 630V Page: 7
Location:  [stanbul 12645 Date: 07-08-2013
Contract: SN:
Engineer Study Case: SC Revision: Bse
Filepame:  AG_690 Confiz:  Shaft
3-Fhasze fault at bus 130VAC/60Hz EDT
1=total fault current,
Nominal EV = 0130 Voltage cFactor = 110 (Madmum I) Ide = de component,
1env = tap envelope of curent-wave,
Tac{mms) = rms value of ac component,
1de{%4) = parcentage value of de component
1 ik4) He(kd)  ienv(EA)  Dac (kA ms) e (%) 1 i(kA4) Be(A)  denv(xd)  Iac (kA ms) T (%)
0.000 0.000 6.307 12615 4440 100.00 0.001 -1043 1704 10074 4441 6041
0.002 113 1336 8.500 4411 3733 0.003 -1.154 1.468 7686 4404 1356
0004 0.351 ne4n 1144 4387 15.16 0.005 153 0.614 6.793 4360 993
0.006 4332 0408 §.563 435 .63 0.007 5850 0.176 6408 4336 430
0.008 6.251 0190 §.200 4310 3 0.002 6.029 0132 6220 4305 an
0010 3001 noad G160 4190 154 0011 3306 0.067 5112 4173 111
0012 1177 0048 807 4240 0.30 0.013 1080 0.033 G.040 4246 0.5
0014 3181 0026 6012 4131 043 0.015 -4808 0.019 5086 4219 032
0.016 004 5061 4206 0.4 0.07 -5 .01 3841 4193 0.18
0018 0008 5910 4180 0.14 0.0192 -31.741 0.006 3001 4168 0.10
0020 -1.812 0003 5881 4156 0.08 0.011 0372 0.004 5885 4145 0.08
0021 1401 0003 5848 4133 0.0 0.023 4151 0.002 5831 4111 004
0024 3407 0002 5815 4111 0.03 0.025 5.800 0.001 5.800 4.100 0.02
0026 33T 0001 5.785 40490 0.02 0.827 4206 0.001 3.770 4080 001
0028 0001 5756 407 0.0l 0.019 0341 0.000 3741 4060 001
0030 0.000 5728 4050 0.01 0.031 -3.642 0.000 3715 4041 000
0032 4006 0000 501 4031 0.00 0.033 -5643 0.000 5689 401 0.00
0034 5407 0.000 5.676 4013 0.00 0.035 -4382 0.000 3654 41003 000
0036 3018 0.000 5.851 3896 0.00 0.037 -1.057 0.000 3640 3988 000
0038 1.035 0000 5628 3880 0.00 0.039 3o 0.000 3617 3m 0.00
0040 4335 0.000 5.803 3064 0.00 0.041 5418 0.000 3584 3956 000
0042 3530 0000 5583 ER 0.00 0.043 4884 0.000 35m 3041 0.00
0044 1346 0.000 5.562 3833 0.00 0.045 1716 0.000 5.552 3916 000
0046 0348 0000 5541 3se 0.00 0.047 -1355 0.000 5531 3m 0.00
0048 4016 0.000 5512 3805 0.00 0.049 -5126 0.000 5513 3808 000
0050 5503 0000 5.503 3892 0.00 0.051 -5.108 0.000 3404 3885 0.00
0052 3008 0.000 5483 38T 0.00 0.053 -1331 0.000 3476 3m 000
0054 0343 0000 5467 3846 0.00 0.053 1687 0.000 3450 3860 0.00
0056 1474 0.000 5450 3854 0.00 0.857 4.768 0.000 3441 3848 000
0058 3380 0000 5433 3842 0.00 0.039 5154 0.000 5425 3836 0.00
0.060 4382 0.000 5417 3830 0.00 0.061 1898 0.000 3409 3835 000
0.0482 1012 0000 5401 3810 0.00 0.063 -L.o11 0.000 5393 RIS 0.00
0.084 1386 0000 5386 3.808 0.00 0.065 -4351 0.000 5378 3803 0.00
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Project: Balikei 630V Page: 8
Location:  [stanbul 1268 Date: 07-08-2015
Contract: SN:
Engineer Study Case: SC Revicion: - Base
Filepame:  AG_690 Confiz:  Shaft
[Cont)
3-Fhaze fault at bus 130VAC/60Hz EDT
1=total fault curvent,
Nomimal V = 0130 Voltage cFactor = 110 (Maodimmm I Tde = de component,
1emv = top envelope of corent-wave,
Tac{mms) = rms value of 3¢ componsnt,
Idei%) = percentaze value of de component
tE k4 He(k4)  denv(EA)  Dac (kA mg) T (%) ts) ik4) Hcfkd)  denw(ed)  Tac (kA ms) T (%)
0.046 5102 0.000 5371 3798 0.00 0.067 -3321 0.000 5363 3782 000
0.068 4603 0.000 5336 3.7 0.00 0.068 -3409 0.000 5340 3 0.00
0070 -L631 0.000 5342 0.00 0.071 0335 0.000 5333 3im 000
0072 1.168 0.000 5308 0.00 0.073 i 0.000 532 3762 0.00
0074 4041 0.000 5314 3.758 0.00 0.075 5307 0.000 5307 3753 000
0078 4018 0.000 5301 3748 0.00 0.877 3850 0.000 5284 374 000
0.078 111 0.000 5288 370 0.00 0078 0332 0.000 5.181 14 0.00
0.080 -L.630 0.000 5275 3730 0.00 0.081 -3358 0.000 5269 3716 000
0.082 4612 0.000 5263 3 0.00 0.083 S50 0.000 5136 mm 0.00
0.084 -5.085 0.000 5250 LN K] 0.00 0.085 4143 0.000 5244 3708 000
0.086 1307 0.000 5238 374 0.00 0.087 0880 0.000 5131 3700 0.00
0.088 0.978 0.000 5217 3686 0.00 0.089 177 0.000 3] | 3592 000
0.080 4112 0.000 5215 3.688 0.00 0.001 5046 0.000 5.200 3584 0.00
0.092 3163 0.000 5204 3680 0.00 0.003 4355 0.000 5.198 34876 000
0.004 31310 0.000 5193 3872 0.00 0.083 1.603 0.000 5.187 34668 0.00
0.096 0315 0.000 5182 3664 0.00 0.087 <114 0.000 5178 3560 000
0.008 -3.760 0.000 5m 3856 0.00 0.089 -4803 0.000 5186 34853 0.00
0.100 -5.160 0.000 5.160 3648 0.00 0.101 4703 0.000 5155 3843 000
t{cyele) 1kA) Tdc (kA) ienv (k4) Tac (KA, rms) Tde (%) t(oycle) i(ka) Tde (kA) ienv (kA) Tac (kA, ms) Tde (%)
0.000 0.000 6.307 11615 4440 100.00 0.100 -3 1730 0002 4418 4574
0.200 -0.660 12163 7483 4308 2030 0.300 1523 0614 6.793 4360 93
0400 3181 0314 G454 4341 5l 0.500 6270 0.168 6270 4315 175
0.600 3001 0024 G160 4190 134 0.700 1018 0034 6.086 4263 059
0.800 -1.823 0.032 §.030 42141 0.33 0.900 -4.808 0018 5004 4218 032
1.000 5024 0012 5048 4197 0.20 1100 477 0.007 j0l4 4178 012
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Project: Balikei 630V Page: 9
Location:  Istambul 1260 Date: 07-08-2013
Confract: SH:
Engineer Study Case: SC Revicion:  Base
Filename:  AG 690 Confiz:  Shaft
3-Phase fault at bus HIVAC/60Hz ADTA
1=total fault current,
Nominal KV = 0440 Voltage cFactor = 110 (Mudmm 1) Ide=de componext,
1env = top envelope of cmrent-wave,
Tac{rms) = rms value of ac component,
1dc{%) = percentage value of de component
1) A Tekd)  ew(d)  Do@Ams e 1) iE4) Hedd)  ew(d)  lcgdms L@l
0.000 0.000 6.231 11465 4407 100.00 0.001 -0.782 4983 11188 4386 8037
0.002 0481 4008 10.184 4386 G493 0.003 0624 141 03gs 4346 5173
0.004 1M 1834 8753 4317 43104 0.005 4034 1151 8143 4308 3530
.06 5634 1.766 1834 4191 11 0.007 6.753 1457 7500 4173 411
0.008 7180 1200 1207 4256 2008 0.002 6814 1.008 7002 4238 1681
0.010 5.4675 0844 G816 4111 1414 2.011 3.008 0] 6.650 4206 1195
0.012 172 0601 G528 4191 10.15 0.013 0,305 0511 6416 4176 B85
0.014 207 0436 4310 4141 741 0.013 4370 0374 6138 4146 638
0.016 -5338 031 G166 4131 331 0.017 -3.500 0278 6.102 4118 478
0.012 4346 0.241 G046 4105 416 0012 -3470 0.210 094 4001 3483
0020 1580 0183 59351 4078 EA ] 0.021 0521 0.160 5011 4066 am
0.022 138 0141 5874 4054 143 0023 4200 014 5840 4041 114
0024 5408 0109 5808 4030 191 0.025 577 0.006 3779 4019 149
0.026 5334 0.083 5752 4007 130 0017 4188 0.073 5 L 133
0028 2487 0047 5.703 3086 119 0.8 0412 0.059 5.681 3975 104
0.030 -1.680 0.053 5.860 3843 084 0.031 -3.518 0.047 5640 3055 084
0.032 47 0042 5621 3845 0.75 0.033 -3484 0.037 5.602 3935 047
0.034 5344 0.033 5.585 3826 0.60 0.033 -4431 0.030 5.568 ELIL 034
0.036 1934 0.027 5531 3807 048 0.037 1008 0.04 5537 ER 043
0.038 1032 o021 5512 3889 0.3 0.033 1840 0.019 5507 381 035
0.040 1447 0017 5403 387 031 0.041 5.308 0.015 3480 3864 028
0042 5424 0014 5467 3856 0.25 0.043 4781 0.012 3454 3B 022
0044 3473 0011 5441 3840 0.20 0.043 1.68% 0.0 3430 im 018
0046 0331 0009 5418 3825 0.16 0.047 -1281 0.008 5407 38T 015
0.048 3821 0007 5305 3810 0.13 0.048 -4.004 0.006 5385 3803 012
0050 5363 0006 5374 3786 0.10 0.051 4877 0.005 3384 3780 0049
0.052 3303 0.003 5353 3.7 008 0,053 =140 0.004 3343 3ms 0.08
0054 0331 0004 5334 3.768 0.07 0.035 1647 0.003 334 3782 0046
0.056 33 0.003 5315 3736 0.06 0.057 4.650 0.003 5305 3750 005
0.058 51255 0002 5206 ENEE] 0.04 0.058 5121 0.002 5288 37 004
0.060 417 0.002 5270 371 004 0.061 285 0.002 510 3715 0.03
0.042 0587 0002 5262 T8 0.03 0.063 -0.083 0.001 5153 374 003
0054 LAY 0001 5245 3.708 0.02 0.065 4133 0.001 52137 3703 002
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Project: Balikei 630V Page: 10
Location:  Istanbul 12608 Date: 07-08-2013
Confract: M
Engineer Study Case: SC Revision:  Base
Filename:  AG 690 Confiz:  Shaft
(Cont)
3-Phase fault at bus H0VAC/60Hz ADTA
1=total fault cunvent,
Nominal KV = 0440 Voltage cFactor = 110 (Madmm ) Ide = de component,
1env = top envelope of current-wave,
Tac(ms) = rms value of ze component,
Tde(%) = percentaze value of de component
1) A Hekd)  lew(d)  De@Ams) () 1) iE4) He@d) () DokAms) ()
0.046 -5.063 0.001 5218 367 0.02 0.067 -3179 0.001 5221 3692 002
0.048 4567 0001 5214 3686 0.02 0.069 -3317 0.001 5206 EX 001
0.070 -1.606 0.001 5108 3676 0.0l 0.071 0326 0.001 5.191 36m0 00
0072 21208 0001 5184 3665 0.01 0.073 374 0.000 5177 3560 001
0.074 4307 0.000 5170 3655 0.0l 0.075 5183 0.000 5.183 3650 00
0.078 4784 0.000 5156 3646 0.0l 0.077 3754 0.000 5149 Ex 00
0078 219 0000 5142 3636 0.01 0.07@ 0323 0.000 5136 EX.238 000
0.080 -1.383 0.000 5100 367 0.00 0.081 -3.185 0.000 5123 36 0.00
0082 4483 0000 5116 3618 0.00 0.083 -3.089 0.000 3110 34613 000
0.084 4043 0.000 5103 3.600 0.00 0.085 4124 0.000 5087 3604 0.00
01086 <1718 0000 5.081 3600 0.00 0.087 0053 0.000 5085 3506 000
0.088 0032 0.000 5078 3501 0.00 0.089 2718 0.000 5073 3587 0.00
0090 4000 0.000 5.067 3583 0.00 0.001 4801 0.000 5.061 357 0.00
0.002 3018 0.000 5036 3575 0.00 0.083 4423 0.000 5.050 i 0.00
0194 315 0000 5044 3567 0.00 0.005 1357 0.000 5038 3563 000
0.098 0316 0.000 5033 3550 0.00 0.087 -1141 0.000 5027 3533 0.00
0.098 -3.661 0000 5012 3551 0.00 0.002 4684 0.000 5017 3547 000
0.100 501 0.000 50l 3543 0.00 0.101 -4.654 0.000 5.006 3540 0.00
toc) PG4 Hekd)  lew(d)  De@Ams) () topdd) i) He@d) () DokAms) ()
0.0 0.000 6131 11465 4407 100.00 0.100 0694 4300 10.402 4373 6347
0.200 1126 3.003 2160 4340 4013 0.300 4034 1151 8143 4308 3530
0400 G448 1553 14504 417 1566 0.500 7147 1137 1147 4250 1892
0.600 3473 0844 G818 4221 1414 0.700 1440 0833 6.569 4186 1071
0800 -1338 0485 6383 417 £n 0.900 -4370 0374 6238 4146 538
1.000 5530 0292 6123 4113 301 1104 -4.441 0.230 6.020 4100 397
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Project: Balikei 630V Page: 11
Location:  Istanbul 12608 Date: 07-08-2013
Confract: SN
Engineer Study Case: SC Revicion:  Bse
Filepame:  AG 690 Config:  Shaft
3-Phase fault at bus HIVAC/6IHz ADTB
1=total fault current,
Nominal KV = 0440 Voltage cFactor = 110 (Mudmm ) Ide=de componext.
1env = top envelope of cwmrent-wave,
Tae{rms) = mos value of ac component,
1dc{%s) = percentage value of de component
1 i) Hekd) dw(d)  DegAms L) 1 iE4) Hedd)  ew(ed)  LegAms I
0.000 0.000 6.232 11463 4407 100.00 0.001 -0.7TE2 4.085 11.188 4356 80.37
0.002 0481 4109 10.184 4386 G493 0.003 0624 141 0388 4346 517
0.004 114 1634 8753 4317 43104 0.005 4034 1151 8245 4308 3530
.06 3634 1.766 1834 4291 11 0.007 6.753 1457 7.500 4173 2411
0.008 7.180 1.209 7207 4256 2008 0.0 6814 L.00g 7.002 423 1581
0.010 3873 0834 §816 4221 1414 001 3898 0.711 650 4208 1193
0012 172 0601 6528 4191 10.15 0.013 05935 0511 6416 4176 B85
0.014 -L7T 0436 4310 4141 741 0.013 -4370 0374 6138 4148 438
0.016 -5338 0322 G166 4131 331 0017 -3.500 0278 6.102 4118 478
0.018 4346 0.241 G048 4105 416 0.019 -147 0.210 5096 408 363
0.020 -1.500 0183 5851 4078 EA ] 0.011 0521 0.160 3011 4066 179
0.022 158 0141 5874 4054 143 0.023 4280 014 5.840 4042 114
0024 5408 0109 5.808 4030 191 0.015 377 0.006 577 4018 148
0.026 3334 0.085 5752 4007 130 0027 4183 0.073 5727 3008 133
0.028 1487 0067 5703 3086 119 0.0 0412 0.0 5.681 3475 106
0.030 -1.680 0.053 5560 304835 084 0.031 -31518 0.047 5640 3033 084
0.032 487 0042 5.621 3045 0.75 0.033 -i484 0.037 5.602 3035 047
0.034 -5344 0.033 5585 3824 0.60 0.033 -4451 0.030 5.568 ELI) 054
0.036 -1834 o7 5532 3807 048 0.037 1009 004 5.537 ER1) 043
0.038 1.052 o021 5512 3889 0.3 0.039 18460 0.0 5507 3881 035
0.040 1447 007 5403 387 031 0041 5308 0.013 5480 3864 028
0042 344 oo+ 5467 3856 0.25 0.043 4781 0.012 3454 ERH 922
0044 1473 0011 5442 3840 0.20 0.045 1683 0010 5430 EX ) 0.18
0046 -0331 0009 5418 3825 0.16 0.047 -1191 0.008 407 i 015
0048 -3811 0007 5303 3810 0.13 0.048 -4004 0.006 5385 3803 012
0.050 -5.363 0006 5374 3796 0.10 0.051 4877 0.005 5364 3Tee 009
0.052 -3803 0005 5353 3.7 008 0.053 -1149 0.004 5343 ENT 0.08
0054 -0331 0004 5334 3.768 0.07 0.035 1647 0.003 5314 3781 0.08
0.056 31 0.003 5315 3756 0.06 0.057 4650 0.003 5308 3750 0.05
0.058 3235 0002 5206 3743 0.04 0.059 5121 0.002 5288 imT 004
0.060 4171 0.002 5278 371 004 0.061 1823 0.002 5270 375 0.03
0.0482 0.987 0002 5262 3720 0.03 0.063 -3 0.001 5153 374 0.03
0044 -1E0Y 0001 5243 3.708 0.02 0.065 -4135 0.001 5237 3703 002
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Project: Balikei 630V Page: 12
Location:  [stanbul 1268 Date: 07-08-2013
Contract: SN:
Engineer Study Case: SC Revision: Base
Filename:  AG 690 Confiz:  Shaft
{Comt)
3-Fhase fault at bus 440VAC/60Hz ADT B
1=total fault curvent,
Nomial KV = 0440 Voltage e Factor = 1.10 (Maxiommn I Tde = de component,
1env = top envelope of corent-wave,
Tac{mms) = rms value of ac component,
Ide{%s) = parcentaze value of de component
1 ik4) He(k4)  deww(EA) D (kA ms) T %) t(s) ik4) He(®A)  denw(ed)  Iac (KA, ms) T %)
0.046 -5.063 0.001 5210 3.697 0.02 0.087 -5179 0.001 521 340 002
0.068 4367 0.001 5214 3.686 00 0.069 -31317 0.001 5.06 3481 001
0.070 -1.606 0.001 5108 3.676 0.01 0.071 0326 0.001 5181 EX] 001
0072 18 0.001 5184 3.683 001 0.073 3T 0.000 5177 3660 001
0074 4307 0.000 5170 3.655 0.01 0.075 5163 0.000 5163 3850 001
0076 4704 0.000 5.156 3648 0.01 0.877 3754 0.000 5148 3541 001
0078 119 0.000 5.142 3.636 001 0.0m 0323 0.000 5.134 38 0.00
0080 -1.585 0.000 5118 3.627 0.00 0.081 -3285 0.000 513 3 000
0.082 4483 0.000 5116 3.618 0.00 0.083 -5.049 0.000 310 343 0.00
0084 4843 0.000 5103 3.609 0.00 0.085 414 0.000 5097 3504 000
0.088 1728 0.000 5001 3.600 0.00 0.087 0853 0.000 5085 3506 0.00
0.088 0932 0.000 5079 3581 0.00 0.089 1718 0.000 5073 3587 000
0090 4009 0.000 5.067 3.583 0.00 0.001 4802 0.000 5.061 3570 0.00
0.092 5016 0.000 5.056 3373 0.00 0.003 4415 0.000 5050 35m 000
0094 33 0.000 5044 3.587 0.00 0.083 1557 0.000 5.038 3563 0.00
01096 4316 0.000 5033 3.550 0.00 0.087 -1141 0.000 5007 3555 000
0.008 -3.661 0.000 5022 3.551 0.00 0.009 -4.6i454 0.000 5017 3547 0.00
0.100 501 0.000 5011 3543 0.00 0101 -4654 0.000 5.006 3540 000
t{cycle) 1k4) Tdc (k&) ienv (k4) Tac (kA, mms) Tde (%) ticycle) i(kA) Tdc (kA) ienw (kA) Tac (KA, ms) Tde (%)
0.000 0.000 6131 11465 440 100.00 0.104 -0.684 4308 10492 4373 69.57
0200 1126 3003 9160 4340 4813 0.300 4034 1151 345 4300 3530
0400 6448 1533 74804 41m 2566 0.504 7147 1137 7147 4250 1892
0.600 5675 0344 816 4111 1414 0.700 1448 0.635 6.569 41948 N
0.800 1338 0483 5383 417 i 0004 -4370 0374 6138 4146 438
1000 =533 0191 4123 4123 ol 1100 -4441 0230 6020 4100 i
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Project: Balikei 630V Page: 13
Location:  Istambul 12606 Date: 07-08-2013
Contraet: SN:
Engineer Study Case: 5C Revision: Base
Filepame:  AG_690 Confiz:  Shaft
3-Phase fault at bus 440VAC/60Hz DT
1=total fault cumrent,
Nominal V = 040 Voltage cFactor = 110 (Mazimam 1) Ide = de component,
1env = top envelope of curent-wave,
Tac{rms) = rms value of ac component,
Ide{%) = parcentage value of de component
1 ik4) Hc(k4)  ew(®d)  Dnc (kA ms) T (%) tE ik4) We(d)  denv(ed)  Iac (kA ms) T (%)
00040 0.000 5630 11258 3081 100.00 0.001 0872 4138 og4an 3962 7544
0.002 0852 3213 5703 E 5763 0.003 0.091 1455 8009 37 4411
0004 1341 1.888 7418 3810 44 0.005 3163 1461 6.058 3804 1653
0.006 4634 1138 §.622 38 0.7 0.007 5670 0.301 6354 362 1934
0008 6.101 0704 144 3847 1254 0.003 5.308 0.350 5978 im 1031
0010 4514 0446 5843 3818 826 0011 340 0338 5737 3803 .58
0012 1.184 0.280 5540 3700 340 0013 -0.786 0.235 5575 3me 440
0014 -1.660 0192 5513 3.763 160 0.015 4134 0157 3441 3750 295
0.016 -4.001 012 5415 3738 143 0017 -5.120 0107 3376 36 203
0018 4514 0089 5340 3714 LG9 0.018 -3263 0.074 3309 370 141
0.020 -1.351 0.042 5281 3.801 113 0011 0.378 0.052 51535 igme 09
0021 115 0043 5231 3.669 0.83 0.023 3807 0.036 5209 3858 070
0024 4827 0031 5180 3648 0.5 0.025 5170 0.026 317 3837 050
0026 4701 0022 5152 3627 0.43 0.027 3748 0.018 5135 388 03§
0028 1188 0018 5118 3.608 031 0029 0.333 0.013 5103 ERY 024
0030 -1.538 0.011 5.088 3.580 0.1 0.031 -3118 0.010 3074 3581 019
0.032 4418 0.008 5060 35 0.16 0.033 4003 0.007 3046 3563 014
0034 4564 0006 5033 3555 012 0.035 4053 0.005 5021 3547 0.10
0036 1677 0004 5.000 3538 0.00 0.037 <0831 0.004 4897 35 007
0038 0837 0.003 4983 353 0.06 0,039 1687 0.003 4874 3503 005
0044 4016 0002 4963 3508 0.0 0.041 4797 0.002 4853 3501 004
0042 4.003 0.002 4042 3403 0.03 0.043 4311 0.001 4831 346 0.03
0044 3138 0001 4911 34T 0.02 0.045 1519 0.001 4011 3473 002
0046 0307 0.001 490 3446 0.0 0,047 -1082 0.001 4803 a0 0.02
0048 -3550 0001 4534 3453 0.01 0.048 4331 0.001 4873 My 001
0.050 4363 0.000 4368 3440 0.0l 0.051 4515 0.000 4837 EEEE 0.0
0051 -3534 0000 4348 3428 0.01 0.033 -1:060 0.000 4840 34 001
0054 0303 0.000 4832 34168 0.0l 0,053 1491 0.000 4823 3411 0.00
0056 3070 0000 4315 3405 0.00 0.057 4113 0.000 4808 3300 000
0058 4762 0.000 4300 3304 0.00 0030 4842 0.000 4701 3388 0.00
0080 38m 0000 4784 3383 0.00 0.061 1560 0.000 4777 3 000
0062 0204 0.000 470 331 0.00 0.063 -0.892 0.000 4762 3368 0.00
0054 1348 0.000 473% 3382 0.00 0.063 -3.841 0.000 4748 3358 0.00
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Project  Balikei 630V ETAP T

. 126.0H
Locanion:  Istanbul Date: 07-08-2015
Contract: SN
Engineer Study Case: 5C Revision: - Base
Filename:  AG_690 Confiz:  Shaft
(Cot)

3-Phase fltatbus . HO0VAC/60Hz DT
1=total fault curvent,

Nomimal KV = 0440 Voltage cFactor = 110 (Madiomm I Tde = de component,
1env = top envelope of curent-wave,
Tac{mms) = rms value of ac component,
Idei%) = parcentaze value of de component

s (k&) Tde (kA) ienv (k4) Tac (KA, ms) Tde (%) t(5) i(k4) Tde (kA) ienw (kA) Tac (kA, ms) Tde (%)

0.046 4302 0.000 4741 335 0.00 0.067 4887 0.000 473 EELH 0.00
0.062 4143 0.000 4718 334 0.00 0.068 3008 0.000 471 33 0.00
0070 -1.437 0.000 4713 333 0.00 0071 0296 0.000 4708 EE 0.00
0.0m 1002 0.000 470 3315 0.00 0073 EE L] 0.000 4605 31310 0.00
0074 4360 0.000 4480 3316 0.00 0.075 4683 0.000 4683 i 0.00
0.076 4348 0.000 4471 3307 0.00 0477 3405 0.000 4671 3303 0.00
0.078 1.086 0.000 4,463 3 0.00 n.om 0203 0.000 4650 3284 0.00
0.080 -1.438 0.000 4433 L] 0.00 0.081 1841 0.000 4847 3286 0.00
0.082 4067 0.000 4441 im 0.00 0.083 -4.300 0.000 4636 3am 0.00
0.084 4483 0.000 4530 314 0.00 0.085 -3741 0.000 4625 32 0.00
0.086 -1473 0.000 4418 3.266 0.00 0.087 -0863 0.000 4614 3263 0.00
0.088 0.864 0.000 4408 325 0.00 0.082 1467 0.000 4603 3255 0.00
0.090 3720 0.000 4508 321 0.00 0.001 4440 0.000 430 M 0.00
0092 43532 0.000 4588 34 0.00 0.003 4016 0.000 4383 M0 0.00
0.084 1018 0.000 4578 337 0.00 0.005 1413 0.000 437 3113 0.00
0.096 0.287 0.000 4568 320 0.00 0.087 -1843 0.000 4363 3206 0.00
0.098 3313 0.000 4538 313 0.00 0.0 4133 0.000 4353 321 0.00
0100 4348 0.000 4548 3216 0.00 0101 414 0.000 4354 31213 0.00

t{cyele) 1(kA) Tdc (kA) ienv (k4) Tac (KA, rms) Tde (%) t(oycle) i(ks) Tdc (kA) ienw (kA) Tac (kA, ms) Tde (%)

0.000 0.000 3830 11238 X)) 100.00 0.100 -0ga7 35 L1 3950 63.05
0200 0.534 1148 7784 i 4033 0300 3163 1.461 6068 3804 2553
0.400 i 0.067 G436 3867 17.68 0.500 6.085 0.631 6.085 3841 11.98
0.600 45814 0446 5843 EXH 826 0.700 1869 LN 3676 i 578
0.800 -1.428 0118 5553 im 4l 0.900 4134 0.157 j4dl 3750 186
1.000 -3.161 0114 5388 ENED] 116 1.100 4161 0.083 3330 kM) 138
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ETAP

Project: Balikei 630V Page: 15
Location:  [stambul 12605 Date: 07-08-2013
Contract: SN:
Engineer Study Case: 5C Revision: - Bse
Filepame:  AG_690 Confiz:  Shaft
3-Phase fault at bus 690VAC/6IHz ADTA
1=total fault cuvent,
Nomimal KV = 0690 Voltage e Factor = 110 (Maximm ) Tde = de component,
1env = top envelope of curent-wave,
Tac(mms) = rms value of ac component,
Ide{%) = parcentaze value of d component
tE ik4) He(k4)  ienv(RA)  Dac (kA ms) T (%) t) i) He(kA)  denv(kd)  Iac (kA ms) T (%)
0.000 0.000 74314 148620 31548 100.00 0.001 3741 70607 144508 51612 oR10
0.002 16.763 0054 140787 30.723 9617 0.003 36.607 §6.640 JETA NN 40877 B4
0004 50005 4353 133.751 40071 173 0.005 83291 62181 130496 48306 oloz
0.006 103.002 §0.114 127398 4751 8034 0.007 116.245 52144 124446 46.833 8
0008 121116 36244 121631 46221 B6.07 0.002 116.918 54468 118043 45581 2248
0010 10423 31748 116374 400 1201 0401 84.760 51102 113817 44417 8135
0012 gL148 40524 111.564 43 040 79.82 0.013 36.521 43008 108310 431347 7831
0014 14084 46.353 107148 41848 16.82 0.015 -134 45133 105073 41371 ERE
0016 -13.607 43.807 103.084 41815 T30 0.017 -15.685 1312 101172 41478 e
0018 2623 41244 90,333 41.061 7006 0.012 3407 40.061 07585 40561 69.67
0.020 21.300 38002 95064 40.278 [ 0.01 41327 37783 04124 3081 6504
0021 0524 36.704 92548 30558 G561 0.023 TH.094 35.662 01127 39210 6430
0024 B5.708 4655 B0.561 13805 §3.00 0.025 88246 33.683 8246 38582 6173
0026 B30m s B6.881 33282 §0.48 0.027 T1.001 31834 85583 37963 5023
0008 53.664 0854 B4.201 T4 5804 0.019 33420 30104 83.041 37446 56.85
0030 13019 10281 ELET2 31187 55.68 0.031 4813 15484 80.722 36938 5453
0.032 -17.765 w3 70,500 36.606 5340 0.033 -14.193 26,065 78333 36.443 5220
0034 -13.387 26242 17400 36238 5130 0.035 -15.671 25340 76480 36020 5014
0036 1275 14860 75501 35809 4008 0.037 14.766 24101 T4554 35505 4806
0038 31045 13582 73634 35406 4708 0.039 40827 11043 T34 35214 4607
0040 62417 134 TL.877 35027 4510 0.041 0480 21758 71037 34543 4415
0042 §9.835 11982 0.221 680 41 0.043 3304 20643 60420 34407 4131
0044 51058 20,110 8650 M3 4142 0.045 34523 10581 7011 34.166 40535
0046 16.070 19089 §7.183 Hu7 nge 0.047 -1.783 12.601 66473 3383 3B
0.048 -16.61§ 18.127 §5.787 1.0 3803 0.042 -16.451 17.666 5116 3353 Ly}
0050 -30.027 17.118 4464 33408 3644 0.051 -16.058 16.783 63820 33266 3547
0051 -17.781 16.360 §3.210 BIn 4m 0.053 -1016 15048 G606 31981 3418
0054 11432 15.550 010 31859 3348 0.083 10434 15161 Gl443 nm 3176
0056 44170 14.783 §0.886 32600 o7 0.057 34.660 14415 60341 31474 3130
0058 50,448 14.058 50.500 31351 3073 0.059 57837 13710 30189 31220 30.08
0060 50.109 13372 58.781 3110 1045 0.061 TS 13.042 38286 31981 1883
0.042 21168 12712 57.802 namn 13n 0.063 3003 12410 37309 31743 178
0084 -11.878 12.106 56.867 31851 705 0.063 -14275 10810 36413 31540 1548
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ETAP

Project: Balikei 630V Page: 16
Location:  Istanbul 1260 Date: 07-08-2013
Confract: SH:
Engineer Study Case: 5C Revicion:  Bse
Filepame:  AG 690 Confiz:  Shaft
(Cont)
3-Phase fault at bus G90VAC/60Hz ADTA
1=total fault exrent,
Nominal KV = 0690 Voltsge cFactor = 110 (Madmm 1) Ide=de component.
1env = top envelope of cmrent-wave,
Tac{rms) = rms value of ae component,
Ide{%) = percentage value of de component
1 iE4) Hek4) iew(Ed)  DegAms) (R o) iEA) He4)  iew(d)  lcgAms) (R
0.046 -31.331 11523 55873 31431 58 0.067 -3L706 11142 53540 3131 1538
0.048 -1 10059 55117 nar 2485 0.069 17341 10.704 .703 il 433
0.070 3106 10443 54208 31009 133 0071 11837 10,193 53801 30006 1331
007 15405 ooa7 53512 30.805 218 0.073 41382 0.708 33131 30.703 1236
0.074 40718 0473 51758 30.606 1.8 0.073 51303 0147 51393 30508 1143
0.07 40014 o026 51034 30411 008 0.am 40.063 8310 51.683 30316 055
007 26.797 2.600 51338 30221 00 007 11070 830935 51.000 30117 1270
0.080 4050 8183 50.460 30033 19.28 0.081 -18.890 2.000 30343 0841 1889
0.082 -10.182 7810 50.024 10850 18.50 0.083 34128 1625 48.710 20750 1812
0.084 -33.105 T4 40.403 10640 17.74 0.083 -16.574 760 40100 20,580 1738
0.086 -15.151 T 48803 1n401 17.02 0.087 -0.862 5920 48512 20403 16.66
0.088 14333 6.756 48225 10316 16.31 0,08 18736 6.607 47844 20230 1598
0.080 39.705 6.451 47.867 114 15.65 0.001 46.104 5300 7385 20058 1533
0.002 46,804 6.152 47127 15874 1501 0.083 41810 6.008 44.844 28800 1470
0094 31.835 5.867 46,505 18.806 14.40 0.005 13282 3730 46350 2713 1411
0.006 3083 3506 46.100 18841 1381 0.087 -11.731 5445 43853 28550 1333
0.098 -14.010 5338 43611 18477 13.25 .00 311235 5113 43371 28306 1298
0.100 -34.833 5092 45137 18316 127 0.101 31154 4073 44805 28236 1243
t{cyele) i(k4) Tdc (kA) iemv (kA4) Tac (kA, ms) Tde (%) t(cvele) i(kA4) Tdc (kA) iemw (k4) Tac (kA, ms) Tde (%)
0.000 0.000 74314 148628 31548 100.00 0.100 11522 §0.880 141034 51014 biR7
0.200 4“7 43864 136015 40604 9330 0.300 83201 §2.181 130486 48306 o102
0400 112601 125415 4111 i) 0.500 120.722 53.637 120722 46.008 8554
0.600 104.223 116374 44000 19 0.700 0193 50.043 111337 44040 8033
0.800 28.647 108580 43178 77.82 0.800 -134 45133 105073 41371 7533
1.000 -15.024 41038 101801 41622 7195 1100 -3.066 40858 08.736 40916 T0.58
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ETAP

Project: Balikei 630V Page: 17
Location:  Istambul 12606 Date: 07-08-2015
Contract: SN
Engineer Study Case: 5C Revision: Base
Filepame:  AG_690 Confiz:  Shaft
3-Fhaze fault at bus 690VAC/60Hz ADTB
1=total fault cumrent,
Nominal EV = 0890 Voltage cFactor = 110 (Mazimmam 1) Ide = de component,
1env = tap envelope of cwrent-wave,
Tac{rms) = oo value of ac component,
Ide({%s) = parcentage value of de component
tE ik4) Hc(k4)  denv(Ed) Do (kA ms) T (%) tE i(k4) We(A)  denv(kA)  Iac (kA ms) T %)
0.000 0.000 T4314 148620 51548 100.00 0.001 3742 71607 144 508 51612 010
0.002 16.763 60054 140.787 3073 9627 0.003 36.607 §6.640 JERA ) 40877 (o]
0004 50005 54353 133.751 40071 173 0.005 83201 62181 130406 43306 0102
0.006 103.002 40.114 127.398 47577 5034 0.007 116.245 55144 124446 46,883 1
0.008 121116 56264 121631 46221 B6.07 0.003 116.818 54.468 118043 43501 3448
0010 10423 31740 116.374 44000 3201 0011 84.760 51102 113017 4417 8135
0012 dl148 40524 111.564 43840 9.8 0013 36.521 43008 108310 43347 7831
004 14084 46.553 107148 41848 76.82 0.015 -13M 43153 105073 41371 S
0.016 -13.607 43807 103.084 41813 73.00 0017 -13.685 413512 101172 41478 7247
0018 -0A13 41264 90,333 41.061 7106 0.018 3407 40.061 97 565 40561 .47
0020 21300 35002 935864 40278 8.0 0011 41317 EXNE] 04124 38 64504
0021 §0.524 36.704 91548 30558 §3.61 0.023 Ta.0a4 35.662 91127 30220 430
0024 B5.708 34655 £0.561 30805 §3.00 0.025 28246 33.683 $8.246 38582 6173
0026 B307 78 B6.881 38282 §0.48 0.027 71001 31834 85563 37903 525
0028 53.664 30854 54201 En ] 5504 0029 3341 30104 33.061 37444 5685
0030 13.019 20381 B1LE72 37187 53.68 0.031 -4813 15484 80.722 36938 5453
0032 -17.765 7 70.500 36.696 5340 0.033 14185 26.065 78333 36.463 5229
0034 -13387 26242 77.400 36238 5110 0.035 -15.671 25340 T6.480 36.020 5014
0036 -1175 24860 73.502 35.809 40.00 0.037 14.766 4101 74554 35605 4806
0038 31045 13562 73.634 33406 47.08 0,039 40627 11043 73742 3524 4407
0040 2417 11341 1877 35007 45100 0.041 60450 21758 71037 34843 415
0042 §0.835 19 70.211 34640 4.1 0.043 63394 20.643 G042 487 4231
0044 51058 20110 58,5509 34300 4142 0.045 34503 19.502 7011 34.166 40535
0046 16.070 10.089 §7.183 4007 3068 0,047 -1.783 13.601 66473 3383 3885
0048 -16.618 18127 65.787 3370 3803 0.048 16452 17.666 5116 33532 Kt
0050 -30.007 17218 4,464 33408 3644 0.051 -16.858 16.783 §3.820 33266 3547
0052 -17.781 16380 3.210 3317 4.0 0.033 -1016 15048 G2.606 31901 3418
0054 11432 15.550 019 32859 3346 0,053 10444 15.161 1443 3T 3276
0056 4417 14783 §0.886 32600 o7 0.057 54660 14415 60341 31474 3l3e
0058 58,448 14058 50.500 31351 nm 0030 57857 1370 i lge e 30.08
0060 50.108 133712 58.781 32010 1045 0.061 37285 13.042 382R6 31992 B8
0.0482 21168 1.7 51.802 8m 1nn 0.063 38903 12410 3730 31763 1748
0.084 -11878 12106 56.867 31651 2705 0.063 14275 11810 36413 31540 548
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ETAP

Project: Balikei 630V Page: 18
Location:  Istambul 12608 Date: 07-08-2013
Conraet: SN:
Engineer Study Caser SC Revision:  Be
Filenams:  AG_690 Confiz:  Shaft
{Cont)
3-Fhase fault at bus 690VAC/60Hz ADT B
1=total fault cuvent,
Nominal ¥V = 0630 Voltage e Factor = 110 (Maximm ) Tde = de component,
1env = top envelope of curent-wave,
Tac(mms) = rms value of ac component,
Ide{%) = parcentaze value of d component
1 k4 He(kd)  ienw(EA)  Dac (kA ms) T %) t) i) He(kA)  den(kd)  Iac (kA ms) )
0.046 -31.531 11523 55873 31431 5m 0.087 31706 11241 55540 3131 1538
0.068 =007 10.849 55117 nm 1455 0.069 -17341 10704 34703 3L 1433
0.070 -3.106 104435 54208 31009 n3nn 0.071 12837 10183 33001 30906 1332
0072 13405 bea7 53512 30805 128 0.073 41362 o708 33131 30703 1236
0074 40.718 0473 52.758 30.606 2189 0.075 51393 0247 31303 30508 1143
0078 40.014 b6 52034 30411 2059 0.877 0083 2310 51.683 30316 1055
0.078 26,787 2600 51338 30221 012 0.07e 11070 8305 S1.000 30127 1870
0.080 4830 8195 50,668 30033 1018 0.081 -18.890 2.000 30343 10941 1889
0.082 -28.182 T80 50024 20850 1850 0.083 -34128 7.625 40710 1075 1812
0084 -33.185 T43 40.403 10640 1774 0.085 163574 7260 40100 10580 1738
0.086 -15.151 77 43.803 10401 17.02 0.087 0382 6020 48512 10403 16.66
.08 14,535 6.766 48225 10316 1632 0.089 18.756 6.607 47044 20230 1598
0.080 30,705 6451 47.567 ] 1563 0.001 46104 6300 47303 20038 1533
0.092 46.504 6.152 47137 18074 1501 0.003 41810 5.008 46864 28890 1470
0.004 31835 5.087 46,605 18806 1440 0.083 18182 3730 44350 1873 1411
0.096 3053 5.506 46.100 18641 1382 0.087 -11.731 5463 43853 18550 1353
0.008 -4.000 5338 45811 B4 1325 0.089 31123 313 4337 18306 1298
0.100 -34.053 5092 45137 18316 1272 0.101 31154 4973 44003 28236 1245
t{cyele) 1kA) Tde (kA) iemv (k) Tac (K4, ms) Tde %) t{cyele) i(ks) Tde (kA) ienw (kA) Tac (KA, ms) Tde ()
0.000 0.000 74314 142620 31348 100.00 0.100 11.522 §0.380 141034 51014 0587
0.200 4187 5864 136.005 40604 9380 0.300 83291 62181 130496 48306 0102
0.400 112.601 38700 115415 47111 1224 0.500 120.721 55657 120.722 46.008 8554
0.600 104.103 31748 116374 400 1201 0.700 0293 50043 111337 44040 8033
0.800 25647 47517 108.380 43178 77483 0.900 =334 45153 105075 4137 7533
1.000 -15.804 41033 101.801 41622 7185 1100 -5.086 40858 05736 40026 T059
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ETAP

Project: Balikei 630V Page: 19
Location:  Istambul 1268 Date: 07-08-2015
Conraet: SN
Engineer Study Case: 5C Revision: Base
Filenams:  AG_690 Confiz:  Shaft
3-Fhase fault at bus 690VAC/60Hz DT
1=total fault current,
Nominal ¥V = 0690 Voltage e Factor = 110 (Maiomm 1) Ide = de component,
1env = top envelope of cwrent-wave,
Tac{rms) = rms value of ac component,
Ide{%s) = percentage value of de component
1 k4 He(kd)  ienv(EA)  Dac (kA ms) T (%) t) ik4) We(d)  denv(kA)  Iac (kA ms) I %)
0.000 0.000 48 §4.855 1830 100.00 0.001 -11.006 18.886 51036 21733 3874
0.002 -12.048 11.191 43.0m 13543 ExR L] 0.003 -6.704 §.758 38380 21350 138
0.0 1307 4177 35543 1181 1332 0.005 11373 1655 33T 21008 153
0.006 21433 1743 314632 11840 363 0.007 28057 1192 EIRCh 214678 ERY
0.008 31043 0340 31283 11.520 1m 0.008 10390 0.630 30.348 21368 2108
0.010 24763 0485 30404 1218 1.4 04011 16.357 0.386 30191 21076 130
0.012 3.863 0313 10013 20034 1.07 0013 =540 0.263 0470 20801 0.89
0014 -15.440 0222 10453 20669 0.76 0.015 13312 0.190 18240 20541 055
0.016 -17.803 0184 10038 0417 037 0o -18.338 0.141 18846 0287 0.4
0.018 -14.885 0123 18.662 0179 043 0.018 17081 0.108 18485 20,066 038
0.020 5427 0094 18314 10855 033 001 184 0.082 28150 19847 029
0022 11850 0.072 17901 19.742 0.26 0.023 0310 0.063 17838 19,540 023
0024 15748 0055 27580 19,340 0.20 0.025 17545 0.048 17545 10,443 018
0.026 15484 0042 27406 19340 015 0.027 10389 0.037 7m 19257 014
0.008 11574 0.032 7130 19158 012 0.0 173 008 7ol 19.080 01l
0.030 L1786 0025 26.888 15005 0.00 0.031 -17.026 0.012 16.767 18912 008
0.032 -3317 n.oe 16,548 18.830 0.07 0.033 -16.202 007 16.333 18.751 0.08
0034 -15.564 0015 26423 18674 0.06 0.035 -11.246 0.013 16315 18508 005
0.036 -14.024 0.011 26.208 18324 0.04 0.037 -4.880 0.010 16.105 18452 004
0.038 4380 0.009 26.004 18.381 0.03 0,039 13084 0.008 25005 13312 0.03
0.040 20.881 0007 15808 18245 0.03 0.041 4008 0.006 15714 18179 002
0.042 25420 0.003 2561 15114 0.0 0,043 134 0.004 15531 18.050 0.02
0044 16.1192 0004 15443 17088 0.02 0.045 7838 0.003 15356 17917 001
0.046 -1.384 0.003 13m 17.368 0.0l 0047 -10.721 0.003 15188 17.800 001
0.048 -18.208 0.002 25107 17.752 0.01 0.048 13285 0.002 15027 17.695 001
0.050 -14.045 0.002 4048 17.640 0.0l 0.051 -13.122 0.002 447 17.586 001
0.052 -18.073 0001 24705 17532 0.01 0.033 -10.524 0.001 M 17480 000
0.054 1347 0.001 4548 17428 0.00 0,033 7.585 0.001 Mim 17378 0.00
0.056 15.611 0001 24,506 17328 0.00 0.057 11414 0.001 14437 17279 000
0.058 141078 0.001 24360 17.131 0.00 0,038 13538 0.001 24301 17.183 0.00
0.050 18,607 0.000 24235 17.137 0.00 0.061 12851 0.000 4170 17.081 000
0.062 4317 0.000 4106 17.045 0.00 0.063 4508 0.000 pENICE] 17.001 0.00
0.054 -11.848 0.000 23081 16.857 0.00 0.063 -18.351 0.000 pER] 16.914 0.00
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ETAP

Project: Baliker 690V Page: 2
Location:  [stanbul 12508 Date: 07-08-2013
Contract: SN:
Engineer Study Case: 5C Reision: - Base
Filepame:  AG_ 690 Confiz:  Shaft
(Cont)
3-Fhase fault at bus 690VAC/60H: DT
1=total fault cuvent,
Nomimal KV = 0690 Voltage  Factor = 1.10 (Maximm ) Jde = de component,
1env = top envelope of corent-wave,
Tac(mms) = rms value of ac componsnt,
Ide(%) = percentaze value of de component
tE ik4) He(k4)  ienw(EA)  Dac (kA ms) T %) t ik4) Hc(k4)  env(ed)  Iac (kA ms) I %)
0046 23008 0.000 13850 16871 0.00 0.067 13612 0.000 13.300 16820 000
0048 -20.804 0.000 134 16.787 0.00 0.068 -15.096 0.000 13.683 16.746 0.00
007 1301 0.000 23.826 16.706 0.00 0.071 1480 0.000 13560 16,466 000
007 100 0.000 13351 16.626 0.00 0.073 17.100 0.000 15458 16.587 0.00
L) 21760 0.000 213404 16,340 0.00 0.075 13350 0.000 13350 16.511 000
0076 21561 0.000 13297 16473 0.00 0477 16044 0.000 13244 16.436 000
0078 0873 0.000 pEREN 16.399 0.00 007 1433 0.000 13141 16.363 0.00
0.080 1133 0.000 23.000 16327 0.00 0.081 14.686 0.000 13039 16281 000
0.082 -20.144 0.000 11080 16.156 0.00 0.083 12759 0.000 11840 16211 0.00
0084 -117 0.000 12891 16.187 0.00 0.085 -18.480 0.000 1843 16.152 000
0.086 -12.114 0.000 11795 16119 0.00 0.087 -4143 0.000 748 16.083 0.00
0088 4154 0.000 22701 16.052 0.00 0.089 11138 0.000 11654 16.01% 000
0080 18.200 0.000 22508 15.086 0.00 0.001 11854 0.000 10563 15934 0.00
0092 21340 0.000 1517 15022 0.00 0.003 10.693 0.000 1n4m 15890 000
0084 14204 0.000 2418 15.859 0.00 0.085 6817 0.000 11384 15828 0.00
L 1403 0.000 1340 15.797 0.00 0.087 0403 0.000 1296 15.766 000
0098 -16.112 0.000 12233 15.735 0.00 0.089 -20.651 0.000 nua 15.70% 0.00
0100 -11168 0.000 12168 15673 0.00 0101 20572 0.000 1126 15645 000
t(cycle) 1(kA) Tdc (k&) iemv (k) Tac (K4, ms) Tde %) tcycle) i(kA) Tde (kA) ienw (KA) Tac (k4, ms) Tde (%)
0.000 0.000 43 4.055 1830 100.00 0104 -11.547 13007 45247 22506 4158
0.200 4004 5741 mam 11298 1811 0.300 11173 1635 33718 21008 153
0400 2621 1343 32081 .71 430 0,504 31177 0.763 a7 21460 132
0.600 24763 0485 30404 11218 1.62 0.700 0506 0.336 30010 204982 113
0800 4313 0.248 10,501 20736 035 0,004 13312 0180 10240 0541 083
1.000 -28511 0149 18000 0337 032 1100 11826 0118 18.602 0141 041
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ETAP

Project: Balikei_ 630V Page: il
Location:  [stanbul 1268 Date: 07-08-2013
Contract: SH:
Engineer Study Case: SC Revision: Base
Filepame:  AG_690 Confiz:  Shaft
3-Fhase fault at bus 690VAC/60Hz EDT
1=total fault cuvent,
Nomimal KV = 0630 Voltage cFactor = 110 (Moo I Tde = de component,
1env = top envelope of curent-wave,
Tac(mms) = rms value of ac component,
Ide(%) = percentaze value of de component
tE x4 Hek4)  ienw(EA)  Dac (kA mg) e (%) t) ik4) Hc(k4)  env(ed)  ac (kA ms) B (%)
0.000 0.000 41847 B3935 20675 100.00 0.001 -8.750 28846 70347 10350 6947
0.002 -10.038 18013 §1.004 10055 4347 0.003 -3.521 13797 H4T 28761 3392
0004 7.057 0586 40 830 18477 330 0.005 19.003 G.678 46564 218204 1674
0.006 20,350 4683 4177 17840 1180 0.007 37575 1164 41413 27686 B34
0008 40.780 1291 41.086 17440 300 0.002 3BET3 1611 40.081 27202 414
0010 31007 1137 38283 26873 108 0011 11076 0.805 38637 26732 213
0012 7.604 0.571 E:R 0] 16.537 132 0.013 -6.570 0407 644 26331 109
0014 -10.504 0291 37245 26.130 0.7 0.015 10485 0210 36.890 25937 057
0016 -35.120 0152 36,367 1574 041 0.017 -33.763 0110 36.269 15568 03l
0018 -31.388 0.081 35981 15303 0.3 0.012 11677 0.060 35730 1313 017
0.020 -10.805 0044 3548 15058 0.13 0.011 114 0.033 35143 4008 009
0021 14804 0025 35018 474 0.07 0.023 13373 0.0 34800 24504 0046
0024 31162 0015 34,500 14448 0.04 0.025 34387 0.012 4387 14307 003
0026 31700 0.009 34180 M170 0.03 0.027 14787 0.007 H000 14036 002
0008 14.401 0.006 33816 137 0.0 0.0 1116 0.003 33637 13781 001
0030 -10.334 0004 33463 13659 0.01 0.031 11217 0.003 33214 13540 001
0.032 -20.027 0.003 3.0 1343 0.0l 0.033 -32.706 0.002 e nin 001
0034 -31.780 0.002 31815 33202 0.01 0.035 16423 0.001 31664 23006 000
0036 -17.411 0.001 31506 1181 0.00 0.037 -6.085 0.001 3131 211890 000
0038 6.040 0.001 nm 1wl 0.00 0.039 17198 0.001 31096 22695 0.00
0040 25858 0.001 31963 1601 0.00 0.041 30.832 0.001 31832 21500 000
0042 31455 0.000 31703 1419 0.00 0.043 17475 0.000 31581 133 0.00
0044 20.053 0.000 31460 1245 0.00 0.045 0683 0.000 31341 21161 000
0046 -1.960 0.000 31.225 o 0.00 0.047 -13.246 0.000 2 1100 0.00
0048 -11.508 0.000 31.000 21820 0.00 0.042 18722 0.000 30.891 21843 000
0050 -30.785 0.000 30.785 11768 0.00 0.051 -18.526 0.000 30.680 21684 0.00
0051 <1118 0.000 30578 21622 0.00 0.033 12876 0.000 30477 21550 000
0054 -1.907 0.000 30378 11481 0.00 0.035 0358 0.000 30.281 4 0.00
0056 19.242 0.000 30.186 11345 0.00 0.057 16371 0.000 30093 127 000
0058 210.764 0.000 30.001 11114 0.00 0.059 18871 0.000 081 21150 0.00
0060 4117 0.000 2081 21.087 0.00 0.061 15833 0.000 0735 21026 000
0.042 3.556 0.000 10,548 30865 0.00 0.063 -3.540 0.000 10584 20005 0.00
0084 -15.797 0.000 20431 30846 0.00 0.085 13784 0.000 10300 20788 0.00
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ETAP

Project: Balikei 690V Page: n
Location:  [stanbul 1260 Date: 07-08-2015
Confract: SH:
Engineer Study Case: SC Revicion: Bse
Filepame:  AG 690 Confiz:  Shaft
(Cont)
3-Phase fault at bus G90VAC/60Hz EDT
1=total fault curent,
Nominal KV = 06%0 Voltaze cFactor = 110 (Madmm ) Ide=de component,
1env = top envelope of curent-wave,
Tac{rms) = rms value of ac compenent,
Ide{%) = percentage value of de component
1 14 Do) dw(d)  BoGdms)  Tc(h) o) i) Bekd)  ew(®d)  Le@Ams ()
0.0486 -18.387 0.0:00 w318 .71 0.00 0.067 -10.008 0.000 10238 20,875 0.00
0.048 -15.553 0000 28,160 10619 0.00 0.069 -18.538 0.000 10,082 20564 000
0.070 -5.063 0.000 20.006 20510 0.00 0omn 1817 0.000 18830 20457 0.00
0072 12284 0000 28.856 0404 0.00 0073 20.981 0.000 28782 20332 000
0.074 26.603 0.000 2370 20301 0.00 0073 28.638 0.000 18638 20250 0.00
0.076 26.361 0.000 28.567 20.200 0.00 0077 0.3 0.000 18487 20150 0.00
0078 12004 0000 28417 010 0.00 0T 1781 0.000 28350 200053 000
0.080 5742 0.000 il | 20.005 0.00 0.081 -17.881 0.000 1814 10957 0.00
0.082 -14.675 0000 28158 19.010 0.00 0.083 -17.870 0.000 28002 10854 000
0.084 -17.144 0.000 28027 10818 0.00 0.083 -11.622 0.000 17862 18772 0.00
0.086 -14.049 0000 27800 19.727 0.00 0.087 -3216 0.000 17835 19583 000
0.088 3104 0.000 2 10,638 0.00 0.089 14848 0.000 nm 18504 0.00
0.080 11369 0.000 17840 19.551 0.00 0.081 26.721 0.000 17588 19508 000
0.002 27310 0.000 27508 19445 0.00 0.003 24070 0.000 17468 18412 0.00
0094 17471 0000 27.408 19380 0.00 0.085 3451 0.000 17340 18338 000
0.006 -1.714 0.000 27.200 19.297 0.00 0.087 -11.585 0.000 17232 10.256 0.00
0.098 10804 0000 27175 19215 0.00 0.009 15113 0.000 e 19175 000
0.100 -27.060 0.000 27.060 10135 0.00 ol -25.108 0.000 17004 18095 0.00
o P4 Do) dw(d)  BoGdms)  Tc(h) tod iGA) Bekd)  ew(®d)  Le@Ams ()
.00 0.000 41847 $3.035 10675 100.00 0100 -10.834 123523 63754 28155 5463
0.200 31 12216 51735 18.685 3013 0.300 19.003 6.678 44.554 8104 1474
0400 4T 3673 41047 17.769 936 0.500 40.728 2037 40728 27360 526
0.600 3107 1137 30.283 16073 108 0.700 12268 0.640 38270 26.608 170
0800 11113 0344 37.506 16263 098 0.900 10455 0210 36.800 25937 057
1.0:00 -36.121 0123 36.366 15628 034 1100 18014 0.073 35003 25335 020
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ETAP

Project: Balikei 690V Page: 3
Location:  Istanbul 1260 Date: 07-08-2013
Contract: SH:
Engieer: Study Case: 5C Remcton: - Bz
Filename:  AG 690 Config:  Shaft
3-Phase fault at bus Bu:_EMG
1=total fault curvent,
Nominal KV = 0690 Voltsge cFactr = 110 (Madmm 1) Ide = de component,
1env = top envelope of emrent-wave,
Tac{mms) = 1ms value of ae component,
Tde(%) = percentage value of de component
1) A Be®d)  dew(d)  Legdms gy 10 i) Te@d)  lew(d)  le@Amg L@l
0.0 0.000 1563 5117 1813 100.00 0.001 0034 1308 4841 1798 823l
0.002 0405 12143 4783 1783 B804 0.003 1033 1098 4600 1768 2387
0.004 1.807 1883 4443 1753 7010 0.005 1597 1836 4208 17141 7450
.06 3174 178 4160 1727 1034 0.607 3730 L1607 4029 1713 6§33
0.008 3887 1503 3806 1699 8235 0.009 3713 1406 3700 1486 5808
0.010 38 1313 3680 1672 55.42 0011 1488 1.230 im 1430 5144
0.012 1387 1151 347 1646 4043 0.013 0624 L077 3386 1433 4683
0.014 0220 1007 ER) 1.620 4387 0.013 -0.897 0841 3215 1407 4146
0.016 -1.303 0.881 3136 1584 3000 0.817 -13935 0824 3.062 1582 3685
0.018 1174 0.7 1801 1380 3475 0.019 -0.682 071 184 1537 3176
0.020 0.000 0.673 21860 1545 3ose 0.021 0.767 0.631 1798 1533 111
0.022 1.506 0.591 174 1521 1746 0.013 2108 0531 1687 1508 1589
0024 1484 0.517 14634 1487 1441 0.025 1385 0483 1585 1486 130
0.006 1381 0432 1537 1474 2168 0.017 1831 0413 1401 1463 043
0.008 117 0324 1440 1452 1928 0.029 0498 0370 1407 1440 1817
0.030 0278 0346 1368 1429 1713 0.031 0855 034 1330 1418 1613
0.032 P 0303 1204 1408 151 0.033 -1678 0283 1258 1387 1433
0.034 -1.634 0265 1236 1386 1333 0.033 -1.326 0148 1184 1376 127
0.036 0803 0132 1163 1383 1102 0.037 <0142 0117 1133 1335 1133
0.038 0359 0203 2105 1343 10.68 0.039 120 0190 077 1335 10.06
0.040 1.683 0178 2051 1323 040 0.041 1847 0.166 2005 1315 §as
0.042 1.984 0.15% 2001 1305 543 0.043 1.750 0.145 1877 1203 794
0044 1.285 0136 1934 1183 148 0.043 0.683 017 1832 1276 105
0046 0.007 0119 1910 1246 .65 0.047 06435 0111 1889 1257 627
0.048 1182 0104 1860 1248 380 0.049 -1.331 0.097 1848 1238 558
0.050 1847 0.091 1830 1129 i 0.051 -1319 0.085 1811 1210 404
0.052 -1.169 0.080 1793 1211 466 0.083 0649 0073 1773 1203 430
0054 0036 0.070 1738 11934 414 0.035 0.583 0.063 1741 1185 EX]
0.056 1122 0.061 12 1177 167 0.087 1505 0057 1.708 1168 344
0.058 1.680 0.053 1493 1140 116 0.059 1.627 0.030 1678 1131 im
0.060 1355 0.047 1463 1143 180 0.061 0804 0044 1840 1133 m
0042 0.340 0041 1634 1127 157 0.063 -02358 0038 1.620 1119 141
0054 0806 0.036 1407 1111 11 0.065 -1128 0034 1583 1103 115
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Project  Bakikei 630V ETAP P M

. 1260H
Locanion:  Istanbul Date: 07-08-2015
Contract: SN
Engineer Study Case: 5C Reision: - Base
Filepame:  AG_ 690 Confiz:  Shaft
(Comr)

3-Phase faultatbus  : Bus_EMG
1=total fault current,
Nomimal KV = 0690 Voltage e Factor = 110 (Madmm ) Ide = de component,
1env = top envelope of curent-wave,
Tac{rms) = rms value of ac component,
Ide{%a) = parcentage value of de component

t(s) 1(k4) Tde (k4) ienw {kA) Iac (kA, ms) Tde (%) t(s) i(kA) Tdr (kA) ienw (kA) Tac (kA, ms) Tde (%)
0.046 -1.469 0.031 1580 1085 10 0.067 1496 0.0 1567 1087 191
0.068 1311 0.027 1354 1.080 180 0.069 <0841 0.016 1341 1012 142
0070 0441 0024 1330 1.063 158 0om 0.116 0012 1518 1057 150
0072 0.633 0.021 1306 1.050 141 007 1094 0.010 144 1043 133
0074 1380 0018 1483 1.033 1.16 0075 1471 0017 147 1028 118
0078 1359 0.016 1.460 1021 m 0077 1061 0.013 1440 1014 105
0078 061 0014 1438 1007 0.0 oome 0102 0013 1428 1.000 0483
0.080 0411 0012 1417 oad 088 0.081 -0.878 0012 1407 0.987 083
0.082 -1.104 0011 187 0980 078 0083 -1.336 001 1387 0473 0.73
0.084 -1.313 0.009 1377 09467 0.68 0.083 -1.090 0.009 1367 0.960 065
0.086 0713 0.008 1357 0854 0.61 0087 <0143 0.008 1348 0042 058
0.088 0237 0.007 1338 0841 034 0.089 0713 0.007 1320 0.035 a5l
0.090 1.089 0.006 1320 0o 048 0.001 1170 0.006 1311 04913 045
0.092 1.182 0.006 1302 017 043 0.083 1134 0.003 1293 011 140
0094 0811 0.005 1285 0905 0.3 0.083 0397 0.005 1.176 0.200 036
0.096 0073 0.004 1267 083 034 0.087 <0330 0.004 1158 0.887 032
0.098 -0.803 0.004 1231 0881 0.30 0.082 -1.148 0.003 141 0.876 028
0.100 -1.128 0.003 1234 0a70 0.6 0.101 1134 0.003 1226 0.863 025
t(cycle) 1(kA) Tde (k&) iemv (kA) Tac (k4, ms) Tde %) tcycle) i(kA) Tde (kA) ienw (kA) Tac (kA, ms) Tde (%)
0.000 0.000 1563 5117 1813 100.00 0.100 0.248 1184 453 1788 .60
0.200 1.281 1052 4547 1.764 8115 0.300 1587 1836 4188 1741 7450
0.400 1608 1843 40m 1718 764 0.500 3867 1470 3867 1.683 134
0.600 3119 1315 3.680 1672 5362 0.700 1898 1177 3511 1830 3043
0.800 0341 1053 3356 1.628 4572 0.800 <0897 0842 315 1607 4146
1000 -1.400 0843 3086 1586 758 L1060 -1.037 0734 1068 1.363 3407
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ETAP

Project: Balikei 630V Page: 23
Location:  Istambul 12606 Date: 07-08-2013
Contraet: SN:
Engineer Study Case: 5C Reision: - Base
Filepame:  AG_690 Confiz:  Shaft
3-Phase fault at bus Bus_SG
1=total fault curvent,
Nominal V = 060 Voltage cFactr = 110 (Maxomum I Tde = de component,
1emv = top envelope of corent-wave,
Tac{ms) = rms value of ac componsnt,
Idei%) = percentaze value of de component
1 ik4) He(k4)  ienw(EA)  Dac (kA mg) e (%) t) i) Hckd)  denv(ed) o (kA ms) T (%)
00040 0.000 74581 1400182 31744 100.00 0.001 4010 7115 145383 51704 LES
0.002 17324 G078 141761 30892 2697 0.003 37412 §7.600 138350 50034 8554
0004 1161 §3.532 135137 48218 2413 0.005 34744 53574 132.082 45442 0280
0.006 104.720 61717 119181 47.704 148 0.007 118.200 58031 116.421 47.001 e
0008 12327 382N 123.783 46.331 BE83 0.0 119.257 56,667 121.287 45683 8769
0010 106.718 35133 118885 430835 BEA4T 0011 873084 53.660 116.610 44506 8527
0012 §3.012 31285 114423 43851 B408 0013 3vall 50019 112330 4344 8291
0014 17102 40626 110324 41020 BL76 0.015 0171 48384 108.401 41430 30.62
0.016 10313 47.188 106,555 414873 T84 007 -12.241 46038 104.781 41538 7837
0018 -6.016 400 103.077 41117 nm 0012 T158 43.860 101437 40713 T6.18
0.020 25205 41828 90,850 40327 Al 0021 45380 41831 03330 30056 7403
0021 §4.715 40.870 96.874 30601 7208 0.023 30413 38030 95462 30260 783
0024 90.232 nse 94,008 38033 080 0.015 01781 3B167 91782 38510 G088
0026 87705 3133 L5100 38316 6888 0.027 T5.706 36505 90281 38025 6788
0028 SRR 33 §9.081 T4 46.90 00 3m 34044 §7.042 37476 6593
0030 17034 H197 B6.828 3TN5 G498 0.031 0151 33473 35740 36,965 6403
0.032 -11740 Exi] B4.703 36.722 6310 0.033 -18.108 31087 33.600 36438 62138
0034 -18.149 413 82703 36.262 6117 0.035 -10441 81.750 36.044 6038
0036 1007 148 80823 35831 5050 0.037 0097 283538 70022 ExL N 5863
0038 38332 1504 70.046 354 577 0039 55085 18365 78104 35035 5591
0044 §7.809 17801 17365 5047 56.08 0.041 75010 27252 T6.558 34865 3527
0042 75387 26.717 73073 34688 5446 0,043 63070 26195 75.008 34506 53.66
0044 56.650 15.686 74261 34340 5188 0.045 40130 25190 73333 34185 5210
0046 21685 4706 71826 34026 5134 0.047 3850 14134 71134 nm 5059
0048 -10.089 pENIE] 71438 3ne 4883 0048 10820 23313 0.8 335 4811
0.050 -14.388 .83 70,155 33426 4541 0.051 -11311 11454 G0.525 33285 47
0051 12137 11034 §8.900 33146 4701 0.033 1747 20624 68308 33010 4531
0054 18304 114 324m 45485 0,055 35143 20832 §7.142 Ry 4402
0056 48853 0440 §6.578 31619 4433 0.057 60342 20074 G6.026 31403 4359
0058 §5.124 19.708 §5.485 32389 4303 003 63.522 18340 4035 4 4143
0080 55758 15.008 §4.433 129 4181 0.061 41813 18.655 63.026 jaom 411
0062 26771 18319 §3.427 31894 40.41 0.063 0568 17080 §2.037 3 4003
0054 -6.331 17.668 §2.456 31670 3045 0.065 -18.756 17352 §1.084 31560 3888
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ETAP

Project: Balikei 630V Page: 26
Location:  Istanbul 12608 Date: 07-08-2013
Confract: SH:
Engineer Study Case: SC Revicion:  Bse
Filepame: AG 690 Confiz:  Shaft
(Cont)
3-Phase fault at bus Bus_SG
1=total fault current,
Nominal KV = 0690 Voltsze cFactr = 110 (Maximm 1) Ide=de component.
1env = top envelope of cmrent-wave,
Tae{rms) = rms value of ac component,
1de{%s) = percentage value of de component
1) A Ie@d)  Ew(Ed)  BeAms) M0y 1) ix) Hekd)  lw(®A)  legAms (e
0.046 -26.037 17043 §1.521 31451 3.3 0.067 -17.236 16.741 §1.067 31343 nn
0.048 -11.168 16444 §0.520 a7 nn 0.069 11811 16.153 60.181 31133 36469
0.070 1308 15.868 50750 e 36.16 0.07 18336 15580 3037 30027 3584
007 B 15316 58910 30.826 3503 0.073 46.724 15.047 38501 30.726 3443
0.074 55.087 14784 58.008 30627 ECNE] 0.075 57.702 14316 37702 30530 33485
0.07% 54.100 14174 57312 30433 3316 0.077 45301 14.005 36020 30337 31469
007 31003 13.782 56.551 30243 inn 0.07@ 16221 13,543 36.180 30140 3176
0.080 0174 13300 55815 30056 33 0.081 -13831 13.080 3345 10064 30.87
0.082 -14164 11854 55.100 10872 3043 0.083 10153 11.633 34731 20781 1390
0.084 -28.156 12416 54.407 10402 037 0.085 -11.667 12.203 34048 20,503 w1
0.086 -10372 11594 53734 10515 N} 0.087 3890 11.788 33404 20417 prEL
0.088 19.362 11.587 53.080 10340 nm 0.089 33557 11389 32.760 10254 1753
0.080 44568 11195 51444 10158 74 0.001 50.841 11.004 51133 20083 1575
0.002 51.503 10.817 51.826 Jge9g 2638 0.083 46446 10.633 3154 218014 24.00
0094 36442 10451 51235 18831 2564 0.005 123838 10275 30031 23748 527
0.006 7355 10.101 50840 18 666 40 0.087 -1182 o.030 30354 18584 1436
0.098 19,612 0762 50,071 18503 un 0.008 0.307 40791 2841 1388
0.100 30647 0433 40516 18342 133 0101 17.087 0175 4014 28242 131
o P4 Ie@d)  Ew(Ed)  BeAms) M0y topld) i(4) Hekd)  lw(®A)  legAms (e
0.000 0.000 74301 140182 31744 100.00 0.100 11884 10.348 141039 51.188 0746
0.200 45153 66.897 137.263 40758 8307 0.300 2474 §3.574 132082 45441 L]
0400 1145648 50.531 127326 47131 90682 0.500 112045 51.728 1118435 46.115 8852
0.600 106.718 35133 118805 45083 8647 0.700 71014 52717 115141 4134 1443
0.800 31379 50482 111.652 43154 815 0.900 -0 45384 108401 41430 3062
1.000 -11331 46417 105365 41.683 1874 1104 -1318 44360 102523 40980 7690
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ETAP

Project: Balikei 690V Page: 7
Location:  [stanbul 12508 Date: 07-08-2013
Contract: SN:
Engineer Study Caee: SC Revision: - Buse
Filename:  AG_690 Confiz.:  Shaft
3-Fhaze fault at bus Bus T21
1=total fault cuvent,
Nominal EV = 0690 Voltage c Factor = 110 (Maximm ) Jde = de component,
1env = top envelope of corent-wave,
Tac(mms) = 1ms value of ac componsnt,
Ide(%) = percentaze value of de component
tE k4 He(kd)  ienw(RA)  Dac (kA ms) T %) t i(k4) Hc(k4)  env(ed)  Iac (kA ms) I %)
0.000 0.000 60385 120.770 41.699 100.00 0.001 -33935 48.030 108434 41075 8391
0.002 1412 41339 100.000 41479 047 0.003 0632 34.265 92118 40908 5923
0004 24344 1428 B3.500 40362 4030 0.005 41016 23.606 TR847 3pge 4190
0.006 55.078 19616 7340 3033 351 0.007 4448 16312 71186 38858 0488
0.008 1447 13572 7876 33380 2400 0.002 63292 11288 64870 37958 1105
0010 51355 0411 §2.403 37335 17.73 011 35078 7842 60351 Ermb 1494
0012 16.274 6.538 5%.406 36.740 1158 0.013 -4184 345 36.882 36.366 10.40
004 <1173 4550 55471 36.007 204 0.015 3700 3798 #4251 33662 153
0.016 4514 31M 53.136 35330 633 0017 46473 1640 31182 35012 533
0018 20788 13 51.293 M5 431 0019 18149 1850 30,512 34410 3B
0020 -13.367 1.344 40,807 M1 N 0021 4190 1.293 40144 33831 2170
0021 21308 1.082 48582 13587 118 0.023 35249 0.805 43045 3333 182
0024 44264 0.758 47.550 3.087 162 0.025 47082 0.634 47.082 31850 137
0026 43415 0531 46,565 31622 115 0827 33847 0445 46246 31400 097
0028 18.754 0373 45801 3187 082 0.019 3152 0312 45530 31980 .69
0030 -13.624 0262 45205 31.780 038 0.031 18154 0220 44880 31586 049
0032 -38.728 0184 44580 31309 041 0.033 43645 0.154 430 na7 033
0034 413 0130 44017 31040 0.30 0.035 35110 0100 43763 30868 025
0036 23075 0091 43512 30.703 011 0.037 -8017 0077 43248 30542 018
0038 81148 0044 43035 30383 013 0.039 11844 0,054 41809 30233 013
0040 34465 043 41591 30.084 011 0.041 41048 0.038 41379 28940 009
0042 41342 0.032 4174 10700 008 0.043 36.787 0017 41875 20,562 0.08
0044 26.641 0023 41.782 10528 0.05 0.045 12.8466 0o 41584 28308 005
0046 <1383 0.0l 4141 0 004 0.047 -17.337 0013 41131 10146 0.03
0.048 10011 0.011 41.058 w05 0.03 00490 37000 0.0 40.888 28006 0.02
0050 -20.704 0.008 40,723 18789 002 0.051 37.689 0.007 40.380 28476 0.02
0052 -10.442 0.006 40402 18564 0.01 0.033 17129 0.005 40246 28455 001
0054 -1313 0004 40,084 18348 001 0.035 12346 0.003 el 8243 001
0056 25370 0003 30700 18.140 0.01 0.057 34.750 0.002 30655 280 001
0058 30.203 0.002 30514 17839 001 0.039 38130 0.002 30374 27842 0.00
0060 31744 0001 30240 17.746 0.00 0.061 20055 0.001 30106 27651 000
0.0482 1304 0.001 38075 17558 0.00 0.063 -1178 0.001 38845 27467 0.00
0.084 -20.745 0.001 ’Bm mmn 0.00 0.065 31220 0.001 3502 27288 0.00
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ETAP

Project: Balikei 630V Page: 28
Location:  Istanbul 1260 Date: 07-08-2015
Contract: SN:
Engineer Study Case: 5C Revicion: Bse
Filepame:  AG 690 Confiz:  Shaft
(Cont)
3-Phase fault at bus Bus_T21
1=total fault current,
Nominal EV = 0630 Vltage c Factor = 110 (Maxomm I Ide = de component,
1env = tap envelope of curent-wave,
Tac{mms) = rms value of ac component,
1de{%4) = parcentaze value of de componant
1 k4 He(k4)  ieww(®d) D (kA ms) T %) ts) ik4) Be(EA)  denv(kd)  Iac (kA ms) I %)
0.056 -37.158 0.001 35468 17101 0.00 0.067 -38.043 0.000 38346 27115 0.00
0068 -33.487 0.000 38216 17030 0.00 0.069 14290 0.000 38107 26946 000
0070 -11.738 0.000 37900 16.883 0.00 0071 1378 0.000 ERRL] 26.781 0.00
0072 16.078 0.000 37.760 26.700 0.00 0.073 17444 0.000 31647 26.521 000
0074 34000 0.000 37536 16.542 0.00 0.075 37426 0.000 37428 26464 000
0076 34608 0.000 37316 16.387 0.00 0.877 1714 0.000 37209 26310 000
0078 15797 0.000 37.102 16.233 0.00 0078 1313 0.000 36094 26.160 0.00
0080 -11.400 0.000 36.802 16.086 0.00 0.081 13450 0.000 36.788 26,013 000
0.082 -31148 0.000 36,586 15841 0.00 0.083 36193 0.000 16.584 25860 0.00
0054 -35337 0.000 36.483 15.798 0.00 0.085 10433 0.000 36384 377 000
0.086 -10.442 0.000 36,285 25.657 0.00 0.087 -6.781 0.000 36.187 25588 0.00
0088 6.762 0.000 36089 15519 0.00 0.089 18286 0.000 35003 25451 000
0080 0041 0.000 35807 15383 0.00 0.081 34677 0.000 35802 25316 0.00
0082 35426 0.000 33708 15240 0.00 0.003 31209 0.000 35614 25183 000
0084 21642 0.000 3550 13017 0.00 0.083 10843 0.000 3540 25032 0.00
0086 <1119 0.000 35338 14088 0.00 0.087 -15.007 0.000 35 4913 000
0008 -25.628 0.000 35156 4850 0.00 0.089 -311.604 0.000 35087 24706 0.00
0100 -34878 0.000 344978 M7 0.00 0.101 31439 0.000 34880 4570 000
t(cycle) 1(kA) Tdc (kA) iemv (kA) Tac (kA, ms) Tde () t{cycle) 1(k4) Tdc (kA) ienw (kA) Tac (kA, ms) Tde (%)
0000 0.000 60.385 120,770 41699 100.00 0.100 -3.662 4019 102856 41475 Ta48
0.200 14307 31194 £9.736 40.724 55.00 0.300 41016 23.606 70847 0.8 4180
0400 §1.084 17345 72512 30016 34 0.500 66.8460 12.767 66.860 3B 1360
0.600 513355 041l 41403 37533 1773 0.700 13.058 §.047 30086 36.868 1332
0.300 -10.704 3134 56.301 36245 1002 0.900 3700 3798 34131 35.562 153
1.000 26,830 182 51473 ERRIT 366 1100 -37.508 1084 104 34,605 424
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Project: Balikei 630V Page: i
Location:  Istanbul 12606 Date: 07-08-2013
Conirzet: SN:
Engneer Study Case: 5C Revision: Be
Filenams:  AG_690 Confiz:  Shaft
3-Fhase fault at bus Bus T2.2
1=total fault cumrent,
Nominal EV = 0440 Voltage cFactr = 110 (Madomm I Ide = de component,
1env = top envelope of current-wave,
Tac(mms) = rms value of ac component,
Tde{%) = parcentaze valus of de component
ts) k4 He(k4)  denv(EA)  Dac (BAmg) T (%) tE ik4) He(®A)  denv(kd)  Iac (kA ms) T (%)
0.000 0.000 6328 12857 4473 100.00 0.001 0772 5084 11383 4434 0.7
0.002 -0 466 4104 10374 443 6546 0.003 0.671 331 0580 4403 5331
0004 bR 1 5915 4394 4363 0.005 4130 218 8406 4373 3585
0.006 3751 133 7834 4357 gy 0.007 6.382 1.503 7841 4330 1453
.08 131 1248 1330 431 2041 0.003 6.033 L0401 T126 4304 1708
0.010 0870 5933 42188 1434 0011 ERe T 0.731 6771 4171 1209
0.012 1744 0.616 §.635 4255 0.4 0013 -0.601 0312 6519 4240 87
0014 1757 0424 41 41235 743 0.015 4438 037e 6334 4210 637
0.018 5411 0325 5250 419 34l 0017 -5.508 0.280 6194 4181 47
0018 4014 0241 6136 4188 400 0.018 -31.537 0.200 G6.085 4153 358
0.020 -1.428 0181 §.030 4141 310 0011 0.52% 0158 503 4128 m
0022 1617 0138 5.960 4117 13 0.023 4351 0121 5826 4103 208
0.024 3487 0.106 5.804 40403 1.83 0.025 5.865 0.003 5.865 4081 141
0026 3433 0.082 5837 4070 141 0.027 4156 0.072 5812 4050 124
0.008 1501 0044 5788 4048 1 0029 04135 0.056 5.786 4037 002
0030 L7 0.050 5743 4027 0.8 0.031 -1377 0.044 5725 4017 078
0.032 4016 0.039 5703 4007 0.6 0.033 -5.573 0.035 5.687 3087 0.62
0034 5431 0.031 5.670 3087 0.35 0.035 434 0.028 5653 3978 049
0.036 1983 0024 5.637 BN 044 0.037 -1027 0.022 5622 3960 039
0.038 1.06§ 0019 5.807 3851 033 0,039 3003 0017 5.591 3042 031
0.040 4314 0015 5578 3034 0.8 0.041 5381 0.014 5565 3915 025
0.042 3.508 0.012 5331 i 0.1 0.043 4855 001 5530 3000 020
0044 35 0.010 5517 3801 0.18 0.045 1710 0.008 5515 3893 014
0.046 0337 0.008 5503 3886 0.14 0,047 -132% 0.007 j401 im 013
.48 3084 0.006 5481 £ 011 0.048 -3073 0.006 3470 3864 010
0.050 5440 0.003 5430 3837 0.0 0.051 -5.058 0.004 j440 3850 0.08
0.052 3838 0.004 5430 3843 0.07 0.033 -1306 0.004 5420 3836 L
0.054 0337 0.003 5ale 3830 0.06 0,053 1674 0.003 5400 383 0.05
0.056 43 0.003 5.400 3817 0.03 0.057 474 0.002 5391 380 004
0.058 3339 0.002 5381 384 004 0030 504 0.002 531 A 0.03
0.040 4340 0.002 5364 3T 0.03 0.061 1870 0.001 5353 3786 0.03
0.062 1.003 0.001 5347 3780 00 0.063 0000 0.001 5330 34 0.02
0.054 1855 0.001 5331 3780 00 0.063 4304 0.001 5312 3763 0.02
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Project: Balikei 630V Page: 30
Location:  Istanbul 12608 Date: 07-08-2013
Confract: SH:
Engineer Study Case: SC Revicion:  Base
Filepame:  AG 690 Config:  Shaft
(Cont)
3-Phase fault at bus Bus_T2.1
1=total fault cuavent,
Nomind KV = 0440 Voltsge cFactor = 110 (Madmm 1) Tde = de component,
1env = top envelope of curent-wave,
Tac(mms) = rms value of ze compenent,
Tde(%s) = percentaze value of de component
109 @A) Bekd) ey DefAms) (R 1) i) Bekd)  iewEd)  Degdms e
0.066 -5146 0001 5315 3757 0.02 0.067 -5.263 0.001 5307 3138 0.01
0068 4541 0001 5200 347 0.01 0.069 -3372 0.001 5201 3141 001
0070 -1.632 0.001 5284 3736 0.0l 0.07 0332 0.000 5m im 001
00m 144 0.000 5260 3726 0.01 0.073 3836 0.000 5262 37 001
0074 4508 0.000 5235 3718 0.0l 0.075 548 0.000 5248 EN ] 001
0076 4873 0.000 5241 3106 0.0l 0.077 3816 0.000 5134 3 0.00
0078 116 0.000 5218 3686 0.00 0.07@ 0328 0.000 5121 3892 0.00
0.080 -1411 0.000 5214 3.687 0.00 0.081 -3319 0.000 5108 34681 0.00
0082 43558 0.000 5201 3678 0.00 0.083 -3154 0.000 5193 3467 0.00
0.084 -5.006 0.000 5180 3680 0.00 0.085 -4193 0.000 5183 3.665 0.00
0086 -1774 0.000 5176 3660 0.00 0.087 0089 0.000 3170 3856 0.00
0.088 0.068 0.000 5164 3852 0.00 0.089 1744 0.000 5158 M7 0.00
0080 4.168 0.000 5131 3643 0.00 0.001 4085 0.000 5147 3430 0.00
0092 310 0.000 5141 36335 0.00 0.083 4300 0.000 5133 38 0.00
0084 ER 0.000 5110 3627 0.00 0.005 1583 0.000 5124 380 0.00
0096 0311 0.000 5118 3619 0.00 0.087 =117 0.000 113 3415 0.00
0098 -3713 0.000 5107 1611 0.00 0.008 4744 0.000 5102 3508 0.00
0.100 -5.007 0.000 5097 3804 0.00 0101 -4.734 0.000 5091 3600 0.00
1 (cvele) i(k4) Tdc (kA) ienw (kA4) Tac (KA, rms) Tde (%) ticvele) i(kA) Tdc (kA) iemv (kA) Tac (kA, ms) Tde (%)
0000 0.000 6328 12657 4473 100.00 0.100 D673 4405 10.685 4440 7016
0.200 1181 3.007 LEEN 4407 4083 0.300 4130 1 8406 4375 3583
0400 6.574 1604 1748 4345 26.10 0.500 7177 L174 717 4313 1223
0.600 0.a7m 5033 4288 143 0.700 1514 0,432 6.678 4261 1082
0.300 -1.336 0483 G484 4135 826 0.900 4433 0.379 6334 4210 637
1.000 -5617 0234 6215 4187 4.06 1104 4334 0.230 6119 4164 EX
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Project: Balikei 630V Page: 3
Location:  Istambul 12608 Date: 07-08-2015
Contract: SN:
Engineer Study Case: SC Revsion: - Base
Filename:  AG_690 Confiz.:  Shaft
3-Fhaze fault at bus Bus_T6.1
1=total fault crvent,
Nominal EV = 06%0 Voltage e Factor = 110 (Maimnam 1) Tde = de component,
1emv = top envelope of curent-wave,
Tac{mms) = rms value of ac component,
Idei%) = percentaze value of de component
tE ik4) Me(k4)  ienv(EA)  Dac (kA ms) Tde (%) tE ik4) Hc(kA)  denv(kd)  Iac (kA ms) T %)
0.000 0.000 34370 §8.758 4310 100.00 0.001 -10.133 211341 55.607 24038 6323
0.002 -11.027 13585 47347 15A74 0.4 0.003 -5.633 2418 42088 23.667 1573
0004 3414 5498 38.685 13467 16.57 0.005 13.600 3 16441 n32m 107
0.006 23089 1m 34027 15086 §.08 0.007 10847 1431 EERIL) 11004 438
0.008 31862 0872 33115 nmne 3m 0.002 31544 0.643 31548 11550 b
0010 26.052 0430 32101 11384 136 00 17140 0161 31736 1235 093
0012 6.051 0.200 31407 11080 0.64 0013 -5672 0140 31154 21031 043
004 -16.410 g 30.900 11.786 0.32 0.015 14693 0071 30.682 21845 023
0.016 -10.410 0.052 30470 11.509 017 0o -10054 0.03e 302 21376 013
0018 -26.303 0029 30070 M8 010 0.1 -18.019 0.013 10.395 21113 008
0020 0161 0012 20720 11002 0.06 0021 1868 0014 10350 20.885 0.05
0021 12518 0011 18.385 0. 0.04 0.023 11307 0.000 10226 20,560 003
0024 217031 0.007 807 20.552 0.02 0.025 18021 0.006 18021 0447 0.02
0026 26757 0003 28777 0345 0.02 0627 20876 0.004 18636 20246 001
0028 12136 0.003 15400 0149 0.0l 0029 1784 0.003 18363 20,035 001
0030 4m 0002 28235 10064 0.01 0.031 17814 0.002 18109 19874 001
0032 =431 0.002 27085 19788 0.0l 0.033 17443 0.001 178483 19.703 0.00
0034 16874 0001 27748 19.620 0.00 0.035 11355 0.001 17634 19,538 000
0036 -14.748 0001 2751 19441 0.00 0.037 -5.136 0.001 17414 19384 000
0038 5017 0.000 27.308 19309 0.00 0.039 14577 0.000 17104 19236 0.00
0040 21925 0000 27.103 19164 0.00 0.041 16.15% 0.000 17003 19.094 000
0042 26.605 0.000 26.007 19.024 0.00 0.043 13494 0.000 16812 13950 0.00
0044 17.032 0000 26,719 18.803 0.00 0.045 8129 0.000 16.629 18820 000
0046 -1.666 0.000 26,540 18.786 0.00 0.047 -11.243 0.000 16453 18.705 0.00
0048 18121 0000 26.368 18.645 0.00 0040 14438 0.000 16284 18586 000
0050 -26.202 0.000 26.201 13.528 0.00 0.051 -14.287 0.000 16122 13471 0.00
0052 18985 0000 26.043 18415 0.00 0.033 -11.056 0.000 15046 18361 000
0054 -1.626 0.000 25800 18.307 0.00 0.053 m 0.000 15813 13254 0.00
0056 16408 0000 25742 18202 0.00 0.037 11483 0.000 15.670 18151 000
0058 25307 0.000 15508 13.101 0.00 0.059 4728 0.000 15530 18.052 0.00
0060 20508 0000 25461 18.004 0.00 0.061 13.607 0.000 13304 17956 000
0.0482 4744 0.000 25307 17809 0.00 0.063 -4734 0.000 15262 17.863 0.00
0.084 -13.302 0.000 25198 17.818 0.00 0.065 10334 0.000 15134 1 0.00
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ETAP

Project: Balikei 630V Page: 32
Location:  [stambul 12608 Date: 07-08-2013
Contract: SN:
Engineer Study Case: 5C Revision: Base
Filename:  AG_690 Confiz:  Shaft
{Comt)
3-Fhase fault at bus Bus_T6.1
1=total fault cumrent,
Nomimal EV = 0630 Voltage cFactr = 110 (Madomm I Ide = de component,
1env = tap envelope of cwrent-wave,
Tac{rms) = rms value of ac component,
Ide({%) = parcentage value of de component
1 k4 He(k4)  denw(EA)  Dac (kA mg) T %) tE ik4) We(A)  denv(ed)  Iac (kA ms) T %)
0.046 -14.184 0.000 2507 17.729 0.00 0.067 4813 0.000 15010 17485 000
0.068 -11.884 0.000 24030 17.642 0.00 0.069 -13.845 0.000 4890 17.500 0.00
007 1673 0.000 24831 17558 0.00 0071 1553 0.000 1m 17517 000
0072 10.513 0.000 14715 17476 0.00 0073 17873 0.000 24658 17436 0.00
0074 20874 0.000 24502 17396 0.00 0.075 14347 0.000 14547 17357 000
0078 nm 0.000 2448 17318 0.00 0477 17814 0.000 14438 17280 000
0.078 10.382 0.000 14384 17142 0.00 007 1528 0.000 4331 17.205 0.00
0.080 -1.503 0.000 4270 17168 0.00 0.081 15443 0.000 4127 17.131 000
0.082 -21.186 0.000 24176 17093 0.00 0.083 23033 0.000 4123 17.050 0.00
0084 -13.319 0.000 24075 17024 0.00 0.085 18437 0.000 14023 16988 000
0.086 -12.847 0.000 23976 16.854 0.00 0.087 -4484 0.000 13008 16919 0.00
.08 4475 0.000 13870 16.885 0.00 0.089 12770 0.000 13831 16851 000
0.080 10.242 0.000 213784 16.818 0.00 0.0e1 11891 0.000 PENETS 16.785 0.00
0.092 23504 0.000 23.581 16.752 0.00 0.003 20.720 0.000 13644 16719 000
0.004 15.042 0.000 13508 16.687 0.00 0.005 72m 0.000 13553 16.655 0.00
0.096 1476 0.000 23508 16.623 0.00 0.0e7 R 0.000 13463 16581 000
0.008 -17.072 0.000 13418 16.560 0.00 0.00 11734 0.000 13375 16520 0.00
0.100 -13.331 0.000 2333 16498 0.00 0101 -11.653 0.000 13288 16467 000
t{cyele) 1(kA) Tdc (kA) ienv (kA) Tac (KA, ms) Tde (%) tcycle) i(kA) Tde (kA) iemw (kA) Tac (KA, ms) Tde (%)
0.000 0.000 Himw 8738 4310 100.00 010 -11.345 15830 40603 13045 4473
0.200 -1Eee T414 40.788 13500 nn 0.300 13.600 3308 16441 n3m 10.72
0.400 27.083 1.709 34185 11844 316 0.500 31008 0.346 32008 1n8m 1484
0.600 26.052 0430 31101 11384 136 0.700 08ag 0.226 31525 22131 072
0.800 0430 0124 31070 11882 040 0.000 -14.603 0.071 30.682 11845 023
1.000 -30.150 0043 30335 1140 0.14 1100 1423 0.017 30017 21206 009
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Project: Balikei 630V Page: 33
Location:  Istanbul 1260 Date: 07-08-2015
Confract: SH:
Engmeer Study Case: 5C Revson: - Bz
Filename:  AG 690 Confiz.:  Shaft
3-Phase fault at bus Bu:_T6.2
1=total fault current,
Nominal KV = 0230 Voltage cFactor = 110 (Madmm 1) Ide=de component.
1env = top envelope of cmrent-wave,
Tac{rms) = rms value of ac component,
Ide{%) = percentage value of de component
1) i) Hekd) dw(d)  DegAms gl 10 iA) Teld)  ew(d)  lefAms kgD
0.000 0.000 11.163 21316 Th84 100.00 0.001 -1.633 2.698 16.509 1857 TB28
0.002 -1.267 6.796 17.856 7821 144 0.003 0.635 333 16333 7786 4534
0.004 1481 4180 15.143 7.752 EiAE] 0.005 6.683 3en 14207 1718 30.13
.06 0354 1585 13.466 1687 1387 0.607 11539 2051 12878 1656 1894
0.008 11324 1623 12408 78235 1507 0.009 11.684 1190 12.032 7506 120
0.010 0883 1026 1.7 7567 058 0011 6.330 0318 11479 7530 147
0.012 1644 0653 11275 7511 615 0.013 -1.441 0323 11107 7484 494
0.014 -3.131 0410 10.967 7438 307 0.013 -3.147 0337 10.848 7433 320
0.016 -0ETE 0an 10.747 TA08 150 0.817 -10.141 021e 10680 1383 109
0.018 -3044 0177 10.58% 73480 L7 0.019 6471 0143 10.519 1337 138
0.020 -3.080 0.116 10.460 T34 112 0.021 0.742 0.004 10407 1262 091
0.002 4453 0077 10,358 7m0 073 0.013 7536 0.083 10315 7248 061
0024 9.558 0051 10.274 7129 0.50 0.025 10234 0.041 10136 7208 041
0.006 0487 034 10.200 7180 034 0.017 740 008 10,148 7170 028
0.008 4318 0023 10.136 1151 0.13 0.029 0.652 0.1 10.106 1133 019
0.030 -3.004 0016 10077 7113 016 0.031 -6.383 0013 10.050 7087 013
0.032 -8.763 0.011 10.023 T80 011 0.033 <0001 0.00e ooa7 1.063 009
0.034 0643 0.007 2473 7046 0.07 0.033 -2.037 0.006 o04g 7030 0.08
0.036 -5310 0.003 9913 o4 0.03 0.037 -1.851 0.004 0002 d.a08 0.04
0.038 1834 0.003 9.880 6084 0.4 0.039 5184 0.003 0358 G960 003
0.040 7050 0.002 9837 6854 0.0 0.041 0308 0.002 0817 §.040 0.02
0.042 0718 0002 2708 6926 0.02 0.043 8567 0.001 L 5912 001
0024 4.220 0.001 9757 6899 001 0.043 BRI 0.001 0738 §.885 001
0046 0600 0001 9710 6872 0.01 0.047 -4130 0.001 8701 830 001
0.048 -1.058 0001 9883 6.847 0.01 0.049 -3.084 0.000 0656 4834 000
0.050 0548 0.000 2540 6.822 0.00 0.051 -B053 0.000 0631 810 000
0.052 -1.008 0.000 9415 6.799 0.00 0.083 4087 0.000 0500 6787 0.00
0054 -0.601 0.000 9583 6.776 0.00 0.035 1056 0.000 0587 6765 000
0.056 6,088 0.000 93551 6734 0.00 0.087 2337 0.000 0336 4743 0.00
0.058 0445 0.000 9511 6.731 0.00 0.059 0208 0.000 0504 6712 000
0.050 1878 0.000 f.40 6.712 0.00 0.061 5078 0.000 o4m 4.1 0.00
0.0482 0.000 9463 691 0.00 0.063 -L771 0.000 o440 6682 000
0044 -5.056 0.000 9436 6.672 0.00 0.065 -T.623 0.000 0421 §.662 000
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Project: Balikei_ 630V Page: 34
Location:  Istanbul 1260 Date: 07-08-2015
Confract: S
Engineer Study Case: SC Revicion:  Base
Filepame:  AG 690 Config:  Shaft
(Cont)
3-Phase frultatbus  : Bus_T62
1=total fault curent,
Nomindl KV = 0230 Voltsge cFactr = 110 (Madonm 1) Ide=de conponext.
1env = top envelope of cwrent-wave,
Tae({rms) = rmos value of ac component,
1de{%s) = percentage value of de component
1 i) Hekd)  lewdA)  DefAms el 1 iE4) Hekd)  lEw(A)  hofAms IRl
0.0486 113 0000 9400 6.653 0.00 0.067 -£311 0.000 0386 G544 0.00
0.048 £1m 0000 9383 6.635 0.00 0.060 -5873 0.000 LR H] G826 000
0.070 1302 0000 9357 6.617 0.00 0on 0.587 0.000 8343 §.608 0.00
0072 1974 0000 9333 6.500 0.00 0.073 6.794 0.000 832l 4501 000
0.074 3.635 0000 a3 6.582 0.00 0073 L7 0.000 817 4374 0.00
0.076 3633 0000 9285 6.586 0.00 0077 6.780 0.000 8174 §.557 0.00
0078 3044 0000 2261 .540 0.00 0.o7 0381 0.000 0151 G541 000
0.080 1855 0000 2240 §.554 0.00 0.081 -8 0.000 L] §.526 0.00
0.082 -£aoTe 0000 2218 6.518 0.00 0.083 0135 0.000 8207 6.511 000
0.084 5008 0000 2187 6.503 0.00 0.083 -1431 0.000 o188 §.406 0.00
0.086 4817 0000 2176 6488 0.00 0.087 -L717 0.000 0146 G451 000
0.088 1.714 0000 2156 6474 0.00 0.089 4800 0.000 b1 5467 0.00
0.080 7301 0,000 9136 6.440 0.00 0.081 3839 0.000 0124 4433 0.00
0.002 o044 0000 o116 6444 0.00 0.003 7880 0.000 o106 §.438 0.00
0094 370 0000 2097 6433 0.00 0.005 1808 0.000 o087 5426 000
0.006 0370 0000 207 6419 0.00 0.0e7 -3.8461 0.000 b0ge 5413 0.00
0.098 -6.604 0000 2060 6406 0.00 0.009 -B415 0.000 b5l §.400 000
0.100 5042 0000 2042 6.393 0.00 ol -B38 0.000 0033 §.387 0.00
oy i(EA) Hekd)  lewdA)  DefAms el tod) i) Hekd)  lEw(A)  hofAms IRl
.00 0.000 11163 11326 T 100.00 0100 -1.583 1376 18454 1833 6559
0.200 1512 480 15.005 .7 2445 0300 6.683 180 14207 1718 3013
0400 10.952 ing 13.060 7.666 2046 0.500 12274 1304 12174 1616 1397
0.600 0683 1026 177 7567 058 0.700 M 0.704 11339 150 §.82
0800 1781 0486 1038 430 0.900 -B147 0.337 10848 1433 320
1.0:00 -10.218 0235 10.688 7381 115 1104 -3147 0.165 10562 1332 158
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EK E: Secilen termik-manyetik salterler ile ilgili detaylar
Cizelge E.1: Secilen termik-manyetik salterler.

Uzun zaman Kisa zaman Maksimum Maksimum
Nominal Nominal gecikmeli gecikmeli Ani agma ayar acma kapama
Salter Yeri Salter Tipi Gerilim Akim acma ayar acma ayar sahasi kapasitesi kapasitesi
U, In sahas1 sahas1 li (RMS) (PEAK)
I, lsq ey lem
CB_SG NW50H1IML5A 690V 2500-5000A (0.4-1)xl, (1.5-10)xI, (2-15)xI, 100kA 220kA
CB DG1 NW20H2ML5A 690V 1000-2000A (0.4-1)xl, (1.5-10)xI, (2-15)xl, 85kA 187kA
CB_DG2 NW16H2ML5A 690V 800-1600A (0.4-1)xI, (2.5-10)xI, (2-15)xl, 85kA 187kA
CB BT NWO0BH2ML2A 690V 400-800A (0.4-1)xl, - (2-15)xI, 85kA 187kA
CB VM1 NWI12H2ML2A 690V 630-1250A (0.4-1)xl, - (2-15)xI, 85kA 187kA
CB_VM2 NW12H2ML2A 690V 630-1250A (0.4-1)xl, - (2-15)xl, 85kA 187kA
CB F11 NSX630HB1 690V 630A - - - 75kA 150kA
CB F12 NSX630HB1 690V 630A - - - 75kA 150kA
CB_F21 NSX630HB1 690V 630A - - - 75kA 150kA
CB _F22 NSX400HB1 690V 400A - - - 75kA 150kA
CB2 NSX250HB1 690V 250A - - - 75kA 150kA
CB_IM3B NSX100HB1 690V 100A - - - 75kA 150kA
CB T1.1 NSX250HB1 690V 250A - - - 75kA 150kA
CB T21 NSX250HB1 690V 250A - - - 75kA 150kA
CB T3.1 NSX250HB1 690V 250A - - - 75kA 150kA
CB T6.1 NSX250HB1 690V 250A - - - 75kA 150kA
CB_IM3 NSX100R 690V 100A - - - 45KkA 90kA
CB _EMG NSX250RML5A 690V 250A (0.4-1)xl, (1.5-10)xI, 12xl, 45KkA 90kA
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Cizelge E.1 (devam): Secilen termik-manyetik salterler.

Uzun zaman Kisa zaman Maksimum Maksimum
Nominal Nominal gecikmeli gecikmeli Ani agma ayar acma kapama
Salter Yeri Salter Tipi Gerilim Akim acma ayar acma ayar sahasi kapasitesi kapasitesi
U, In sahasi sahas1 li (RMS) (PEAK)
I lsq e lem
CB _IM12 NSX250R 690V 250A - - - 45kA 90kA
CB T4.1 NSX250R 690V 250A - - - 45kA 90kA
CB3 NSX250R 690V 250A - - - 45kA 90kA
CB_T1.2 NSX400F 440V 400A - - - 30kA 60kA
CB T2.2 NSX400F 440V 400A - - - 30kA 60kA
CB_IM5 NSX250F 440V 250A - - - 35kA 70kA
CB_IM4 GV2-P01-32 440V 0.1-32A - - - 20kA 40kA
CB4 GV2-P01-32 440V 0.1-32A - - - 20kA 40kA
CB_T3.2 NSX400F 230V 400A - - - 40kA -
CB_T6.2 NSX400F 230V 400A - - - 40kA -
CB6 NSX250B 230V 250A - - - 40kA -
CB_IM7 C120N 230V 63-125A - - - 10kA -
CB_IM8 C120N 230V 63-125A - 10kA -
CB1 C60N 230V 1-63A - - - 20kA -
CB_IM6 C60N 230V 1-63A - - - 20kA -
CB_IM9 C60N 230V 1-63A - - - 20kA -
CB5 NSX250B 230V 250A - - - 40kA -
CB T4.2 NSX250B 230V 250A - - - 40kA -
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSTALLATIONS OF SHIPS AND
MOBILE AND FIXED OFFSHORE UNITS -

Part 1: Procedures for calculating short-circuit
currents in three-phase a.c.

FOREWORD

The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promaote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may
participate in this preparatory work. International, gevernmental and non-governmental organizations liaising
with the IEC also participate in this preparation. The IEC collaborates closely with the International Organization
for Standardization (ISO) in accordance with conditions determined by agreement between the two
organizations.

The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
from all interested National Committees.

The documents produced have the form of recommendations for international use and are published in the form
of standards, technical reports or guides and they are accepted by the National Committees in that sense.

In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject
of patent rights. The IEC shall not be held responsible for identifying any or all such patent rights.

This part of International Standard IEC 61363 has been prepared by IEC technical committee 18:
Electrical installations of ships and of mobile and fixed offshore units.

This standard cancels and replaces IEC 60363, published in 1972.

The text of this standard is based on the following documents:

FDIS Report on voting
18/831/FDIS 18/837/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.
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ELECTRICAL INSTALLATIONS OF SHIPS AND
MOBILE AND FIXED OFFSHORE UNITS -

Part 1: Procedures for calculating short-circuit
currents in three-phase a.c.

1 Scope and object

This International Standard outlines procedures for calculating short-circuit currents that may
occur on a marine or offshore a.c. electrical installation.

The calculation methods are for use on unmeshed three-phase alternating current systems,

a) operating at 50 Hz or 60 Hz;
b) having any system voltage specified in IEC 60092-201 table 2;
¢) having one or more different voltage levels;

d) comprising generators, motors (both synchronous and asynchronous), fransformers, reactor
coils, cables, and converter units;

e) having their neutral point connected to the ship's hull through an impedance (designed to
limit the short-circuit current flowing to the ship’s hull);

f) having their neutral point isolated from the ship's hull.

The calculation procedures are for a three-phase symmetrical short-circuit condition i.e. three-
phase conductors shorted together, or shorted to the ship's hull and for which the short-circuit
occurs on all three poles simultaneously. The calculation of short-circuit currents resulting from
asymmetric shori-circuit conditions can lead to higher aperiodic (d.c.) components of the short-
circuit current and is not considered in this standard.

The calculating formulae and methods described produce sufficiently accurate results to
calculate the short-circuit current during the first 100 ms of a fault condition. They can be used
to calculate the short-circuit current for periods longer than 100 ms when calculating on a bus
system to which the generators are directly connected. For time periods beyond 100 ms the
controlling effects of the system voltage regulators may be predominant. Calculations including
the voltage regulator effects are not considered in this standard.

The object of this standard is to present formulae for calculating short-circuit currents of the
active components of an electrical system and to indicate how such formulae may be simplified
when calculating the short-circuit current at various locations on the electrical system. The
calculations give estimates of the prospective short-circuit current when the system's active
components produce their maximum contribution.

The calculating formulae are developed from basic electrical engineering theories relevant to
the system components. To simplify the calculation methods yet retain an acceptable level of
accuracy in the results, suitable assumptions are outlined and their effects on the calculation
results indicated.

This standard provides a calculation procedure. It gives guidance on the interpretation and
application of simplifying formulae and the corresponding results when applied to the selection
of switchgear. The standard is not intended to provide any other information other than the
calculation of the short-circuit current which may flow in the network.
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In order to understand the methods, and consequences of the results, it is assumed that the
person responsible for initiating the short-circuit current calculations, is thoroughly familiar with
valid electrical engineering fundamentals.

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this International Standard. At the time of publication, the editions
indicated were valid. All normative documents are subject to revision, and parties to
agreements based on this International Standard are encouraged to investigate the possibility
of applying the most recent editions of the normative documents indicated below. Members of
IEC and ISO maintain registers of currently valid International Standards.

IEC 60034-4:1985, Rotating electrical machines — Part 4. Methods for determining synchronous
machine guantities from tests

IEC 60038:1983, IEC standard voltages

IEC 60050(151):1978, International Electrotechnical Vocabulary (IEV) — Chapter 151: Electrical
and magnetic devices

IEC 60050(411):1996, International Electrotechnical Vocabulary (IEV) — Chapter 411: Rotating
machinery

IEC 60050(441):1984, International Electrotechnical Vocabulary (IEV) — Chapter 441:
Switchgear, controlgear and fuses

IEC 60092-201:1994, Electrical installations in ships — Part 201: System design — General
IEC 60092-202:1994, Electrical installations in ships — Part 202: System design — Protection

IEC 60909:1988, Short-circuit current calculation in three-phase a.c. systems

3 Definitions, symbols, subscripts and superscripts

3.1 Definitions

For the purpose of this International Standard the following definitions and symbols apply.

311

short circuit

accidental or intentional connection, by a relatively low resistance or impedance, of two or
more points in a circuit which are normally at different voltages. [IEV 151-03-41]

3.1.2

short-circuit current

over-current resulting from a short circuit due to a fault or an incorrect connection in an electric
circuit. [IEV 441-11-07]
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3.1.3

prospective current (with respect to a switching device)

short-circuit current that would flow in the circuit if each pole of the device were replaced by a
conductor of negligible impedance. [IEV 441-17-01, modified]

3.14

symmetrical short-circuit current

r.m.s. value of the a.c. symmetrical component of a prospective (available) short-circuit current,
the aperiodic component of current, if any, being neglected. (IEC 60909, subclause 3.4)

3.15

initial symmetrical short-circuit current /"y

r.m.s. value of the a.c. symmetrical component of a prospective (available) short-circuit current
applicable at the instant of short circuit if the impedance remains at zero-time value. (3.5 of
IEC 60909, see also figure 2).

3.186

subtransient short-circuit current ["yq in the direct axis

r.m.s. value of the short-circuit current flowing through a circuit with rotating machine(s) having
an impedance (reactance) equal to the subtransient impedance (reactance) of the circuit.

3.1.7

transient short-circuit current /g4 in the direct axis

r.m.s. value of the short-circuit current flowing through a circuit with rotating machine(s) having
an impedance (reactance) equal to the transient impedance (reactance) of the circuit.

3.1.8

steady-state short-circuit current liq in the direct axis

r.m.s. value of the short-circuit symmetrical current flowing through a circuit with generator(s)
which remains after the decay of the transient phenomena.

3.1.9

aperiodic (d.c.) component of the short-circuit current igc

component of current in a circuit immediately after it has been suddenly short-circuited, all
components of fundamental and higher frequencies being excluded.

NOTE - It is the mean value between the top and bottom envelope of a short-circuit current decaying from an initial
value A to zero according to figure 2.

3.1.10

peak short-circuit current i,

maximum possible instantaneous value of the prospective (available) short-circuit current (see
figure 2 and 3.8 of IEC 60909).

NOTE - For three-phase short circuits it is assumed that the short circuit occurs simultaneously in all phase
conductors.

3.1.11

direct-axis subtransient short-circuit time constant Ty

time required for the rapidly changing component, present during the first few cycles in the
direct-axis short-circuit current following a sudden change in operating conditions, to decrease
to 1/e, i.e. 0,368 of its initial value, the machine (or equivalent machine) running at rated
speed. [IEV 411-48-30, modified)

3.1.12

direct-axis subtransient open-circuit time constant Ty,

time required for the rapidly changing component present during the first few cycles of the
open-circuit primary winding voltage which is due to direct-axis flux following a sudden change
in operation, to decrease to 1/e i.e. 0,368 of its initial value, the machine running at rated
speed. [IEV 411-48-29, modified)
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3.1.13

direct-axis transient short-circuit time constant Ty

time required for the slowly changing component of the direct-axis short-circuit primary current
following a sudden change in operating conditions, to decrease to 1/e i.e. 0,368 of its initial
value, the machine running at rated speed. [I[EC 411-48-28, modified]

3.1.14

direct-axis transient open-circuit time constant Ty,

time required for a slowly changing component of the open-circuit primary voltage, which is due
to the direct-axis flux, following a sudden change in operating conditions, to decrease to 1/e i.e.
0,368 of its initial value, the machine running at rated speed. [IEV 411-48-27, modified]

3.1.15

DC time constant Ty,

time required for the d.c. component present in the short-circuit current, following a sudden
change in operating conditions, to decrease to 1/e i.e. 0,368 of its initial value, the machine
running at rated speed (see clause 20 of IEC 60034-4).

3.1.16

direct-axis subtransient reactance X"y (saturated value)

quotient of the initial value of a sudden change in that fundamental a.c. component of primary
voltage, which is produced by the total direct-axis primary flux, and the value of the
simultaneous change in fundamental a.c. component of direct-axis primary current, the
machine running at rated speed. [IEV 411-50-11, modified].

3.1.17

direct-axis transient reactance X'y (saturated value)

quotient of the initial value of a sudden change in that fundamental a.c. component of primary
voltage which is produced by the total direct-axis primary flux, and the value of the
simultaneous change in fundamental a.c. component of direct-axis primary current, the
machine running at rated speed and the high decrement components during the first cycles
being excluded. [IEV 411-50-09, modified]

3.1.18

direct-axis synchronous reactance Xy

quotient of the steady-state value of that fundamental a.c. component of primary voltage which
is produced by the total direct-axis primary flux, and direct-axis primary current after the decay
of the transient phenomena.

3.1.19
stator resistance of a generator A,
resistance of the stator of a synchronous machine, measured at d.c. current.

3.1.20

short-circuit impedance Z

quotient of the sinusoidal voltage per phase on a balanced a.c. system and the same frequency
component of the short-circuit current in that system.

3.1.21

voltage source

active element which can be represented by an ideal voltage source independent of all currents
and voltages in the circuit, in series with a passive circuit element. [IEV 131-01-37]
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3.1.22

nominal system voltage U,

voltage (line-to-line) by which a system is designated and to which certain operating
characteristics are referred (see IEC 60038).

3.1.23

subtransient voltage of a rotating machine E”

r.m.s. value of the symmetrical internal voltage of a machine which is active behind the
subtransient impedance Z" at the moment of short circuit.

3.1.24

transient voltage of a rotating machine E’

r.m.s. value of the symmetrical internal voltage of a machine which is active behind the
transient impedance Z' at the moment of short circuit.

3.1.25

nominal value ()

suitable approximate quantity value used to designate or identify a component, device or
equipment. [IEV 151-04-01]

3.1.26

rated value (;)

quantity value assigned, generally by a manufacturer, for a specified operating condition of a
component, device or equipment. [IEV 151-04-03]

3.1.27

equivalent generator (motor)

fictitious generator (motor) having characteristics which will produce the same short-circuit
current at any point on an electrical installation, as would be produced by a combination of
generators (motors) having different ratings and different characteristics, which are connected
to the system (see clause 7).

3.2 Symbols

All equations are written without units specified. The symbols represent quantities possessing
both numerical values and dimensions that are independent of units provided a coherent unit
system is chosen, i.e. “systéme international d'unités (Sl)".

In case of impedance, reactance, resistance and voltage drops, capital letters denote absolute
values and lower-case letters denote relative values (per unit or per cent).

For time-dependent values (current, voltage), capital letters denote r.m.s. values and lower,
case letters denote momentary (instantaneous) values.

o phase angle

E'qEy subtransient and transient g-axis voltage of a generator (r.m.s.)

E"y subtransient voltage of a motor (r.m.s.)

f frequency

fa lowest frequency of a shaft generator

fr rated frequency of a network

"I, subtransient and transient short-circuit current of the equivalent generator (r.m.s.)
l. current of an equivalent generator (r.m.s.)
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subtransient short-circuit current of an asynchronous motor and an equivalent
motor (r.m.s.)

subtransient and transient initial short-circuit current of a synchronous machine
(rm.s.)

current (r.m.s.)

a.c. component of the short-circuit current of a synchronous machine (r.m.s.)
symmetrical short-circuit current of an asynchronous motor (r.m.s.)
asynchronous motor locked rotor current

d.c. component of the short-circuit current of a synchronous machine
(instantaneous)

d.c. component of the short-circuit current of an asynchronous motor and an
equivalent motor (instantaneous)

upper envelope of the short-circuit current

steady-state short-circuit current of an equivalent generator (r.m.s.)
steady-state short-circuit current of a synchronous machine (r.m.s.)
upper envelope of the short-circuit current of an asynchronous motor

peak value of the short-circuit current of a synchronous machine and an
asynchronous motor

rated current (r.m.s.)

subtransient inductance of a synchronous condenser of a shaft generator system
(synchronous maching)

subtransient inductance of a synchronous shaft generator system with converter
cable inductance

inductance of the commutation coils of a synchronous shaft generator system
with converter

inductance of the d.c. circuit of a synchronous shaft generator system with
converter

copper losses of a transformer at rated frequency
resistance

resistance of an equivalent generator

stator resistance of a synchronous machine

cable resistance

d.c. resistance

resistance of an asynchronous motor

rotor resistance of an asynchronous motor

rotor resistance of an equivalent asynchronous motor
stator resistance of an asynchronous motor

stator resistance of an equivalent asynchronous motor
resistance of a transformer

rated power of a transformer

time duration from the beginning of a short circuit

the quotient of the rated high voltage and the rated low voltage of a transformer
defined time duration from the beginning of a short circuit
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subtransient and transient time constant of a synchronous machine
subtransient and transient time constant of an equivalent generator
subtransient and transient open-circuit time constant of a synchronous machine

subtransient and transient time constant of a synchronous machine including the
non-active components

subtransient time constant of an asynchronous motor and an equivalent
asynchronous motor

subtransient time constant of an equivalent asynchronous motor including the
connecting cables

d.c. time constant of a synchronous machine and an equivalent generator

d.c. time constant of a synchronous machine including the non-active
components

d.c. time constant of an asynchronous motor and an equivalent asynchronous motor
d.c. time constant of an asynchronous motor including the connecting cables
prefault voltage (line-to-ling)

nominal voliage (line-to-line)

rated voltage (line-to-ling)

rated short-circuit voltage of a transformer

rated short-circuit voltage of a reactor coil

rated voltage of a motor

rated ohmic voltage of a transformer

2nf

subtransient reactance of an equivalent generator

reactance

subtransient and transient reactance of a synchronous machine in the d-axis
subtransient reactance of an asynchronous motor

subtransient reactance of an equivalent asynchronous motor

subtransient reactance of an asynchronous motor including the connecting cables
reactance of a synchronous machine in the d-axis

rotor and stator reactance of an asynchronous motor

reactance of a coil

reactance of a transformer

impedance and equivalent impedance

subtransient impedance of an equivalent generator

subtransient and transient impedance of a synchronous machine

subtransient and transient impedance of a synchronous machine including the
non-active components

subtransient impedance of an asynchronous motor
subtransient impedance of an equivalent asynchronous motor
impedance of a transformer

11

129



BS IEC 61363-1:1998

12

3.3 Subscripts

0

ac
C
com

-

equivalent generator or asynchronous motor
prefault conditions

alternating current

cable

commutation coil of a shaft generator

direct axis

direct current

value including non-active components (external)
phasors of E, I, U

synchronous generator

high-voltage side of a fransformer

number of generators

number of motors

short circuit

inductance

low-voltage side of a transformer
asynchronous motor or group of motors
nominal value

quadrature-axis

rotor of an asynchronous motor

rated value

stator of an asynchronous motor

shaft generator synchronous condenser machine
shaft generator

total

transformer

complex impedance

3.4 Superscripts

subtransient value
transient value

4 Introductory information

4.1 General

The planning, design and operation of a marine or offshore electrical installation may require
several studies to assist in the evaluation of system performance, reliability, safety and
operation under both normal and short-circuit conditions. Such studies may be for load flow,
stability, motor starting, transient conditions, earthing or harmonics. The system design
engineer decides which studies are required for any particular installation. Short-circuit current
studies are considered o be the most likely required for marine and offshore systems,

regardless of their size and complication.
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In a practical system, the controlling effects of the automatic regulators and non-linearity of the
parallel connected machines will affect the resulting currents. To calculate precisely the
currents resulting from these effects is beyond the scope of this standard, and should be done
using computer simulation techniques.

A marine and offshore structure electrical system should be designed to ensure that all
possible precautions have been taken to prevent shori-circuit currents occurring. The principal
objective of calculating the short-circuit current is to ensure that the system and its
components are capable of withstanding the effects of the short-circuit conditions, and thereby
limit any resulting damage to a minimum. System short-circuit current protection is normally
provided by fuses and circuit-breakers. The principle intent of these calculations is to provide
sufficient information to enable such devices to be selected with confidence that they are
capable of providing the necessary protection. In addition, the calculations may be used to help
select devices capable of limiting the short-circuit current to within the capabilities of the
protective devices.

When calculating short-circuit currents, it is important to understand the difference between the
short-circuit current generated by an individual piece of equipment, and the short-circuit current
which results when several pieces of equipment are connected in a system. When an isolated
machine is being considered, only the electrical parameters of the machine affect the short-
circuit current generated. In a system, however, this current is limited by the impedance of the
non-active components, for example, cables, transformers, etc., forming the system, changing
both the transient and steady-state values of the resulting short-circuit current.

The majority of marine/offshore electrical systems are operated with the neutral point insulated
from the hull or connected to it through an impedance. In such systems, the highest value of
short-circuit current is the three-phase short circuit. If the neutral point is directly connected to
the hull, then the line-to-line to ship's hull, or line-to-ship's hull short circuit may produce a
higher current.

4.2 Calculation accuracy

Clause 5 outlines equations for calculating the short-circuit current of various system active
components.

When analyzing the calculation results, cognizance should be given to the inherent accuracy
involved in determining the characteristic parameters of the active components which
determine the magnitude of the short-circuit current. The tolerances accepted for the
subtransient and transient impedance may change the calculated short-circuit current to a
greater extent than the tolerances accepted for the time constants. The active component
equations developed in this standard are considered to describe the three-phase short-circuit
conditions within sufficient accuracy for practical applications.

When applied to system calculations, the accuracy of the final result depends not only on the
inherent accuracy of the component characteristic parameters but also on the method of
calculation used, the calculating formulae and the relative importance of a particular
component in the system with regard to its ability to produce or attenuate short-circuit current.
Assumptions can be made in order to simplify the calculating procedures (see clause 6), but
simplifications will result in a loss of accuracy. Good simplifications will produce conservative
results leading to higher values of short-circuit current than would actually flow in the physical
system.

4.3 Basic assumptions

A complete short-circuit current calculation should give the value of the current at each point in
time, from its initiation until its finish. The calculation should give cognizance to the preload
conditions, the inherent characteristics of the active components, the damping effects of the
non-active components, and the instantaneous voltage at the different points of the system at
the start of the short circuit.
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Such a calculation is considered unnecessary for most practical engineering purposes, and
accordingly beyond the scope of this standard.

The formulae described herein, calculate the upper envelope of the maximum values of the
time dependent short-circuit current (see figure 2). The envelope is calculated using particular
machine characteristic parameters obtainable from equipment manufacturers using recognized
testing methods, and applying the following assumptions:

a) all system capacitances are neglected;

b) at the start of the short circuit, the instantaneous value of voltage in one phase at the fault
point is zero;

¢) during the short-circuit, there is no change in the short-circuit current path;
d) the short-circuit arc impedance is neglected:;

e) transformers are set at the main tap position;

f) the short circuit occurs simultaneously in all three phases;

g) for generators connected in parallel, all generators share their active and reactive load
proportionally at the start of and during the short circuit;

h) during each discrete time interval, all circuit components react linearly.

With the above assumptions, the calculation results are considered 1o be acceptable to achieve
the objectives of this standard.

The short-circuit current envelope is normally described during the first few milliseconds of
fault initiation (the subtransient period), in addition to the following milliseconds (the transient
period) and seconds (the steady-state period) of the fault. The short-circuit current produced by
a synchronous generator is greatly affected by the characteristics of its voltage regulator. To
calculate the exact effects of the regulator requires precise regulator design information, and
the resulting equations cannot easily be evaluated. The steady-state value of the short-circuit
current produced taking account of the regulator can, however, generally be obtained from the
generator manufacturer.

For the symmetrical three-phase fault condition, only the positive-sequence components of the
system components need be considered.

4.4 Calculation methods

The formulae developed in clause 5 are considered to be the most suitable for calculating the
short-circuit currents. When full information is not available, such formulae cannot be used
unless simplified. Any simplification generally infers an approximation or neglect of certain
parameters and hence causes inaccuracies in the calculated results. Clause 6 outlines various
simplifications and gives an indication of the resulting inaccuracies. Clause 8 outlines the
application of these formulae to system calculations.

Two basic system calculation approaches can be taken, time-dependent and non-time
dependent. In some cases, the time-dependent nature of the shori-circuit current can be
neglected. However, when an accurate analysis is required, for example to determine the
ratings of non-current-limiting, type circuit-breakers (as in low-voltage systems) or the d.c.
component is important (as for medium-voltage systems), a time dependent calculation is
required.

For both methods of calculation, the system is divided into its active and non-active
components. The active components are sources of shori-circuit current, the non-active
components transmit or transform the short-circuit current to distribute it from the source to the
fault point. Each component is represented by a mathematical model formulated from its
characteristic parameters.
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Equally rated, parallel connected components such as motors and generators may be
considered as a single “lumped” machine. To complete a time-dependent calculation for a
system involving a number of dissimilar active components, the equivalent generator method
as described in clause 7 shall be used.

For motors, it is necessary to distinguish between “small* and “large” motors. A group of small
motors connected to a common distribution point may be considered as a single equivalent
motor at the distribution point. Large motors should be considered as separate short-circuit
current sources.

MNOTE - The term “large” is defined in 6.3.3.

Precise equations to describe the behaviour of shaft generators using frequency converters
depend on several factors including individual manufacturers’ system design. Accordingly, to
describe such systems to the required accuracy would require a complex equation which
cannot easily be evaluated. The method proposed by this standard divides a typical system into
discrete components for which the short-circuit current can be evaluated. However, it is
recommended that, whenever possible, a particular manufacturer's advice should be obtained.

5 System components and models

5.1 Active components
5.1.1 Synchronous machines
5.1.1.1 General

The synchronous machines used on marine/offshore electrical installations comprise
synchronous generators, motors and condensers. Knowledge of the shori-circuit current
produced by these machines is fundamental to the calculation of the short-circuit current of an
electrical system.

During the first few cycles of a short circuit all synchronous machines respond in a similar way
and accordingly the short-circuit current produced has the same basic characteristics.

Synchronous generators may be either compound or shunt-excited. For shunt-excited
machines, the excitation current may fall to near zero during the short-circuit condition, with
consequent loss of short-circuit current. On compound excited machines, the short-circuit
current is used to control and maintain the excitation current. Accordingly, for similarly rated
shunt and compound excited generators, the compound excited machine will produce higher
values of short-circuit current after the subtransient effects have decayed.
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5.1.1.2 Equivalent electrical circuit

To calculate the three-phase terminal short-circuit current of a synchronous machine, the
characteristic parameters are connected together in the positive-sequence component network
as shown in figure 1.

Xy
r\:/ Ay Xy
£
=)
E
IEC 189/98
Synchronous machine in system Positive-sequence network

Figure 1 - Synchronous machine positive-sequence component network

5.1.1.3 Basic calculation

The calculation of the short-circuit current for a synchronous machine is based on evaluating
the envelope of the maximum values of the machine's actual time-dependent short-circuit
current. The resulting envelope is a function of the basic machine parameters (power,
impedance, etc.) and the active voltages (E", E', E) behind the machine’s subtransient,
transient and steady-state impedance. The impedances are dependent upon the machine
operating conditions immediately prior o the occurrence of the shori-circuit condition.

a) Active voltages

For an accurate calculation, the active volitages shall be considered in both the direct and
quadrature axis during the subiransient and transient periods (E'y, E', Ey, E}g) and evaluated
taking into account the voltages due to the prefault load currents acting upon the direct and
quadrature axis impedance during the subtransient and transient periods.

b) Machine impedance

The machine impedance includes both the resistance and reactance acting in the direct and
quadrature axis.

Although, for calculation purposes, the machine reactance is assumed to be constant, it is only
constant for the respective subtransient, transient and steady-state periods of the short-circuit
current.

) Subtransient and transient short-circuit time constants

The decay of the a.c. component of the short-circuit current is characterized by the machine
subtransient and transient time constants.

The subtransient time constant Ty relates to the initial decay of the a.c. component of the
short-circuit current, and is dependent on the damping effects of the rotor circuit (mainly the
damper winding).

The transient time constant Ty, relates to the decay of the a.c. component of the short-circuit
current. [t depends mainly on the damping effects of the excitation circuits.

The d.c. time constant Ty, relates to the decay of the aperiodic component of the short-circuit
current and depends on the damping characteristics of the stator circuit.

134



BS IEC 61363-1:1998

5.1.1.4 Three-phase shori-circuit current

The three-phase short-circuit current condition occurs when all three phases are
simultaneously shorted together. The resulting current is a complex time-dependent function
occurring in each phase. The current contains both a.c. and d.c. components typically as
shown in figure 2.
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[ initial symmetrical short-circuit current

Ip  peak short-circuit current

lx  steady-state short-circuit current

igc decaying (aperiodic) component of shori-circuit current
A initial value of the aperiodic component

Figure 2 = Synchronous generator terminal short-circuit current time function

The current at any one point in time depends upon the instantaneous values of the machine
characteristics as outlined in 5.1.1.3. For a three-phase short-circuit condition, only the
positive-sequence network (figure 1) is of consequence.

5.1.1.5 Calculation of the three-phase short-circuit current

As indicated in 5.1.1.3, to evaluate the shori-circuit current accurately, the machine
characteristics are to be considered in both the direct and quadrature axis. Such a calculation
is extremely complex, and the additional accuracy obtained over other calculation methods
does not warrant the work involved.

If the quadrature axis current components are neglected, the results will be within +10 % of the
results when the quadrature components are included.

The maximum values of short-circuit current will occur when the prefault machine is operated
at its rated values of load, voltage, frequency, and power factor.

NOTE 1 - If the prefault machine is operated below its rated active power but above its rated reactive power (kvar),
the overrated excitation level will cause short-circuit currents in excess of the upper limit of the short-circuit current
referred to above.

When calculating the short-circuit current, only the highest values of the current are
considered. Figure 2 shows that the highest values vary as a function of time along the upper
envelope of the complex time-dependent function. The current defined by this upper envelope
is calculated from the equation:

= V2 Igt) + igelt) (1)
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For normal application purposes it is usual to calculate three functions from this envelope, the
a.c. component l(f), the d.c. component igc(f) and the maximum possible peak value fp.
a) The a.c. component lac(f)

The a.c. component time function Ix(f) is characterized by the subtransient, transient and
steady-state currents during the subtransient and transient time periods. These time periods
are defined by the direct-axis subtransient and transient time constants T"y and T}.

Laclt) = (Mg = Fig) et + Iy = hg) €4Ta + lyg @)

The subtransient and transient initial values of the three-phase short-circuit currents, /"qg and
I''g can be evaluated using the active voltages behind the respective impedance, using
equations (3) and (4).

I - E'lZy = E'gl(RZ + X°2)" 3)
he - EqlZq - Eql(RZ + X2)* (4)

kg = Ik which is the steady-state short-circuit current, should generally be obtained from the
manufacturer.

The active voltages E'yp, E'yo depend upon the preload current and can be evaluated using
equations (5) and (6) which are derived from the vectorial equations (7) and (8).

) Up . 2 Y2
E'g = ﬁcosm + Raly  + ﬁsmqpo+xdv‘o (5)
, Up . 2y o ”
Eyp = N cosdy + Raly  + 7 singg + X'ylo (6)
E'q = Up/VB + 152’ (7)
Eg = Up/3 + 1yZy (8)

where
Z'g = (Aa + jX"g) and
Z'q =Ry +jXy)

NOTE 2 - If the synchronous machine is operating at the nominal voltage of the network and at rated current before
the short circuit, then Uy _ U, and Iy _1.

b) The d.c. component igc(1)
The d.c. component ig.(f) can be evaluated from equation (9).

fdc“) = ’JE U"kd = !‘[} sin (ﬂg)e_”]—dc (9)
c) The peak value iy

The peak value of the short-circuit current occurs between time t = 0 and t = T/2 of the short-
circuit condition. The exact time depends on the preload conditions, the generator impedance
and time constants. However, it is acceptable to calculate r'p at time T/2, i.e. at the first half-
cycle of the short-circuit condition, using equation (10).

Ip= V2 lag (1) + ige(D) (10)
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5.1.2 Asynchronous motors
5.1.2.1 General
Asynchronous motors can be considered in two broad groups:

- large motors;
- small motors.

The grouping depends upon both the system generator capacity and the actual motor rating.
Motors driving thrusters, cargo pumps, cranes and heavy deck machinery, are normally “large”,
whereas the motors powering the ships auxiliary systems (fuel transfer, purifiers, efc.) are
“small”.

When a short circuit occurs on a system, all motors connected at the instant of short circuit,
contribute to the short-circuit current. Large motors must be evaluated individually. Small
motors may be grouped together and treated as an equivalent single source.

A single large motor is considered in the same manner as a generator, using its characteristic
parameters to calculate the upper envelope of the maximum current produced under the short-
circuit condition.

5.1.2.2 Equivalent electrical circuit

For three-phase short-circuit fault conditions, only the positive-sequence component network is
considered (figure 3).

m X
I M

\ Y, A X
M\ Ey
IEC 1g1/88
Asynchronous moter in system Positive-sequence network

Figure 3 = Asynchronous motor positive-sequence component network

5.1.2.3 Basic calculation
For three-phase short circuits, asynchronous motors contribute short-circuit current for a short
period of time. The short-circuit current depends on the internal subtransient active voltage, the

impedance and time constants, and comprises both an a.c. and a d.c. component, which decay
under the appropriate subtransient and d.c. time constants.

19

137



BSIEC 61363-1:1998

5.1.2.4 Motor impedance

The motor resistance and reactance indicated on the positive-sequence network (see figure 3)
are the motor stator and rotor resistance and reactance, referred to the stator voltage, i.e. at
slips=1.

Ry =Re +Rs (11)
X' =Xa+ Xs (12)

5.1.2.5 Time constants

The subtransient time constant T, relates to the rapid decay of the a.c. component. It depends
mainly on the damping effect of the rotor circuit and can be evaluated from equation (13).

(Xg + Xg)
Toy = 2R ™78/ 13
M o, AR (13)

The d.c. time constant relates to the decay of the aperiodic component of the short-circuit

current. It depends mainly on the damping effect of the stator circuit and can be evaluated from
equation (14).

S R (14)

5.1.2.6 Three-phase short-circuit current calculation

The upper envelope of the maximum values of the three-phase short-circuit current of an
asynchronous motor is shown in figure 4. It can be calculated from equation (15).

i) = N2 lagm(f) + igem(D) (15)

Bottom envelope = hyl(f)

IEC 182/98
iom no-load current
I"y  initial symmetrical short-circuit current
i peak short-circuit current
igem  decaying (aperiodic) component of the short-circuit current
A initial value of the aperiodic component iy;

Figure 4 - Time function of the terminal short-circuit current of an asynchronous motor
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a) The a.c. component lacp(f)

The a.c. component depends on the subtransient effects of the machine and can be calculated
from equation (16).

laen(f) = Iy &7/ Tm (16)
where /"y can be calculated from equation (17).
I'w = E"WI(Rg + Rg)? + (Xg + Xs)2]* (17)

The voltage E"); is dependent on the motor terminal voltage, the motor load current and power-
factor at the time of the short circuit. It can be calculated from equation (18).

Ev=(Un3)-ImZ'n (18)
where Z'y = Ay + [X"
Equation (18) expressed in iis scalar version is shown in equation (19).

U 2 U 2 %
Ev= ™ cosoy - Rul = 2 singy - X"l (19)

3 V3

b) The d.c. component igep(f)
The d.c. component can be calculated from equation (20).
aom() = ¥2 (I'y + fg sin gyy) e Tecu (20)
where cos gy is the motor power factor.
c) The peak value ipy
The peak value can be calculated using equation (21).
".pM= \@ facna(f) + lgem(f) (21)

evaluated at time 1= T/2.

5.1.3 Shaft generators
5.1.3.1 General

A shaft generator is any generator deriving its mechanical power from the ship's main
propulsion shaft line, such as:

a) synchronous generators driven by a mechanical, hydraulic or eleciric drive system arranged
to operate at a fixed speed;

b) asynchronous generators operating with variable frequency excitation on the rotor circuit;

c¢) d.c. or a.c. generators using converter equipment to connect to the power system.

The short-circuit current for a) and b) above may be evaluated as outlined in 5.1.1. Evaluation

of the short-circuit current for d.c. or a.c. generators using converter equipment to connect to
the power system requires special consideration.

5.1.3.2 Converter connected generators

Documentation on the shori-circuit characteristics of generators connected by converter
systems is scarce. There are many different schemes available and in all cases the
manufacturer should first be consulted to obtain the specific generator system’s short-circuit
operating conditions.
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Short-circuit current evaluation requires an accurate knowledge of the converter control system
characteristics and the converter protective functions including current-limiting devices, static
switches and any other devices which will limit the short-circuit current. Even when full
information is available, an accurate calculation is complicated due to the switching action of
the solid-state devices.

In the absence of manufacturer's information, the following method shall be used to predict the
short-circuit current.
a) General circuit diagram

Figure 5 shows the general arrangement of a shaft generator connected to a system with a
converter. The generator may be a.c. or d.c. in which case, only one converter bridge would be
used.
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Figure 5 — Shaft generator system with converter
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b) Assumptions

In calculating shaft generator system short-circuit currents, the following assumptions are
made:

- all components continue to function normally throughout the short circuit;

the system only contributes to the peak short-circuit current;

for the period of time considered by the calculation, no circuit protective devices operate;
the generator sees the short circuit as a three-phase short-circuit fault;

— the converter continues to commutate for at least 10 ms.

Using the above assumptions, the circuit of figure 5 can be represented as a system
impedance diagram shown in figure 6.

Aagg+ As  Leg+Lla

IEC 194/98

Figure 6 - System impedance diagram of a shaft generator system with converter
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The inverter can be combined with the synchronous condenser (pony-set) to enable the shaft
generator to be treated as a conventional synchronous generator. It should be noted however
that:

— Ly is the inductance of the d.c. circuit.

To obtain the short-circuit current at time = 5 ms, Ly, may be reduced by a factor 2/(r+/3 ).

— The shaft generator may be operating at a lower frequency.

This may be incorporated by reducing L"sg by the factor fo/f,, where £, is the lowest frequency
of the shaft generator at which rated voltage is generated, and f; is the rated network
frequency.

— Lgom is the inductance of the commutation coils.
- L"¢ is the subtransient inductance of the synchronous condenser.

From figure 6 it can be seen that dependent on the ratio of Ly, to the subtransient reactance of
the synchronous condenser L"s¢ the contribution of the shaft generator may be neglected.

5.1.3.3 Shaft generators with self-commutating inverters

A shaft generator using a self-commutated inverter is shown in figure 7.
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IEC 195/98

Figure 7 - Shaft generator with self-commutating inverter

For this system, the semi-conductor devices are switched off before the short-circuit current
reaches its maximum controllable peak value, or the current is limited by fast-acting current-
limiting fuses.

Assuming that the semi-conductor devices conduct for a minimum of 0,1 ms from initiation of
the short circuit, the current will increase linearly with time, at a rate determined by the current-
limiting inductance L4 (see figure 7), until it reaches its maximum. The magnitude of the peak
current should be obtained from the manufacturer. In the lack of precise data the peak current
may be assumed to be twice the generator rated current at time { = 0,1 ms. This peak will
occur before the peak current of the active (rotary) components, and therefore does not
contribute to the peak short-circuit current in a network.

If the short circuit occurs further from the converter terminals, the impedance of the connecting
circuit shall be included in the calculations.

5.1.4 Converter fed motors

Converter fed motors can contribute to the short-circuit current only if the converter consists of
two anti-parallel connected SCR's and the reversing SCR is or becomes conducting. These
situations can be handled in the same manner as a shaft generator with inverter by omitting the
synchronous condenser,
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5.2 Non-active components
5.2.1 General

System non-active components are the cables, transformers and reactors. Such components
attenuate the short-circuit current and do not contribute short-circuit current.

5.2.2 Cables

The positive-sequence component network is shown in figure 8.

e X
1 1+

IEC 196/98

Cable in system Positive-sequence natwork

Figure 8 — Cables positive-sequence component network

The cable impedance comprises resistance and reactance. Consideration should be given to
the temperature of the conductors during normal service and the temperature rise due to the
short-circuit current. In most cases the resistance and reactance values can be obtained from
manufacturing standards and evaluated for a conductor temperature of 20 °C and rated system
frequency.

For cables connected in parallel, attention is drawn to 8.5.2 of IEC 60092-202.
5.2.3 Transtormers

Figure 9 shows the positive-sequence component network for a transformer. This network includes
the leakage values of resistance and reactance which may be obtained from the manufacturer.

i1 Ry X
HY I I Lv HY I ILV
Uiy
" Uny
IEC 197/98
Transformer in circuit Positive-sequence network

Figure 9 - Transformer positive-sequence component network

The positive-sequence resistance, reactance and impedance can be calculated from equations
(22), (23) and (24). The values of u and uy are in %.

Bt = ug U2/100 §7 (22)
Xr=(2% - R3)% (23)
ZT = Uk U,2 /100 SrT (24}
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If the ohmic losses Pg, are known, the resistance can be calculated from equation (25).
Rr="Peyl3 I3 (25)

5.2.4 Reactors

The positive sequence component network for a reactor is shown in figure 10. The reactor
resistance is generally small and may be neglected. The reactance is normally quoted as a
percentage and can be calculated from equation (26). The values of vy is in %.

X =t Ur/ (100 43 ) (26)
A at
— L —
IEC 19898
Reactor in system Positive-sequence network

Figure 10 - Reactor positive-sequence component network

6 Simplifying assumptions

6.1 General

The formulae in clause 5 are the most appropriate for calculating time-dependent short-circuit
currents occurring at the terminals of equipment. When components are connected together in
a system, it is desirable to simplify the calculating formulae and standardize the calculation
method.

Any simplification inevitably introduces errors. Accordingly, the degree of simplification chosen
will depend not only on the data available but also on the accuracy permitted in the final result.
If full information is available, the formulae of clause 5 should be used. If information is limited,
an appropriate formula from this clause may be used.

This clause outlines approximations which can be made to simplify a calculation, and indicates
the resulting loss of accuracy when compared to more sophisticated methods. It shall remain
the system engineer's responsibility to decide how much loss of accuracy can be tolerated in a
calculation, and choose formulae as appropriate.

6.2 Synchronous machines
6.2.1 Three-phase short-circuit currents

The formulae of 5.1.1.5 require knowledge of the machine parameters in addition to the
preload conditions and power factor.

For short-circuit current calculations where the primary interest is in the selection of protective
equipment, several reasonable assumptions can be made which will simplify the calculating
procedures yet still retain an adequate accuracy in the result, during the time period being
considered.
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These assumptions include:

a) ignoring stator resistance, negligible error;
b) ignoring preload conditions, results will be within 5 % and 10 %;

c) ignoring the transient decay of the a.c. component, excessive inaccuracies occur in the
peak short-circuit current;

d) ignoring the subtransient and transient decay of the a.c. component, excessive inaccuracies
occur in the peak short-circuit current.

6.2.2 Effect of stator resistance

If the stator resistance R, is unavailable it may be ignored in formulae (3), (4), (5), (6), (7), and
(8). For a short-circuit current calculated at the terminals of a machine, the result will be higher
but well within acceptable tolerances. For system calculations, the error is negligible.

6.2.3 Effect of preload condition

If the preload condition, y, is ignored in equations (5), (6), (7) and (8) the values of E"g and
E'qp can be assumed to be equal, and equal to Up/+/3. This in effect calculates the short-

circuit current assuming a generator on no load, and results in a lower calculated value of the
symmetrical short-circuit current (generally less by 10 %).

6.2.4 Neglecting transient component decay of the a.c. component

If the transient component decay is ignored, excessive inaccuracies occur in the peak
short-circuit current. Such inaccuracies will invalidate any results calculated beyond the first
half-cycle of the fault condition, and accordingly this approximation is not recommended when
time-dependent calculations are required.

Using this approximation formula (2) becomes:
lao(t) = (kg = I'ca) €777 £ g (27)

6.2.5 Neglecting short-circuit current decay

In clause 5, the formulae are based on calculating the decay of the envelope of the short-circuit
current as a result of the subtransient, transient and synchronous components. If this decay is
ignored, the a.c. component of the short-circuit current can be assumed to be a ratio of a
consiant voltage divided by constant subtransient reactance and the d.c. component as a
proportional constant. Stator resistance and preload currents should be ignored and the peak
current calculated assuming maximum asymmetry.

These assumptions should only be made when estimating approximate values as the results
will produce excessive errors for calculations required beyond the first 0,5 cycles.

The calculating formulae become:

lag = Up ! (/3 X"g) (28)
o= 21lg=A (29)
ip= 2 lag + igo (30)
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ip=242 15 (31)

NOTE 1 - Uy is the generator prefault voltage. To ensure that the calculation includes the maximum value of the
short-circuit currents, it should be assumed that in the prefault condition, the generators are being operated at their
rated value.

NOTE 2 - To provide a closer estimate of the peak value at 0,5 cycles, the factor 2 may be replaced by 1,8.
6.2.6 Time constants

If the a.c. and d.c. time constants are unavailable, they can be calculated from the machine
open-circuit time constants and impedance as follows:

a) Subtransient time constant (usually of the order of 1 ms to 30 ms):

= (X Xg) Ty (32)
b) Transient time constant (usually of the order of 20 ms to 1200 ms):
Ta=(Xg/Xq) T'ao (33)
¢) d.c. time constant (usually of the order of 15 ms to 300 ms):
Tae = X'g /(2 f; Ag) (34)

6.3 Asynchronous motors
6.3.1 First approximations
As a first approximation, it may be assumed that all asynchronous motors connected at the

time of the short circuit, contribute an a.c. short-circuit current equal to their starting current.
(Usually 4 to 7 times the machine normal full-load current.)

It may also be assumed that the motor contribution is constant throughout the complete short-
circuit fault period.

Such assumptions will give higher values of short-circuit currents than will occur on the actual
installation. The error will depend upon the number and size of motors connected.

6.3.2 Neglecting the motor preload conditions
Equations (18) and (19) calculate the motor internal subtransient voltage E"y and include the
effect of the motor preload conditions. The preload motor condition can be neglected with
negligible error such that:

Ery=Up! <3 (35)

Further, if the connecting cables are short, Uy can be approximated to U, the system nominal
voltage:

Ew=U,/+3 (36)

Similarly in equations (17) and (20) for the a.c. and d.c. components, the motor preload current
may be neglected and the equations become:

I'v=(Un/\3) I [(Rr+ Rs)2 + (Xg + Xs)2% (37)
and

fgoml(t) = V2 [y e Taeu (38)

145

351
=3



BS IEC 61363-1:1998

6.3.3 General data for large motors

For any motor rated more than 100 kW or 15 % of the normal connected generator capacity,
the formulae of clause 5 should be used. If insufficient motor data is available, the following
approximate values for the motor characteristic parameters may be used.
a) Motor impedance 2"y
For both 50 Hz and 60 Hz installations
2" =0,16 p.u.
X" =0,15p.u.
rs = 0,034 p.u.
rs =0,021 p.u.
Ny ="rs+ g =0,085p.u.
where
Z"y is the locked rotor impedance.
b) Time constants
- até0Hz, T'y=18,67 ms Tgem=11,73 ms
- at50Hz, T'y=224ms Taem = 14,08 ms
c) Ignoring preload current
If the preload current is ignored, using the above characteristic parameters gives:

" = 8,25 hy (39)
lp =400y att=Ti2 (40)
iom=10 hy (41)

d) Using motor locked rotor current

If the motor locked rotor current /g is known, it may be assumed that /"y is equal to I g.

e) When full motor data is unavailable the motor input kVA may be calculated as follows:
Induction motors 1 kW =134 kVA

Synchronous motors 1,0 pf 1 kW =1kVA

For approximate calculations the product of motor power factor and efficiency may be
considered equal to 0,8.

6.3.4 General data for small motors

Small motors connected to the same bus may be considered as a single equivalent motor,
having a rated current equal to the sum of the individual motor rated currents, and connected
to the system at their common bus.

The total motor group including their connecting cables may be considered as a single
equivalent motor having the following characteristic parameters:

a) Motor impedance Z"y

For both 50 Hz and 60 Hz:

Z"=02p.u.

X"y = 0,188 p.u.

r; = 0,043 p.u.

rg = 0,027 p.u.

Ny ="rg+rg=007p.u.
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b) Time constants

— at60Hz Ty =1867ms  Tygy=11,73ms

— at50Hz Ty =224 ms Ty = 14,08 ms.

c) Ignoring preload current

If the preload current is ignored then using the above characteristic parameters leads to:

I'vi=5hm (42)
lacm = 3.2 I att=T/2 (43)
Ipm=81Im (44)

d) The formulae of 6.3.3 may be used to calculate motor kVA.
6.3.5 Limited service asynchronous motors

The short-circuit current of motors designed to work in limited service, whose parameters are
not completely known, may be calculated assuming the motor is in continuous service and
operating at reduced power.

7 Application of the equivalent generator

7.1 General

For systems with generators and/or motors having different ratings and/or characteristics, the
generators and motors shall be combined to form an “equivalent generator” or an “equivalent
motor”.

7.2 Assumptions

The calculation method assumes that the short-circuit current at any point on an installation
can be evaluated by replacing the active componenis with those of an equivalent generator
and/or motor, having characteristics which will produce the same short-circuit current as the
active components it replaces.

7.3 Evaluation of the equivalent motor
7.3.1 General

To evaluate the equivalent motor, the short-circuit current for each individual motor shall be
calculated at the point of common connection, as outlined in 5.1.2.6.

The individual short-circuit currents shall then be arithmetically summed to determine the total
short-circuit currents laepmlf)1o. and igeml(t)To, Using equations (45) and (46).

’acMmTo = "acM (1) (45)
and
fgem(Bro = igem () (48)

The short-circuit current summation shall be used to determine the characteristic parameters
of an equivalent motor which would produce the same short-circuit currents as calculated
above.

The short-circuit current of the equivalent motor laiopy.(f1o and igem.(fito are equal to loom(fito
and igeml 7o evaluated at a specific point in time, i.e.:

laom. (1) = Iy, &7 (47)

fgom. (D = +2 Iy, e, (48)
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7.3.2 Determination of the equivalent motor parameters

To evaluate equations (47) and (48), the equivalent motor parameters shall be calculated as
follows:
a) Equivalent motor subtransient current /y.

I"\- can be calculated by summing the individual motor currents 1"y, each calculated according
to equation (17):

I'me= 'y (49)
b) Equivalent motor subtransient impedance Z"y.
Z"y- shall be calculated by using the above value of I"y. in equation (50):

Z'w. = Up ! (N3 1"w) (50)
c) Equivalent motor time constants T"., Tgom.
T, = =t/ In [K (8 ] "] (51)
Taem. ==t/ In [Kaewt () 7 (+2 1'.)] (52)
K"y(t,) and Kgcpmity) shall be evaluated using equations (53) and (54):
Wit) = Iy &7 T (53)
Koem(td = v2 Iy e Teau) (54)

ty is the point in time at which the currents are calculated.
d) Equivalent motor resistance and reactance
The resistance and reactance shall be calculated as follows:

AR.=¢1 X'y, (55)
Rs. = o X"y. (56)

where
cy=1/(2n f T.) (57)
Co=1/(21 f Tgem.) (58)
Z"%. = [(Rs. + RR.)2 + X".2]" (59)

and

Xy, =Z%. 11 + (e + c2)3)% (60)

7.4 Evaluation of the equivalent generator
7.4.1 General

To evaluate the equivalent generator, the time-dependent short-circuit current for each
individual generator and motor shall be calculated at the point of common connection, as
outlined in 5.1.1.5 and 5.1.2.6.

The individual short-circuit currents are summed arithmetically to determine the total short-
circuit current Jao(f)1o, and ige(f)1o, USING equations (61) and (62):

lac(f)7o = "ac{}m + l'acm(f) (61)
and

fgo(fta= lgealt) +  igemlf) (62)
The short-circuit current summations shall then be used to determine the characteristic

parameters of an equivalent generator which would produce the same short-circuit current as
calculated above.
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7.4.2 AC component (1),
The a.c. component time function (1), shall be calculated at any point in time using equation (61)
above. This function includes the subtransient, transient and steady-state currents of the equivalent
generator, i.e.:
bac(B)e = (1" = 12) &7 UTa, o (1 — h) e 0Ta + |, (63)
This equation can be rewritten as:
lio(t)e = M. &7, + N, g~tTa, + |, (64)

The initial values of the equivalent generator subtransient, transient and steady-state three-phase
short-circuit current, /%, I'. and lx. shall be evaluated using equations (65), (66), and (67):

I" = :7 '[“kdi + T '”Mj (65}
I= 1l (66)
b= Tlg (67)

The above summations apply to the i generators and j motors connected at a common point,
for which the equivalent generator is being evaluated.

The constants M, and N, shall be calculated from equations (68), (69).

M =(I"=T) (68)
No=(I - k.) (69)

7.4.3 Equivalent generator subtransient time constant T"y,

To calculate T", it is necessary to define a function K"(f) and for each generator where:

K'(f) = (g — I'ea) €778, + g (70)
A similar function K'(f), shall also be defined where:
K'(f), =M. e~tTs, + I, (71)
which is also equal to:
K= 7K@+ [lyetTu (72)

for each generator and motor.

The above equation shall be evaluated at time, t,, in order to calculate K"(f,). which shall then
be substituted in equation (73) to calculate T,:

T, =t/ In [(K" (t). = I.) / M]] (73)
7.4.4 Equivalent generator transient time constant T'g,
T"y. is calculated by evaluating equation (74) at time =ty i.e.:

lao(t). = M, e~ T'a, + N, e~t/Ts, 4 /., (74)
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lac(1), is also equal to:
laclty), = ;n "a: Ux)\ + ? "acM Ux}j (75)
for the “i" generators and “/* motors being considered.

M, e’%/'T'4. is calculated from equations (68) and (73). N, is calculated from equation (69), and
I, is calculated from equation (67).

Hence T4, is calculated using equation (76):

/Ty,

Tgo=—f/In g (tx), - (M, e +Ie) /N, (76)

7.4.5 DC time constant Ty,
T'4c. shall be calculated by evaluating equation (77) at time =
aolta). = ¥2 I", e Tae, 77

which is also equal to:
fa::“‘)(). = ,n ".dc {fx}i + ?".dc (fx}j (73)
for the “i" generators and “* motors being considered.

I", shall be calculated from equation (65) and hence Tgy.. shall be calculated from equation
(79):

Tac. = =t/ [ige (). / (+/217)] (79)
igely). is calculated from equation (78).
7.4.6 Equivalent generator impedance
The resistance and reactance may be evaluated from the following formulae:

R=X.l2nfTy.=caX" (80)
where:
Ca=1/(2nf Tgc.) (81)

The impedance may be evaluated from:

Z =(R? + X2)» (82)

Z" = Ugl(431I) (83)

Z' = Uyl (431) (84)

Z = Uyl (J31) (85)

hence

X =201 (1+cR)% (86)

X, =(2%- R2)% (87)

X =(Z2 - R2)% (88)
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8 System calculations

8.1 General
System calculations require the short-circuit current to be evaluated at:

a) the main generating busbars;
b) distribution boards connected to the main generating busbars;

¢) distribution boards or switchboards connected to the main generating busbars or a
distribution board and fed through a transformer.

System shart-circuit current calculations shall include the short-circuit current contributed by all
motors and generators connected to the system including those at the main generating
busbars, sub-switchboards and distribution boards. The formulae of clauses 5 and 6 calculate
the time-dependent short-circuit current at the terminals of the system's components. For
system calculations, these formulae shall be modified as described in the following clauses, in
order to include the effects of the cables and transformers connecting the system's
components to the distribution and switchboards.

It is difficult to establish a standard methodology to complete the system calculations but to
ensure a consistent approach, a standard calculation procedure as outlined in 8.7 should be
followed.

Because of the complexities involved, completing a detailed calculation can be time-consuming
and accordingly “test” calculations shall be done as indicated in 8.3 to ascertain if the errors
resulting from using a simplified or approximate method are acceptable.

8.2 Effects of non-active components connected in series with active components
8.2.1 General

When calculating the short-circuit current at a point on an installation which is connected by a
non-active component (cables or transformers) to an active component (generators and
motors), the non-active component impedance shall be taken into account. This impedance
reduces the magnitude of the short-circuit current, increases the subtransient and transient
time constants, and decreases the d.c. time constant. The net effect is a lower value of short-
circuit current which decays more slowly.

8.2.2 Generators

a) Impedance changes

Non-active component impedances are taken into account by increasing the impedance of the
active components.

In equations (3) and (4) Z"y and Z'y should be replaced by Z" and Z'; where:

Z% = [(Ra+ A)2 + (X'g + X)2]" (89)
Lo =[(Ra+ A2 + (X + X)2]% (90)
In equations (7) and (8), £ and Z'y should be replaced by Z"; and Z'; where:
Le=L'4+2 (91)
Lo=24+2 (92)

b) Time-constant changes
The time constants shall include the added impedance of the non-active components.
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The subtransient time constant T", can be calculated as follows:
[(F}‘a + A2+ (Xg + X}E]X'd Ty

T's = 93
€ [(H.c1 + B2 £ (X7g + X)(Xg + X)] X'y (93)
The transient time constant T can be calculated as follows:
T - [(Ra + A2 + (Xyg + X}E]Xd Ty (04)
[{Ra + R+ (Xg + X)(Xg + X)]X'd
The d.c. time constant Ty4ce can be calculated from:
Tace = [Tac+ X/ (2nf R/ (1 +RIR,) (95)
or
Tace=(Xg+X)/2af(Ra+ R (96)
8.2.3 Motors

a) Impedance changes

Non-active component impedance shall be taken into account by increasing the impedance of
the active components.

Equations (11) and (12) shall be modified as follows:
Aye=Ar+As+ R (97)
X'Me=Xp+Xg+ X (98)
b) Time-constant changes
The time constants shall include the added impedance of the non-active components.
The subtransient time constant T"y. shall be calculated as follows:

T've = X"vie / @ R (99)
The d.c. time constant Tjce can be calculated as follows:
Tacme = X"me/ @ (A5 + A) (100)

8.3 Short-circuit current at the generator busbars
Calculation of the short-circuit currents at the generator busbars shall include:

a) parallel connected generators;

b) directly connected motors;

c) motors and/or generators connected to distribution or sub-switchboards directly connected
to the main generator busbars.

8.3.1 Running parallel connected generators

If the parallel connected generators have identical ratings and characteristics, they can be
evaluated as one generator having a rating equal to the sum of the individual generator ratings.

Generator cables are generally short and can normally be neglected; however if they reduce
the short-circuit current by more than 5 %, they shall be included by using the formulae outlined
ing.2

If the generator cable lengths are within 5 % of each other, all generators shall be evaluated as
if connected by identical cables of the same length.
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To determine the effects of the generator cables or of different cable lengths, simple “test”
calculations shall be done on one generator using approximate formulae. The “test”
calculations should alternately include and ignore the cables, and consider maximum and
minimum cable lengths. If the results are within 5 % of each other, then these effects shall be
neglected without concern. For medium-voltage installations, the cable impedance has litile
effect, but for lower voltage systems, the effects can be considerable.

If the generators have different ratings, or the cable lengths and sizes cannot be neglected,
then each generator shall be considered separately including the effect of its own cable as
necessary, and the short-circuit currents evaluated using the equivalent generator methods of
clause 7.

8.3.2 Directly connected motors

Motors shall be evaluated based on their rating relative to the installed generator capacity of
the system. Small motors shall be grouped together and treated as a single equivalent motor.
Large motors shall be evaluated using the methods of clause 5. If full data is not available, the
information given in 6.3.3 may be used.

In practice, any contribution from motors will stop when their controllers drop out on loss of the
a.c. voltage at the shorted bus. This may occur between 0,5 and 3 cycles.

The methods of clause 5 include the effects of the motor current decrement. The motor short-
circuit current should be evaluated at each discrete time interval and arithmetically added to
the generator short-circuit current at the same point in time. The generator-motor combinations
can then be evaluated as a single equivalent generator as indicated in clause 7.

8.3.3 Motors and/or generators connected to other busses

Before completing an accurate calculation of the short-circuit current contribution due to
motors and generators connected to other parts of the system, approximate calculations which
neglect short-circuit current decrement shall be made and the significance of the contribution
from these components shall be ascertained.

When accurate calculations are necessary, the generators and motors connected to other parts
of the system shall be treated as outlined in 8.3.1 and 8.3.2 taking into account the current
decrement. These confributions may then be added to the other contributors at the fault bus
and an equivalent generator evaluated using the methods of clause 7.

8.4 Short-circuit currents at secondary busses directly connected to the generator bus

To calculate the short-circuit current at a secondary bus directly connected to the generator
bus, the calculated short-circuit current of the components connected to the secondary bus,
shall be evaluated using the equivalent generator method of clause 7, and including the effects
of the interconnecting components between the sub-bus and the generator bus.

If the secondary bus is connected by a short length of cable having a large cross-sectional
area, the connecting cable may be ignored, and the short-circuit conditions at the secondary
bus considered as equal to those at the generator bus. To test the effects of the
interconnecting cable, an approximate calculation shall be made in which the generator system
is considered as an infinite system of known short-circuit capacity, and the effects of the
interconnecting cable assessed by comparing the system impedance with the connecting cable
impedance.

If a more accurate calculation is necessary, the generating system shall be considered as an
equivalent generator and its reactance and time constants evaluated as outlined in clause 7.
These characteristic parameters shall then be modified to include the connecting cable
impedance as outlined in 8.2, and the time-dependent short-circuit current calculated.
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8.5 Transformers

Calculation of the short-circuit current at the primary side of a transformer connected to the
main generator bus, may or may not include the effects of the secondary circuit components.
Similarly the calculation of the short-circuit current at the secondary side of a transformer may
or may not include the effects of the primary circuit components.

Two main aspects shall be considered:

a) the transformer is small enough so that the secondary system loads do not affect the
primary system calculations and the calculated short-circuit current on the transformer
secondary is not affected by the primary system loads;

b) the transformer is large enough so that the secondary system loads affect the primary
system calculations and the primary circuit components affect the calculated secondary
system short-circuit current.

If the transformer is small and its impedance is large, then the primary circuit components will
not affect the secondary system short-circuit current and the transformer shall be considered
as if it is connected to an infinite busbar.

If the transformer is large and its impedance is small, then the calculations of the primary
system short-circuit currents shall include the contributions of the motors and generators
connected to the secondary system. Furthermore, the calculation of the secondary system
short-circuit current shall include the effects of the primary circuit components.

Small and large are relative terms relating the fransformer impedance to the system's
impedance but a judgement cannot be made only on their absolute values. As a first
approximation, the transformer impedance shall be compared with the system’s impedance,
(calculated to the same base quantities) and a judgement made by noting the increase which
would result if the primary circuit components were included. If the impedance increases
sufficiently to cause more than 5 % increase in the secondary side short-circuit current, the
primary circuit components shall not be neglected.

Alternatively, the effects of the voltage drop which occurs due to a short circuit may be taken
into account. The value of the short-circuit current at the transformer secondary terminals,
evaluated assuming the transformer is connected to an infinite bus, may be used to determine
the likely voltage drop on the primary bus, when the short circuit occurs. If the calculated
voltage drop is less than 20 %, it is unlikely that the generators will react to the short circuit. In
such cases, the generator's impedance will have negligible impact on the secondary terminal
short-circuit currents, and the calculations on the secondary terminals may be completed by
assuming the transformer is connected to an infinite bus.

MNOTE - The formulae used to calculate the a.c. component of a generator's short-circuit current includes the term
Ig- g which equals /, is dependent upon the voltage forcing due to the generator's voltage regulator and it only
affects the short-circuit current when the voltage regulator is “forcing”, i.e. when the busbar voltage drops to near
zero.

If the effects of the primary circuit components cannot be neglected, then the impedance due
to the transformer must be added to the (equivalent) generator impedance, and new time
constants evaluated. These new parameters may then be used to determine the time-
dependent shori-circuit currents as outlined in 8.2.

8.6 Semi-conductor converters used on variable speed drives

When considering the short-circuit current contribution of a motor supplied through a semi-
conductor converter, it is essential to determine under which conditions the motor will
contribute to the system's short-circuit current. Controlled semi-conductor devices e.g. those
used for speed controlled drives, will only conduct a short-circuit current when the motor is
re-generating. The value of the short-circuit current contributed will depend on the motor speed
(and hence volis) and the frequency and magnitude of the current will decrease as the drive
slows down.
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A speed controlled motor (e.g. a propulsion drive) supplied from a forward and reverse
converter bridge, will only contribute to a primary system three-phase short circuit when the
drive is re-generating and its reverse converter bridge is “on”. If the drive is in a powering
mode, and a primary system short-circuit occurs, the motor will contribute short-circuit current
to the system but this will stop as soon as the forward bridge turns off at the first current zero.
The reverse bridge will not be on and will block any further current produced by the motor as it
decelerates to standstill. The motor therefore will only contribute to the peak short-circuit
current.

8.7 Calculation procedures
8.7.1 General

It is difficult to establish a standard calculation for all system short-circuit currents. Each
system shall be considered on its own merits and the relevant simplifications, assumptions and
calculations chosen accordingly. Formulae used for one system may not necessarily apply to
another.

It is however important to establish a standard procedure to ensure that all system aspects
have been considered. It remains the responsibility of the systems design engineer, using the
guidelines of this standard, to determine the relevant importance of the calculation and to make
engineering judgements as to which approximations may be applied.

8.7.2 Short-circuit study procedure
The short-circuit study procedure shall include the following steps:

a) system and problem definition and preparation of a system study diagram;

b) component characteristic parameter identification;

c) preparation of a common base system impedance diagram;

d) quick non-time-dependent calculation to establish approximate fault levels at specific points;

e) estimation of suitable approximations that can be made to simplify the calculating
procedures within the required calculation accuracy:;

f) calculation of the time-dependent short-circuit currents at the major points on the system:
g) a short-circuit current summary and study conclusions.

8.7.3 Definition of the system and problem and preparation of a system study diagram

A basic system single-line diagram shall be made which identifies all major components.

The purpose of the calculation, the extent and acceptable accuracy shall be stated. Any
applicable assumptions shall be recorded. The operating conditions under which the
calculations are to be made shall be detailed and the number of generators on line and
estimated generator and motor loads shall be noted.

A summary of the applicable formulae should be given, detailing any special conditions
affecting a specific component's short-circuit current contributions.

A brief statement shall be made outlining the applicability of the results.

8.7.4 Component characteristic parameter identification

For each component on the single-line diagram, all relevant characteristic parameters should
be recorded. Statements should be made identifying which data is actual and which is
assumed.
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8.7.5 System impedance diagram

The system impedance diagram should be constructed by interconnecting the impedance as
determined by the system single-line diagram. If each component is represented by its
impedance calculated to a common base, the impedance diagram will give an immediate
indication of the relevant importance of the various components contributing to the short circuit
at any point, and hence an indication of the likely approximations that may be made.

NOTE - For generators it is generally sufficient to use the subtransient impedance only, as the purpose of the
diagram is to illustrate the system configuration.

8.7.6 Approximate calculation

Using formulae from 6.2.5, approximate, non-time-dependent calculations should be done at
each major distribution panel. Clause 6.3 should be used to estimate motor short-circuit
current.

NOTE 1 - To calculate the peak short-circuit current, assume maximum asymmetry. For generators, use the
subtransient impedance. For transformers assume they are connected to an infinite busbar.

The calculation results shall be tabulated and used to check the time-dependent calculations.

NOTE 2 — For some applications, no further calculations need be done. For example, if the purpose of the
calculation is to check switchgear ratings, and the switchgear ratings exceed the short-circuit currents calculated by
this method.

8.7.7 Estimate of suitable approximations

The formulae of 5.1.1.5 shall be used to establish the time-dependent short-circuit current
decrement for the system's generators and to establish a basis from which other
approximations may be judged e.g.:

a) calculations to ascertain the effect of the generator cables on the results;

NOTE — A time-dependent calculation can be done for one generator with and without its cable and the results
compared. A judgement can then be made to include or ignore cables in the calculations.

b) calculations to determine the voltage drop on the primary bus, as a result of a short-circuit
current on the secondary of an interconnecting transformer.

NOTE - The results of these calculations will provide judgement criteria to determine if the generator impedance

shall be included when calculating the short-circuit current on the transformer secondary system

8.7.8 System calculation

Using the results of the time-dependent calculations, and applying the assumptions allowed,
the short-circuit current at each relevant point on the system shall be evaluated.

Short-circuit current calculations shall be done for the most severe operating conditions, i.e.
those producing the highest values of short-circuit current. In addition, the theoretically most
severe conditions, with all active components producing their maximum short-circuit current,
shall be identified and calculations made to ascertain if protection facilities shall be included in
the system design to prevent such theoretically most severe conditions occurring.

8.7.9 Calculation summary

A complete summary should be provided for the results. Statements should be made on the
suitability of the protective devices provided for the installation.
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9 Interpretation and application of the results

9.1 General
The main purpose of a short-circuit current study is to:

a) obtain the short-circuit current values at specific points in a system network;

b) ascertain that the system’'s components have adequate short-circuit current capacity;

¢) enable circuit protection equipment to be chosen with confidence.

Having calculated the short-circuit current, cognizance shall be given to the specific conditions

and standards used to test protection equipment and to consider these conditions when
applying the results of the short-circuit current calculation.

Furthermore, it should be noted that electrical systems on board ships and offshore
installations, are generally characterized by having large generating capacities, confined in a
small area. Accordingly, the short-circuit current which may occur is relatively high in value
having a low power factor.

9.2 Systems upto1kV

Protective devices used on systems up to 1 kV io protect against short-circuit currents
generally comprise fuses and circuit-breakers.

When selecting circuit-breakers for use on systems up to 1 kV, the following circuit-breaker
short-circuit ratings and test conditions should be obtained:

— rated short-circuit making capacity;

— rated short-circuit breaking capacity;

— contact separation time;

- rated operational voltage;

— power factor.

a) Rated short-circuit making capacity

For all types of circuit-breakers, the rated short-circuit making capacity shall not be less than
the calculated peak short-circuit current j; at the point of installation on the system.

The circuit-breaker's rated short-circuit making capacity shall be its guaranteed value at a
rated operational voltage no less than the nominal system voltage at its point of installation on
the system.

b) Rated short-circuit breaking capacity

The circuit-breaker's rated short-circuit breaking capacity shall not be less than the calculated
prospective short-circuit breaking current. This value shall be obtained by calculating the a.c.
component of the short-circuit current /;.(f) at its point of installation on the system at the time
at which the circuit breaker's contacts separate.

For circuit-breakers for which contact separation can occur in less than 1/2 cycle the circuit-
breaker manufacturer should be consulted with regard to rating.

The circuit breaker's rated short-circuit breaking capacity shall be guaranteed at a voltage no
less than the nominal system voltage at its point of installation on the system, and at a power
factor not greater than the calculated power factor of the prospective short-circuit breaking
current.
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c) Power factor

Circuit-breakers are normally tested with a constant circuit power-factor. Because of the non-
linear and time-dependent nature of the active component impedance during a short circuit, the
power-factor under short-circuit conditions changes constantly. Consequently marine and
offshore a.c. electrical installations do not have a constant power-factor and accordingly the
power-factor shall be calculated at a particular point in time.

Due to the small distances between generators and the consumers on marine and offshore
installations, cables generally have large cross-sectional areas and short lengths, resulting in the
power-factor under short-circuit conditions being less than those used for circuit-breaker tests.

If the power-factor under short-circuit conditions is less than the circuit-breaker tested power-
factor, the circuit-breaker rated short-circuit capacity may be insufficient, even though its rated
short-circuit breaking capacity may be higher than the prospective short-circuit breaking current.

NOTE 1 - The circuit-breaker rated short-circuit making capacity may be less than the calculated peak current (i)
and accordingly the circuit-breaker would be unsuitable.

NOTE 2 — Generally circuit-breakers, tested at power-factors of 0,2 and below, are adequate for use on circuits
having fault power-factors in the range 0,05 to 0,20. But if the circuit-breaker has been tested at a higher power-
factor, (e.g. 0,2 to 0.5). the breaking capacity can be affected because of the change in recovery voltage and the
manufacturer should be consulted.

d) Summary
After being tested, circuit-breakers are assigned the following rating values:
— rated short-circuit making capacity;
— rated shori-circuit breaking capacity;
— rated operational voltage;
— power factor;
— contact separation time.

When installed on a system, the circuit-breaker rated short-circuit making capacity shall not be
less than iy, the calculated peak value of short-circuit current. The circuit-breaker rated shori-
circuit breaking capacity shall not be less than /,c(f) calculated at the circuit-breaker's contact
separation time. The rated operational voltage shall not be less than the circuit nominal voltage
at its point of installation on the system. The power factor shall not be greater than the power
factor of the calculated prospective short-circuit current.

Where there are small differences between the calculated short-circuit current conditions and
the assigned circuit-breaker short-circuit ratings, the circuit-breaker manufacturer should be
consulted prior to using the circuit-breaker. If it is agreed that the short-circuit ratings can be
changed, the manufacture shall be asked for evidence of suitability. Such evidence should
preferably be additional test data.

9.3 Systems above 1 kV

When selecting circuit-breakers for use on systems above 1 kV, the following circuit-breaker
short-circuit ratings and test conditions should be obtained:

— rated short-circuit making capacity;

— rated short-circuit breaking capacity;

— maximum accepiable value of d.c. component;

— circuit-breaker opening time;

— protection relay operating time;

— rated operational voltage.

a) Rated shori-circuit making capacity

The circuit-breaker rated short-circuit making capacity shall not be less than the calculated
peak short-circuit current j, at the point of its installation on the system, and shall be
guaranteed at a voltage no less than the circuit nominal voltage at the circuit-breaker's point of
installation on the system.
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b) Rated short-circuit breaking capacity

The circuit-breaker rated short-circuit breaking capacity shall not be less than the calculated
prospective short-circuit breaking current. This is obtained by calculating the a.c. component of
the short-circuit current, lio(f) at the point in time when the circuit-breaker contacts start to
open. This time shall be the sum of the circuit-breaker opening time and the protection relay
operating time, and may be of the order of 70 ms to 80 ms.

The rated short-circuit breaking capacity shall be guaranteed at a voltage not less than the
circuit nominal voltage at the circuit-breaker’s point of installation on the system.

¢) Maximum acceptable value of d.c. component

The maximum acceptable value of d.c. component at the circuit-breaker opening time shall be
obtained from the manufacturer, and shall not be less than the calculated value of the d.c.
component of the short-circuit current ig.(f) calculated at the circuit-breaker opening time.

The maximum acceptable value of d.c. component value is usually expressed as a percentage
of the peak value of the short-circuit current seen by the circuit-breaker on test, at the opening
time.

For marine and offshore electrical installations, the d.c. component is generally higher than on
other types of networks. |f the calculated value of the d.c. component exceeds that of the
circuit-breaker, the manufacturer should generally be consulted.

d) Power-factor

For systems above 1 kV, circuit-breakers are tested at power-factors of 0,15 and accordingly
such circuit-breakers are generally acceptable for use on marine and offshore a.c. electrical
installations.

e) Summary

For installations having nominal voltages above 1 kV the short-circuit current should be
evaluated at least over a 5-cycle period and I.c(f) and iyc(f) obtained. The peak value should be
calculated.

Using the peak value and a.c. component as a guide, suitable circuit-breakers should be
investigated and their opening time and maximum acceptable value of d.c. component
obtained.

These values should then be compared with the calculated short-circuit current values and
suitable circuit-breakers chosen.
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