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YUKSEK GERILIM ELEMANLARI

HIGH VOLTAGE ELEMENTS
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YUKSEK GERILIM ELEMANLARI

HIGH VOLTAGE ELEMENTS

Burada goreceginiz elemanlar yuksek gerilimde kullanim icin

= Tasarlanmius,
= Uretilmis ve
= Kullanilmakta

olan elemanlardrir.

The elements you will see here are for use at high voltage.
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YUKSEK GERILIM ELEMANLARI

HIGH VOLTAGE ELEMENTS

A. Temel Elemanlar B. Olcme ve Koruma Elemanlar

Basic Elements Measurement and Protection Elements

1. Generatorler (Generators) 1. Akim Transformatoru

2. Transformatorler 2. Gerilim Transformatortu

3. Kesiciler (Circuit-Breakers) 3. Gerilim Boluctler (pividers)

4, Ay1r1c1lar (Disconnectors) 4. Parafudrlar (Lightning Arresters)

5. Hatlar (Transmission Lines) 5. Ark Boynuzlarl (Arc Horns)

6. Direkler (poles, Pylons) 6. Koruma Halkalari

7. Izolatorler (Insulators) 7. Koruma Hatlari

8. Kablolar (cables) 8. Roleler (Relays)

O. Baralar
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YUKSEK GERILIM ELEMANLARI

HIGH VOLTAGE ELEMENTS

C. Kontrol ve Kumanda Elemanlari
Control and Operating Elements
1. Roleler (relays)
2. Kontrol ve Kumanda Devreleri (Control Circuits)

D. Gerilim Ayar Elemanlari
Voltage Adjustment Elements

1. Seri ve Paralel Bagh Reaktorler (Series and Parallel Connected
Reactors)

2. Seri ve Paralel Bagll Kondansatorler (Series and Parallel Connected
Capacitors)

3. Regtlatorler (Regulators)
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YUKSEK GERILIM ELEMANLARI

HIGH VOLTAGE ELEMENTS

Hidro Miknatis
.

* Riizgar

“* Glnes

¢ Jeotermal
* Biyogaz
*» Akarsu

Tiirbin / Generator ~ Elektrik

Dogal Gaz
Uranyum
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SENKRON GENERATORLER

SYNCHRONOUS GENERATORS

Senkron generatorler santrallerde buyuk gliclu alternatif akim
uretirler. Generatorler, genel olarak ikiye ayrilirlar;

1. Turbo Generatorler (Turbo Generators)

2. Cikik Kutuplu Generatorler

¢ Donen elektrik makinalari: motorlar, generatorler
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TURBO GENERATORLER

TURBO GENERATORS
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TURBO GENERATORLER

TURBO GENERATORKRS

Housing ,-,L
i Slip Ring

aaaaaa

Bearing 7 i Rectifier

Stator A Hardware
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SENKRON GENERATORLER

SYNCHRONOUS GENERATORS

500V, 50 Hz
950 kVA
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SENKRON GENERATORLER

SYNCHRONOUS GENERATORS
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SENKRON GENERATORLER

SYNCHRONOUS GENERATORS
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SENKRON GENERATORLER

SYNCHRONOUS GENERATORS
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GUC TRANSFORMATORLERI

POWER TRANSFORMERS

Transformatorler, hareket etmeyen
(donmeyen) elektrik makinalaridir.

¢ Alternatif akimda, ayni glicte
belirli bir genlikteki gerilimi
farkli genlikteki gerilime
cevirirler.

“* Verimleri ytiksektir.

*¢* 1 ve 3 fazli olarak imal edilirler.
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YUKSEK GERILIM GUC TRAFOLARI
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SF6 gaz
Kukirtheksa florir

1 RO

Kuru tip gli¢ trafosu
(Yagsiz, epoksi recine yalitiml trafo)
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YUKSEK GERILIM GUC TRAFOLARI

HV POWER TRANSFORMERS
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YUKSEK GERILIM GUC TRAFOLARI

HV POWER TRANSFORMERS

—————
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DENEY TRANSFORMATORLERI

TEST TRANSFORMERS
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750 kV, 2100 kVA deney transformatoru
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DENEY TRANSFORMATORLERI

TEST TRANSFORMERS
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1500 kV, 1 2 A 4 kath kaskad deney trafosu

[STANBUL TEKNIK UNIVERSITESI ELEKTRIK MUHENDISLIGINE GIRIS - Prof. Dr. Ozcan KALENDERLI Aralik 24



YUKSEK GERILIM AYIRICILARI

HIGH VOLTAGE DISCONNECTORS (ISOLATORS)

0 T . \
= -

Bina dis1 ayirici Porselen mesnet izolatorii
(Outdoor Disconnector - Isolator) (insulator)
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YUKSEK GERILIM AYIRICILARI

HV DISCONNECTORS

Porselen izolatorla
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YUKSEK GERILIM AYIRICILARI

HV DISCONNECTORS

Porselen izolatorlu
bina ici ayirici
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YUKSEK GERILIM AYIRICILARI

HV DISCONNECTORS

Epoksi recine izolatorlu
bina i¢i ayirici



YUKSEK GERILIM AYIRICILARI

HV DISCONNECTORS

Silikon izolatorlu
bina dis1 ayirici
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YUKSEK GERILIM AYIRICILARI

HV DISCONNECTORS

“* Normal ayirici
“* Ortadan acmali ayirici

“* Pantograf ayirici

Pantograf ayirici




TOPRAKLAMA AYIRICILARI

EARTHING SWITCHES

""""""

Topraklama Ayiricisi
(16 kA)
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YUKSEK GERILIM GUC KESICILERI

HV POWER CIRCUIT-BREAKERS

Havali Kesiciler (Air Circuit-Breakers)

Yagll Kesiciler (Oil Circuit-Breakers)

Az Yagh Kesiciler (Minimum Oil Circuit-Breakers)
SF6 Gazli Kesiciler (SF6 Gas Circuit-Breakers)

Vakumlu Kesiciler (Vacuum Circuit-Breakers)

AN L o

. Yuksek Gerilim Dogru Akim Kesicileri (Hvpc Circuit-Breakers)
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YUKSEK GERILIM GUC KESICILERI

HV POWER CIRCUIT-BREAKERS

Ve ‘;
M. '

Ustayi elektrik carparsa, Soldaki is glivenligi uzmani

sopayla vurup akimi kesecek hazir bekliyor.. :))
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HAVALI GUC KESICILER

AIR POWER CIRCUIT-BREAKERS
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YAGLI KESICILER

OIL CIRCUIT-BREAKERS

~ 10 kV 400 A
" TAM YAGLI KESIiCi
ZWAN

TAM YAGLI KESIC

10 kV 350 A

CHARLEROI
1928
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A7 YAGLI KESICILER

MINIMUM OIL CIRCUIT-BREAKERS

10 kv 1000 A
AZYAGLI KEsjcj
AEG
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SF6 GAZLI KESICILER

SF6 GAS CIRCUIT-BREAKERS

Onden kumandal Yandan kumandali
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VAKUMLU KESICILER

VACUUM CIRCUIT-BREAKERS

Porselen Govde

Sabit Kontak

Hareketli Kontak

| N Ekran

Koruk
Hareketli Kontak
Kilavuzu

Hareketli Kontak Ucu
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VAKUMLU KESICILER

VACUUM CIRCUIT-BREAKERS

é_ Terminal l

h Vakum hiicresi —
| " Epoksi recineli goz 2
i —
28 Koruyucu kapak =

»
—

Koruyucu

Seramik govde

) 'a" ,.
|

Yogunlastirici
> Kontaklar
= Hareketli kontak
% Koruyucu kapak
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YUKSEK GERILIM GUC KESICILERI

HV POWER CIRCUIT-BREAKERS
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Yalitilmis gt')deli (lie tank)
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ENERJI ILETIM HATLARI

POWER TRANSMISSION LINES

Toprak Teli

Tasiyic1 Kol “h
' e

e «— Damper
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ENERJI ILETIM HATLARI

POWER TRANSMISSION LINES

e,

Hatlarda Kullanilan Iletken Tiirleri:
Bakir

Aliminyum

Aldrey

Kadmiyum-Bakir

Galvanize Celik

Fosfor-Bronz

Orgulu Bakir-Celik

Orgili Aliminyum-Celik

O N OV A WN R
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ENERJI ILETIM HATLARI

POWER TRANSMISSION LINES Hat Hirdavat Malzemeleri

Celik Ozlu
Aliiminyum Iletken

r
| _'I'T_"III.LZ'LW"I __/l

, cfe‘-

AN » Conductor Com te Core
D20 kemil ACCC/TW Cable

Cable Outside Diameter 1.108 Inch

L5
B
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DEMET ILETKENLI HATLAR

BUNDLE CONDUCTORS

ikili demet iletkenli hat

Ara-tutucu (spacer)
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DEMET ILETKENLI HATLAR

BUNDLE CONDUCTORS

Uclii demet iletkenli
hat
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Dortli demet iletkenli hat

DEMET ILETKENL

BUNDLE CONDUCT
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DIREKLER

POLES, PYLONS

A. Yapilarina Gore;
1. Agac Direkler
2. Beton Direkler

3. Demir direkler
B. Tasidiklar1 Devre Sistemine Gore;
1. Dogru Gerilim
2. Alternatif Gerilim
a. Tek Devreli
b. Cift Devreli
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DIREKLER

POLES, PYLONS

Y

Agacg Direk

[STANBUL TEKNIK UNIVERSITESI
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DIREKLER | '\ S

POLES, PYLONS
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DIREKLER

POLES, PYLONS C. Islevlerine Gére
A 1. Tasima Direkleri
a. Normal Tasiyic1 Direkler
b. Kosede Tasiyici Direkler
2. Durdurucu Direkler
a. Normal Durdurucu Direkler
b. Kosede Durdurucu Direkler
D. Dagitim Direkleri
E. Transformator Direkleri
F. Gerilim Kesicilerini Tasiyan Direkler
G. Son Direkler
H. Gecit Direkleri
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KAFES DIREKLER

TOWERS
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KAFES DIREKLER

TOWERS

)
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FANTASTIK DIREKLER

FANTASTICS TOWERS ,-

Yiirtiyen devler - izlanda
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FANTASTIK DIREKLER

FANTASTICS TOWERS

A
AN Ay

Yuruyen devler - Kore (solda) - Marsilya (sagda)
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FANTASTIK DIREKLER

FANTASTICS TOWERS

Yiriyen devler - Norvec (solda) - Izlanda (sagda)
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FANTASTIK DIREKLER

FANTASTICS TOWERS

r ] 7

Disney’e hosgeldiniz diregi — Orlanda - Florida
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YUKSEK GERILIM IZOLATORLERI

HIGH VOLTAGE iINSULATORS

A. Yapilarina Gore;
1. Mesnet Tipi
a. Normal Tip
b. Sis Tipi
2. Aski Tipi
a. Tek Elemanli Aski Tipi
b. Co( Elemanli Aski Tipi
3. GecitIzolatoru
a. Cubuk Tipi
b. Kapasitif Tip
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YUKSEK GERILIM IZOLATORLERI

HIGH VOLAGE INSULAT B. Kullanildiklar1 Yere Gore;

\ 1. Binaici (Dahili) Tip
2. Bina dis1 (Harici) Tip

C. Kosullara Gore;
1. Normal Hava Kosullarina Gore
2. Agir Hava Kosullarina Gore

| ¥ ok A D. Malzemesine Gore;

" 1. Porselen Izolatorler

Yo < 2. Cam Izolatorler

3. Epoksi Recineden Yapilmis
[zolatorler

4. Silikondan Yapilmis Izolatérler

5. Silikon-Kaucuk Izolatérler
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MESNET IZOLATORLERI

POST INSULATORS
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PORSELEN MESNET IZOLATORLERI

PORCELAIN POST INSULATORS
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CAM MESNET IZOLATORLERI

GLASS POST INSULATORS

=
T
=

!

Vs e
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EPOKSI RECINE MESNET
[ZOLATORLERI

EPOXY RESIN POST INSULATORS

: :
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KOMPQZIT - SILIKON - PQLIMER

EPOKSI RE

SILICON POST INSULATO

gINE MESNET IZOLATORLERI



MESNET IZOLATORLERI

POST INSULATORS
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ZINCIR IZOLATORLERI

STRING INSULATORS
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[ZOLATOR ZINCIRI

INSULATOR STRING
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CUBUK IZOLATORLER

ROD INSULATORS




[ZOLATORLER

INSULATORS -
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TRANSFORMATOR GECIT IZOLATORLERI

TRANSFORMER BUSHING INSULATORS
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TRANSFORMATOR GECIT IZOLATORLERI

TRANSFORMER BUSHING INSULATORS

.
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TRANSFORMATOR GECIT IZOLATORLERI

TRANSFORMER BUSHING INSULATORS
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TRANSFORMATOR GECIT IZOLATORLERI

TRANSFORMER BUSHING INSULATORS
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DUVAR GECIT IZOLATORU

WALL BUSHING INSULATORS

Duvar veya kazan

YG Gegit Iletkeni

Gecit izolatoru
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DUVAR GECIT IZOLATORU

WALL BUSHIN

G INSULATORS
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DUVAR GECIT IZOLATORU

WALL BUSHING INSULATORS

wall bushing
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GECIT IZOLATORU

BUSHING INSULATORS o

BUJI

SPARK PLUG

Kacak akim engelleri

Izolator

Talk halkali i¢ conta

Parazit filtreleme direnci

Sizdirmazlik halkas:

Metal muhafaza
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YUKSEK GERILIM KABLOLARI

HIGH VOLTAGE CABLES

[STANBUL TEKNIK UNIVERSITESI

Kablolar enerji tiretim, iletim ve dagitim
asamalarinda, cesitli yerlerinde baglanti
elemani olarak kullanilirlar.

Genel olarak kablolar;

e Kaucuk Yalitkanh Kablolar

e Kagit Yalitkanli Kablolar

e Plastik Yalitkanli Kablolar

e Basincli Gazli Kablolar

e Yiiksek Dogru Gerilim Kablolari
diye siniflandirilabilir.
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YUKSEK GERILIM KABLOLARI

HIGH VOLTAGE CABLES
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YUKSEK GERILIM KABLOLARI

HIGH VOLTAGE CABLES

Aralik 24 @
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KABLO BASLIKLARI

CABLE TERMINATIONS
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KABLO EKLERI (MUFLAR)

CABLE JOINTS
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YUKSEK GERILIM KABLOLARI

HIGH VOLTAGE CABLES
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YUKSEK GERILIM

HIGH VOLTAGE CABLES
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YUKSEK GERILI

HIGH VOLTAGE CABLES
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BARALAR

BARS

Baralar bluyuk akimlarin iletilmesi icin, 6rnegin baglama ve
transformator merkezinde ve de alcak gerilim kablolarinda
kullanilan yalin cubuklardir.

Genelde bakir ve aliiminyumdan yapilir.

Bara kanallar1 6zellikle otomotiv, tekstil, mobilya vb. hizli
gelisen isletmelerde; sergi salonlarinda, is merkezlerinde,
otellerde, depolarda ve yuksek katli yapilarda ana kolon
olarak katlara dagitim yapmak icin kullanihir.
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BARALAR

BARS
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AKIM VE GERILIM OLCU TRAFOLARI

CURRENT AND VOLTAGE TRANSFORMERS

Buyuk akim ve ytliksek gerilim degerlerinde ekonomik ve pratik
sebeplerden dolayi, ayrica insan hayatini tehlikeden korumak icin ol¢u
aletleri, koruma-kumanda ve ayar kontrol cihazlar1 devreye daima bir
olcii transformatort tizerinden baglanir. Olcii transformatérleri
kullanildiklar: yere ve olctukleri degere gore iki tiptir;

1. Akim Transformatorleri

2. Gerilim Transformatorleri
Olcii transformatorlerinin kullanim amaci;

1. Olgme

2. Koruma

3. Kontrol, Kumanda ve Ayar

4. Yaltim (Izolasyon)
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AKIM VE GERILIM OLCU TRAFOLARI

CURRENT AND VOLTAGE TRANSFORMERS

Akim olc¢u trafosu Gerilim ol¢u trafosu
Current transformer Voltage transformer
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AKIM OLCU TRAFOLARI

CURRENT TRANSFORMERS
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GERILIM OLCU TRAFOLARI

VOLTAGE TRANSFORMERS
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GERILIM OLCU TRAFOLARI

VOLTAGE TRANSFORMERS

d
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GERILIM BOLUCULER

HV VOLTAGE DIVIDERS

Yuksek gerilimde 6lcme, bilinen yontemler ile zor hatta imkansiz
olabilir. Bu nedenle ytliksek gerilimde 6lgme yontemlerinden biri
gerilim boluculerle 6lgmedir. Genel olarak gerilim boltuctler;

1. Ohmik Gerilim Bolucusu (Resistive Voltage Divider)
2. Kapasitif Gerilim Bolucusu (Capacitive Voltage Divider)

3. Karma Gerilim Boluictuisu (Mixed (R-C) Voltage Divider)

diye siniflandirilabilir.
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GERILIM BOLUC,,?“

HV VOLTAGE DIVIDERS
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PARAFUDRLAR

LIGHTNING ARRESTERS

b
=

[

—

Parafudrlar, salt donanimlarini agiri
gerilimlerin etkilerine karsi korurlar.

[ki tip parafudr vardir.
e Seri Atlama Araliklh Parafudrlar
e Metal Oksit Parafudrlar

ISTANBUL TEKNIK UNIVERSITESI ELEKTRIK MUHENDISLIGINE GIRIS - Prof. Dr. Ozcan KALENDERLI Aralik 24 @



PARAFUDRLAR

LIGHTNING ARRESTERS
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PARAFUDRLAR

LIGHTNING ARRESTERS

é»,_ Aluminyum kapak
V= el Y P

Silikon kaucuk govde

Metal-oksit
direncg bloklari

Fiberglas cubuklar

—
c

Aluminyum kapak
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PARAFUDRLAR

LIGHTNING ARRESTERS
.
W
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PARAFUDRLAR

LIGHTNING ARRESTERS
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PARAFUDRLAR

LIGHTNING ARRESTERS
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ARK BOYNUZLARI VE
KORUMA HALKALARI

ARC HORNS AND CORONA RINGS

Ark boynuzlari, 6zellikle transformator gecit
izolatorlerinde ve izolator zincirlerinde cokca
kullanilmaktadirlar.

Asiri bir gerilim ark boynuzlarina eristigi zaman, eger
atlama aralig1 uygunsa boynuzlar arasindan atlayarak
bu gerilimin, boynuzlarin bagh oldugu izolator, gecit
izolatori wv.s.ye zarar vermeksizin topraklanmasi
saglanir.
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ARK BOYNUZLARI

ARC HORNS
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KORUMA HALKALARI

CORONA RINGS
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KORUMA HATLARI

GROUND WIRES

Yuksek gerilim enerji iletim iletim sistemlerinde kullanilan,
pahali olmasina karsin kullanilmasi kacinilmaz olan bir
koruma yontemidir.

Koruma hatlarinin gorevleri;
1. Faz iletkenlerini yi1ldirim dusmesine karsi korumak.
2. Faz iletkenlerini yuklu bulut etkisinden korumak.
3. Iletim hattindaki izolatorleri korumak

4, Salt sahasindaki yalitimi saglayan malzemeleri
“ekranlama” yaparak korumak.
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KORUMA HATLARI

GROUND WIRES
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KORUMA HATLARI

GROUND WIRES
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ROLELER

RELAYS

e Buchholz Rolesi
e Dusuk Gerilim Rolesi
e Kontakli Gerilim Rolesi

e Termik Asir1 Akim Rolesi

e Toprak Kisa Devre Rolesi

o Uc Fazli Generatorlerde Gerilim Ayari ve Regiilatorler
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BUCHHOLZ ROLESI

BUCHHOLZ RELAY

Yag seviye gostergesi
Hava Kurutucusu

Yag doldurma agz

Genlesme kab

Kadranh kontakh termometre

Buchholz rélesi

Gug plakas:

Terminal kutusu

Yai rezervuar
tanki

Buchholz
rilesi

Dalgal kazan

Tekerlek

-~
%5 Egim
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DUSUK GERILIM ROLESI
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ASIRI AKIM ROLELERI

OVER-CURRENT RELAYS

ISTANBUL TEKNIK UNIVERSITESI ELEKTRIK MUHENDISLIGINE GIRIS - Prof. Dr. Ozcan KALENDERLI Aralik 24 @



ASIRI AKIM ROLELERI

OVER-CURRENT RELAYS

VAP 140 .

dvercurrent and Earth-fault Relay
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UC FAZLI REGULATORLER

REGULATORS
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YUKSEK GERILIM KONDANSATORLERI

HIGH VOLTAGE CAPACITORS
=5

Bir fazli kondansatorler Uc fazli kondansatorler
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YUKSEK GERILIM KONDANSATORLERI

HIGH VOLTAGE CAPACITORS

Bir fazli kondansatorler Uc fazli kondansatorler
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TRAFO MERKEZLERI

TRANSFORMER SUBSTATIONS
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TRAFO MERKEZLERI

TRANSFORMER SUBSTATIONS
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TRAFO MERKEZLERI

TRANSFORMER SUBSTATIONS
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TRAFO MERKEZLERI

TRANSFORMER SUBSTATIONS

Soganlik GIS Trafo Merkezi Umraniye GIS Trafo Merkezi
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BETON KOSKLER

CONCRETE KIOSKS
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YUKSEK GERILIM SIGORTALARI

HIGH VOLTAGE FUSES
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SIGORTA ALTLIKLARI

FUSE BASES
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YUKSEK GERILIM
BARET, ELDIVEN VE CIZMELERI

BARRETS, GLOVES AND BOOTS
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YUKSEK GERILIM (IZOLE) SEHPALARI

HIGH VOLTAGE INSULATION FOOTSTOOLS
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YALITKAN (iZOLE) HALILAR

INSULATION MATS
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MANEVRA VE TOPRAKLAMA
ISTAKALARI VE UYARI LEVHALARI
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ELEKTRIK FATURASI

ELECTRICAL INVOICE
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ELEKTRIK MUHENDISLIGINE
GIiRI$ VE MUHENDISLIK ETIGI

Sevgiler, Basarilar ...
Prof. Dr. Ozcan KALENDERLI
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