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1.TARIHCE VE GENEL




1.TARIHCE VE GENEL
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1. TARIHCE VE GENEL = EcEhErmmm

K WSS

TARIHCE

1830 larda HENRY ve FARADAY elektromiknatislari Uretip
kullandilar,

1878 — 1883 lerde Budapeste'de GANZ firmasi muhendisleri
enduksiyon bobinlerini Uretip isiklandirma sistemlerinde
kullandilar. Bu ilk TOROIDAL bir trafo modeli idi. Resimde,
simdi Deutsche Museum Munih de bulunan 1885 yapimi bir
trafo gorillyor. Bir caydanliga benziyor?

Ayni yillarda USA, Italya, Almanya, Japonya’da da benzeri
trafolar Uretilmistir.




1.TARIHCE VE
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1.TARIHCE VE GENEL

Trafolar, 125 yildir gelistiriimekte olan Grunlerdir.

Teknolojileri degismemekle birlikte, agirliklari, boyutlari, performans
parametreleri, linite glicleri degismistir.

Gerilimleri, cok ylkselmis, dizayn kriterleri, Gretim teknolojileri iyilestirilmis,
proses kontrolleri cok hassaslastirilmistir.

Bu alanda galisacak mihendislerin bagarisi igin gok gerekli temel bilgiler
MATEMATIK — FIZIK —KIMYA - MALZEME
+

ELEKTROTEKNIK — MANYETIK —ELEKTRIK ALANLARI — TRAFOLARA AIT
BILGILER




1.TARIHCE VE GENEL FrEnctovn o codsohents

K WSS

Trafolarla ilgili global birlikler ve standardlar

CIGRE =(International Council on Large Electric Systems), standardlari
IEC =(International Electrotechnical Commission)

IEEE =(Institute of Electrical and Electronics Engineers) , standardlari
ANSI =(American National Standards Institute )

EN =(European Norm)

TS =(Turk Standartlan)

GOST=(Rusya Standardlan)

Diger ulkelerin milli standartlari...

Her Glkenin milli standartlar, o llkenin gelismislik seviyesinin en onemli
gostergelerinden biridir. Standartlari  uygulamak yalniz maliyetleri
dustrmekle kalmaz,urinlerin bozulan, asinan parcalarinin kolayca
bulunup  yenilenmesini  saglar.Uluslararasi  standartlara  uyum
gostermeyen milli standartlar (6rnegin GOST gibi) uluslararasi ticarette
bayuk glclik cikarmaktadir.
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2 .MANYETIK MALZEME OZELLIKLERI
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Tum trafolarda gecerli olmak Uzere;

Manyetik devre hesaplamalari icin 6nce manyetik malzemelerin (CRGO)
dzelliklerini gosteren Hysteresis egrilerine bir goz atalim.
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CORE LOSS CURVE

Induction (Tesla)

7.65 g/cm3

CORE LOSS
23 ZDMH 85 — 0.23 mm —
Tested by Epstein test apparatus.
Samples were sheared in the
rolling direction and subjected to
stress —relief annealing at 800°C
(1,472°F). Assumed density is
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Induction B (Tesla), (x10; Kilogausses)
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2 .MANYETIK MALZEME OZELLIKLERI
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1935 yili uretimi 20 KVA
Agirhk : 267 kg

Bugiinkii agirlik : 30 kg

4
Kaynak : Steel Today & Tomorrow ( March 2002 )



2 .MANYETIK MALZEME OZELLIKLERI Mk T

Uretim Maliyeti

Kayiplar

Trafo agirhg (kg)

kW

Kayip kapitalizasyonu ve trafonun optimum dizayni :

Uretim Maliyeti
+

Kayiplann Parasal Degeri

Uretim Maliyeti

Kayiplann parasal
degeri

Trafo agirhdi (kg)

Total trafo maliyetinin iki bileseni vardir:

1.Satinalma ve tesis maliyeti

2.Kullanildigi muddetce operasyonel maliyet

Kaynak:ABB Transformer Handbook




3.UYGULAMADA TRAFO CESITLERI  RaEhSaam/

iy WCESE

DUSUK GERILIMLI KUGUK TRAFOLAR VE
ENDUKTORLER

Elektronik  sanayisinde  kullanilan mini trafo ve
enduktorlerde hesaplar, dizaynlar daha basit ve sade, ancak
uretim otomasyonu gerektiriyor. Clnku kullanim adetleri
yuz binler-milyonlar mertebesindedir. Bu Urtnlerin manyetik
devrelerinde normal trafo saclarinin yaninda, ileri malzeme
(advanced material) denen, amorf metal, nano kristallin,
ferrit gibi malzemeler kullanilir.

Ileriki sayfalarda bu tip trinler goruliiyor




3.UYGULAMADA TRAFO CESITLERI

1 fazli alcak gerilim toroidal guic trafolari




3.UYGULAMADA TRAFO CESITLERI

Klcuk enduktorler (sok bobinleri)




Toroidal trafolarin disindaki trafolarda , genellikle iki tip manyetik devre
vardir :

—

MANTEL TIPI (shel type)

CEKIRDEK TIPI ( leg type) 9
R 21



3.UYGULAMADA TRAFO CESITLERI =  &&& B

GLOBAL OLARAK GERILIM STANDARDI UYGULAMALARI
Alcak gerilimler (AG) : 110 - 220 — 380 (400) —( 500 — 660 -1000) VOLT

Orta gerilimler (0G) : 6—10—-11(12)— 15-20 — 30-—35KkV

Izolasyon seviyesi (kV) 12 24 36

Yuksek gerilimler (YG) : 66—110—- 132-  154- 220 kV

Izolasyon seviyesi(kV) 110 145 170 245

Ultra yiksek gerilimler (UYG): 330 — 400 — 500 — 765 (800) — 1150 (1200) kV

Izolasyon seviyesi (kV ) 500 800 1200

Trafo Uretim atolyeleri ve test lab.lar1 bu izolasyon seviye gerilimleri
Nazara alinarak techiz edilir.




3.UYGULAMADA TRAFO CESITLERI

OLCU TRAFOLARI

Akim trafolari ve gerilim trafolari olarak Uretilir.

Ampermetrelerin ve voltmetrelerin direkt olarak 6lcemeyecek kadar
buyilk degerleri, dlcebilecek seviyelere getirmek icin bu dlct trafolari
kullanilir.

Primer ve sekonder devreleri elektriksel olarak bagimsiz oldugundan,
akim ve gerilim seviyeleri farkli olan devreler arasinda izolasyonu da
saglar. Akim ve gerilimin dlctilmesinde araci rolii oynayan bu cihazlarda
hassasiyet cok o6nemlidir.  Ilgili standartlarda hassasiyet siniflari
verilmistir. Baz tipleri koruma gayelidir, 6rnegin roleleri .

Ileriki sayfalarda muhtelif tiplerde dlcl trafolar goriliyor.




3.UYGULAMADA TRAFO CESITLERI

1. Bushing Type Current Transformers ( up to 800 kV )

1.5. Subassemble CT’s ( Aluminium Assembled CT's )
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1. Bushing Type Current Transformers ( up to 800 kV )

1.7. Subassemble CT’s ( Cast Resin Insulated CT's )




Alcak gerilimde akim
trafolari




Orta gerilimde akim trafolari

e =
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Orta gerilimde gerilim trafolan

ERE2 ERES EREM




3.UYGULAMADA TRAFO CESITLERI

Yuksek gerilimde akim trafolari




3.UYGULAMADA TRAFO CESITLERI

Transformer Components

Yuksek gerilimde gaz izoleli olcui trafolan

Gas Insulated Current
Transformer

TAG

Pressure Relief
Device

Insulator

TAG 145 kV

Gas Insulated Voltage
Transformer

TVG

HV Primary

Pressure Relief T
ermmal

Device

Core.__

Insulator

TVG 145 kV

Gas Insulated Combined
Measuring Transformer

AVG

Pressure Relief
Device

Current
Transformes

Shield

Insulator

AVG 145 kV







4 .DAGITIM TRAFOLARI =

Dagitim trafolari, (AC) orta gerilimli 1 ve 3 fazli dagitim
sebekelerinde kuru ve yagl tipler olarak, 6 — 36 kV
gerilimlerde ve 25 -25 000 kVA guclerde goraldr.




4 .DAGITIM TRAFOLARI

o yoke
main l\r_nb end limb \

‘ / \

U Im

(a) (b) (¢)
main yoke end yoke  end limb
“ \
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limb
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Various types of cores.




4 .DAGITIM TRAFOLART ENFAX

Power and Distribution Transformer Cores

45° Step-lap GO Steel Cutting Line

| 45° Core cutting Capacity 40,000
_' Tons/year.ENPAY can provide laminations at
the required type of core steel as per the
required dimensions and customer drawings.

IS




4 .DAGITIM TRAFOLART =ILE ALY
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Fig. 4.2. Types of core stackings for three phase transformers




4 .DAGITIM TRAFOLARI

Manyetik trafo saglarinin istiflenme sekilleri
STEP-LAP DIZIM

Cross-step Longitudinal-step
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Fig. 4.3. Cross-step step-lap construction
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Transformer Components
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4 .DAGITIM TRAFOLARI

Sargilarin Maruz Kaldigi
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4 .DAGITIM TRAFOLARI

Icteki sargi ice dogru,
Digtaki sargi disa dogru
Itilir.

Innere Wicklung
Aeussere Wicklung
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teIIerlnln dlnamlk kuvvetler etk|SIy|é yerlerlnden =
Oynamamasini saglamak icin, ylizeyleri epoksi yapiskanli
Kat yalitkanlar kullanilir (thermopox)
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Dagitim trafolarinda AG sargilarinin, bakir ya da alu.
folyolarla sariimasi, kisa devre kuvvetlerine dayanimi ve
iyi bir 1s1 dagihmi saglar
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Ust boyunduruk saclari monte ediliyor, saclarin birlesim
yerlerinde hava araligi kalmamal
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Aktif kisimlar kurutma
firninda




4 .DAGITIM TRAFOLARI

Aktif kisim tanka indiriliyor
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Vakumda yag doldurulmus
Trafo teste gidecek




4 .DAGITIM TRAFOLARI

Dalga duvarli tanklar
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ONAN cooling.




Hermetik tip, Genlesme depolu tip,
Dalga duvarli tank Radyatorlu tank




Co2 Emisyonunu azaltmak icinb CRGO saclar yerine AMORF Metal saclarla
uretilen trafolar son yillarda tum dunyada buyuk tesvik gormektedir.

B(T)
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5.AMORF METAL NUVELI DAGITIM TRAFO| "SRt

You see the graph of losses and efficiency comparison below in amorphous
sheet and CRGO steel.
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5 AMORF METAL NHUVE!_I DAGITIM RAFOL

e n 1. W S

Amorphous Metal Gap Core
For Distribution Tranformers

Advantages of Amorphous Metal

» Easy Magnetisation ( Low coercivity, low hysteresis loss, high
permeability )

» Low Magnetic Losses ( Low coercivity, low eddy current loss, high
permeability, high resistivity )

» Fast flux reversal ( Low magnetic loss )

» Best performance under harmonics ( Non Linear Loads )

Amorphous Metal Core ENSI ® Core
gy Hysteresis S Hysteresis
Current Current
Losses Losses
Losses Losses
Linear Loads 33% 67% 67% 33%
Non Linear 3 :
1,3 x Linear loads 1,8 x Linear loads
Loads




Amorphous Metal Gap Core
For Distribution Tranformers

Coil and Assembly
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5.AMORF METAL NUVELI DAGITIM TRAFOLAR

Amorphous Metal Gap Core
For Distribution Tranformers

Coil and Assembly




5.AMORF METAL NUVELI DAGITIM TRA

1 fazli direk tipi orta gerilim dagitim trafosu

SINGLE-PHASE POLEMOUNT

OVERHEAD
DISTRIBUTION
TRANSFORMERS

COVER BAND

PRESSURE RELIEF VALVE
Relief pressure set to
customer specifications.

MOUNTING BRACKET _/F

Direct-to-pole type <

LIFTING LUG. Formed
to prevent damage
to rope slings

NAME PLATE

SPACER BLOCKS

HIGH VOLTAGE BUSHINGS,
Cover or sidewall mounted —
options available.

SEALED COVER
Incorporates standard
or optional H.V.
bushings.

LOW VOLTAGE
BUSHINGS. Spade type
terminals or eyeboits.

COPPER GROUNDING
STRAP.

x COIL/CORE MOUNTING

BRACKET. Tab
locked to tank

TRANSFORMER TANK
Incorporates mounting
provisions for any

specified customer options.




SINGLE-PHASE
OVERHEAD
DISTRIBUTION
TRANSFORMERS







5.AMORF METAL NUVELTI

Rizgar direkleri icine sigacak
sekilde dar yuksek trafo




6.GUC TRAFOLART ;

Modern bir gig trafosundan istenen ozellikler

A. Hassas bir elektromanyetik alan hesabi
+ girdap (eddy) akimi ve dagilma (stray)kayiplari minimizasyonu
+ ylksek kayip kapitalizasyon kabiliyeti

B. Sistemdeki uist gerilim dalgalanmalarina dayanim
+ glvenilir YG yalitim dizayni

C. Kisa devreye dayanikh dizayn
+ dinamik 6zellik analizi
+ kontrollt Gretim prosedir(

D. Su kisimlarda hot spot eliminasyonu
+ nlive, sargilar ve metal yapi parcalari

E. Robust bir metal yap: dizayni
+ sismik dayanim, transport streslerine dayanim kabiliyeti

F. Diusik girilti seviyesi




6.GUC TRAFOLART NP ALY

e

— i —

Son 20 yildir trafolarin hesaplanmalari bilgisayar programlari ile cok kola
hale gelmistir. Ancak hesap sonuclarini muhakeme edebilmek ve yorum
yaparak, en ekonomik ve istenen spesifikasyona en uygun olana ulasmak
icin asagidaki konulari iyi bilmek gerekir:

MANYETIK DEVRE BiRIMLERI - AMPER SARIM KANUNU-BOBINLERIN (Z
INDUKLEMI-MANYETIK ENERJI - ENDUKSIYON KANUNU-ALTERNATIF
AKIMIN OMiK, ENDUKTIF, KAPASITiF GERILIM DUSUMLER] - COK FAZLI
AKIM SISTEMLERI

Hesaplar su ana kisimlardan olusur:

1.Manyetik devrenin hesaplanmasi

2.Elektrik devresinin hesaplanmasi

3.Isinmanin hesaplanmasi

4.Kazan ve diger mekanik parcalarin hesaplanmasi
5.Maliyet, verim vs gibi diger hesaplar




6.GUC TRAFOLARI

Yagh Guic Trafolarinda Ana Parcalar

A — MANYETIK DEVRE

B — SARGILAR

C — YALITKANLAR

D — TANK

E — KADEME DEGISTIRICILERI
F - DIGER AKSESUAR

Simdi onlari gorelim.




6.GUC TRAFOLARI = RcEhdadaly

A.MANYETIK DEVRE

Iyi bir ntive dizayninda en 6nemlisi calisma endiiksiyonu secimidir

-Malzeme maliyetini etkiler

-Guraltd seviyesini etkiler (0,1 Tesla da 2 dB)
-Nuve saclarinin birlesim yerleri cok onem kazanir
-Asiri exitasyon kondisyonu dikkatli belirlenmelidir

En ince HI-B saclardan Uretilen laminasyonlar,daha
Yuksek enduksiyon secimini saglar,
Kayip kapitalizasyon degeri yuksek olur




6.GUC TRAFOLARI Rathhaely

K WSS

A.MANYETIK DEVRE

Uretim proseslerinin nuve kayiplarina etkisi

-Dilme ve kesme islemleri: mekanik stres ve capak yapar
-Dikkatlice yapilan islemler: kayiplarin azalmasini saglar
-Boyunduruklarda saplamalar: ilave kayiplar arttirir

-Nilve kose cikintilari: titresim ve glriltiyl cogaltir
-Capaklarin etkisi: (genellikle limit max.20 mu. kesim bicaklari
cok sik bilenmelidir

-Yukardaki sayilanlar laminasyonlarin grain lerine etki ederek
kayiplarin artmasina sebep olur




6.GUC TRAFOLARI ,

A.MANYETIK DEVRE
Nive kayiplart:

1.Malzeme kayiplari

-Klasik Hysteresis kayiplari ya da DC Hysteresis
-Klasik girdap(eddy) akim kayiplari
-Anormal kayiplar (domainlerin devinimi)

2.Islemi bitmis niivelerdeki ilave kayiplar,
( yapim faktorl olarak da tarif edilebilir)

-Rotasyonel Hysteresis (T birlesim yerlerindeki rotasyonel
magnetizasyon ile meydana gelir)

-Distorsiyona ugramis Flux gorintusu (birlesim yerlerindeki lokal
doymalarla meydana gelir)

-Inter-laminar girdap (eddy) akimlari (laminasyonlar arasindaki kisa
devreyle meydana gelir

-Diger irregular olaylar (kros-fluxlar, magnetik uc capaklari vs)
-Uretimde meydana gelen etkiler (ellegler, kesme, dilme isleri vs)




6.GUC TRAFOLARI

A.MANYETIK DEVRE
NUVE KAYBINI ETKILEYEN FAKTORLER

Factors Affecting the Core Losses

| Hysteresis/Eddy/
Anomalous losses

Materials

BT
| ['hickness

{ Insulating coating

Type of joints

Design Gap at joints

.‘
[
{ Overlap Length
|
[
I

| No. of laminations/Lay

|
| Amount of corner weight

: T o
Manufacturing | Manual/CNC
practices

| S — —d

3 N WO, =i \
Handling/Cutting/Slitting/Storagg




6.GUC TRAFOLARI ,

A.MANYETIK DEVRE

NUVE MODELLEMELERI

2-D FEM analizleri buyuk o6lctde flux dagihmi ve kayiplar Gzerine
calismak icin kullaniimaktadir

- Komplex manyetik 6zellikleri:Non-linear,anisotropic ve hysteretic
- Komplex geometrileri:laminasyonlu ve heterojen
- 3-D analiz:0zel laminasyonlarin modellemesinde elverisgsizdir

FEM modelleme:oldukca dogru ve sayisal olarak verimli yaklagimdir
- Anisotrop Ozellikler:eliptik model yaklasim
- Hysteretik 6zellikleri:Jiles-Atherton modeli ve Preisach modeli

Komplex permeabilite yaklasimi:buyuk dlcude trafo Nuvelerinin
yuksek frekans modellemesinde kullanihr




6.GUC TRAFOLARI

A.MANYETIK DEVRE
NUVEDE GURULTU VE TITRESIM

Noise and Vibrations in Cores

Magnetic forces: Magnetization and magnetostriction forces

Magnetization force: between surfaces of laminations and in
joint regions, computed using virtual work method

Magnetostriction: change in dimensions of laminations due to
magnetization, computed using Maxwell stress tensor method

Structural

dradiots ~f NjQe .
Prediction of noise: Analysis

Magnetostriction or
Magnetization forces
EM Field </
Analysis

€S L Vibrations
of tank plates
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B.SARGILAR

Son yillarda gelistirilen sargi dizayniyla su faktorler iyilestirildi:
-dielektrik faktorleri

-kisadevre dayanimlari artt

-elektromanyetik eddy/girdap akimlari azaltildi
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B.SARGILAR

Sargi iletkenlerinin segimi

. i’jr"—" -
(strip) (bunch) o
Mustakil teller Iki paralel tel demeti Devrik sistem

Dizaynda yapilan etidler:

-girdap(eddy)kayiplarinin azaltilmasi
-dolgu faktorinln iyilestirilmesi
-maliyet-karlilik analizi

Girdap/eddy kayip evaluasyonu ve
Optimizasyonu icin 2D ve 3D FEM
Programlar kullanilir
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B.SARGILAR




6.GUC TRAFOLARI

B.SARGILAR

Sargilardaki kisa devre kuvvetleri ve
dayanim

Elektromanyetik kuvvetlerin hesaplanmasinda
Temel formul (vektoriyel olarak)

F= LIxB

burada, B kacak alan yogunlugu vektordq,
I akim vektoru ve L sarginin uzunlugu dur.

Yandaki sekilde Fraksiyal kacak flux yogunlugunun
meydana getirdigi radyal kuvveti, Fa ise radyal kacak
flux yogunlugunun meydana getirdigi aksiyal kuvveti
gosteriyor.
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C.YALITKANLAR

AKTIF KISIM
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C.YALITKANLAR

Transformerboard ( ENBOARD ) Production Hall
Hot Press

Board Machine
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C.YALITKANLAR

TRANSFORMERBOARD UNITESI
Wy -

Y |
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C.YALITKANLAR
SELULOZ BAZLI KATI YALITKANLAR

TRANSFORMERBOARD/PRESSBOARD
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C.YALITKANLAR

Inner winding
Outer winding

| , Outer winding
i - i re | b
Inner winding or end limk .
1
- - \
|, Angle ring .
/' - [ - | .\"?L.Ek‘ ..A.lp
r el = 1
| w :
! ":. L __i .-Jj LRI td
; 5 (o (o [ i i |
S Tt e [ UCHCT i
I i 1]
1L 17! e
e Inside diameter Qutside diameter

()u:\idcfdémmter

An angle cap placed at the outside diameter of an inner winding.

Ancle ring » . » o3z . sl
Angle ring at the inside diameter of an outer winding.
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C.YALITKANLAR

HV Insulation Components up to 1200 kV

Snouts-Chimney Sectors-Flange Tubes
e Molded components made of Transformerboard according to IEC 60641

e Tailor-made according to the customer specification




C.YALITKANLAR
HV Insulation Components up to 1200 kV

Shield Rings (SCHIRMRING)
eShielded Rings made of Laminated Wood or Transformerboard
eAccording to IEC 60641

J ENPAY
i mn.."




6.GUC TRAFOLARI

C.YALITKANLAR

HV Insulation Components up to
1200 kV

Press (Clamping) Rings

The Rings are made of;

eLaminated Pressboard according to IEC 60763
eLaminated Wood according to IEC 61061 or
eTangential Veneer Direction according to IEC 61061
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C.YALTITKANLAR i g

3 D modeliyle dielektrik stres analizi gosterimi

(kaynak ABB,3D modeling in transformer design)




C.YALITKANLAR

HV Insulation Components 220 kV-1200 kV
Lead Exits

1200 kV 800 kv
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C.YALITKANLAR

HV Insulation Components 220 kV-1200 kV

FEM - Finite Element Method
ENPAY designs department makes the most optimum and the most convenient design

tailor made to the customer requirements by using 2D and 3D FEM programs.
Insulation Level Insulation Level
750 kV 1200 kV

Equal Potential Line Equal Potential Line

[
I
| l
[ | |

|

Electrostatic Field Lines

Electrostatic Field Line
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C.YALITKANLAR

Sargi baslarindaki alan potansiyel hatlarina uygun yalitkan
kasnaklarin yerlestirilmesi

Er=04,25
/ A i —
— = ———=y__ Er=L6
Er32.3 F g % = . 2
/ 4 f -
|l A é — - \\\
/ - < | |
] || — N\
———1-—\ s — =~ \.
_—\1 i - = = l\ : -.“ \\
==l
I / 86 \. \
[ 78 \\ | (| \
l ﬁ r ( \ “ \ \ E \ \
Fotental 0 | Potential 100 I e H \
“e | ‘ 0S-Sta 1B |
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FEM programiyla sargi baslarindaki elektrik alan etudleri

dile
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6.GUC TRAFOLARI

C.YALITKANLAR

HV Insulation Components 220 kV-1200 kV

X-Ray Inspection System

e Accurate X-Ray System for control of particle and air pocket
e High-resolution X-RAY tube

e Precision manipulator
e 2D and 3D inspection without mechanical conversion




Test Laboratory Conditions
Covered Area : About 200 m2
Temperature : 23+2°C

Relative Humidity : 50 £5%
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Trafo yaglari

Yagh dagitim ve giic trafolarinda, gerek sogutucu ve gerekse yalitim ortami yag ile
saglanir.

Kullanilan yag cinsleri:
1- MADENI YAGLAR

a) PARAFINIK BAZLILAR
b) NAFTANIK BAZLILAR

Her iilkede ayni bazda yag kullanilmiyor.
Tiirkiye sebekelerindeki trafolarda NAFTANIK bazl yaglar kullanihyor.

2- NEBATI YAGLAR

Son yillarda CO2 emisyonunu azaltma gayesiyle ve ¢evreyi kirletmemek
icin nebati yaglar artan miktarlarda kullaniliyor. Ornek olarak AYCICEK
YAGI ni verebiliriz. Elbette her iilkenin cografyasinda yetisen degisik 4
bitkilerden elde edilen yaglar kullaniliyor.
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C.YALITKANLAR

Isletme gerilimleri yiikseldikce trafolarin yalitkan dizayni

en onemli konu haline geldi.

Guvenilir ve optimize edilmis kapsaml bir dizayn kacinilmaz oldu.
Dizayn Miih.leri malzeme secgimi ve tasarruf baskisi altindadir

MAJOR YALITIM
- Sargilararasi ve sargi-niive (bacak-boyunduruk)arasi yalitim
- Bobinlerle tank arasindaki yalitim
- YG cikis telleriile sase parcalar arasindaki yalitim

MINOR YALITIM
- Sarim(sipir) ile sargi grubu arasindaki yalitim

ONEMLI DORT YALITIM TESTI:
- Yildinnm darbe (Lightning impulse) test
- Anahtarlama darbe (Switching impulse) test
- Kisa miiddetli Isletme frekansh YG testi
- Uzun muddetli kismi desarj (PD) testi
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D. TANK

TANKS FOR HIGHVOLTAGE POWER TRANSFORMERS
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Clamping elements.

frame

clamping ring

flitch plate
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D.TANK

Tank duvarlarina manyetik ekranlamalar (Tank Shunts) ile,dagiima
ve kacak akilarin meydana getirdigi kayiplar azaltilir

LV leads

/l

\
3D Calculation and Modeling of Eddy Current \
Losses in a Large Power Transformer

Bu kayiplar ,yuikteki kayiplardan ayr olarak olgulemez &
7’






6.GUC TRAFOLARI
E.KADEME DEGISTIRICILERT

Trafolarda gerilim ayari yapmak icin

Bosta veya yiik altinda kademe degistiricileri kullanilir.

Asagida solda yiik altindakileri ,sagda bosta kademe degistiricisini
gosteriyor

On-load-tap-changers (OLTC) Off-circuit-tap-changer (OCTC)

MR-Maschinenfabrik Reinhausen
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F. DIGER AKSESUAR

Kademe degistiricisi

Hiy L s LoD Motorlu kumanda panosu

Mekanik termometre Basinc regiilatorii
ve aksesuari

Digital termometre
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= HV Terminal
- UHVMH( glass

- Flange
- Epoxy resin insufator
- il side shield

Busingler

Fig. 1: Bushings 245 kV Fig. 2: Bushings 52 to 170 kV
Heavy Cantilever load Normal Cantilever load

F. DIGER AKSESUAR
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Ground plane

20%

in test tank—.

Grading layers
(Four shown)

Test tank filled
with mineral oil ~]

— Lower insulator

Exponential plot of oil-filled, capacitance-graded bushing.
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Converter Transformer
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Converter Tra nsformer
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Converter Transformer B |
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International Conferences Presented ENPAY

by ENPAY in 2010-2014

. Properties and Applications of Advance Magnetic Materia | (Nickel-Iron,
Nanocrystalline Metal...)Tech-IT 2010 (21-22.01.2010 / Indi a) Presented by
E.Karas

. Technical Assessment of Lead Exit and Design Process for H V. Power
Transformers Travek VII. International Scientific and Tec hnical
Conference Large Power Transformers and Diagnostics Syste ms (22-
23.06.2010 / Russia) Presented by E.Ozturk

. Shunt Reactor Cores up to 765 kV - 300 MVAr Travek VII. Inter national
Scientific and Technical Conference Large Power Transform ers and
Diagnostics Systems (22-23.06.2010 / Russia) Presented by  S.Yurekten

. GIS — Current Transformers Interactive Workshop on "Gas | nsulated
Substation - Design, Construction and O&M” (15-16.07.2010 / India)
NATIONAL CIGRE Presented by H.Turan

Transformer Components



International Conferences Presented ENPAY
- by ENPAY in 2010-2011

5. Technical Assessment of Lead Exit and Design Process for P ower
Transformers, up to 1200 Kv International Conference on Dev  elopment
of 1200 kV National Test Station (29-30.09.2010 / India) NAT [IONAL
CIGRE Presented by Mr. Bhatia

6. Shunt Reactor Cores up to 800 kV - 300 MVAr ARWtr 2010 (03-

06.10.2010 / Spain) NATIONAL CIGRE / IEEE Presented by S. Yur ekten/
Dr. K. Eckholz

7. New Trends in UHV Shunt Reactor Core Technology TRAVEK 201 1 (29-
30.03.2011 / Moscow Presented by S.Yurekten

8. Innovation in Transformer Manufacturing Amorphous Meta | Cores for
Environmental -Green Transformers TRAVEK 2011 (29-30.03. 2011/
Moscow) Presented by S. Yurekten




International Conferences Presented ENPAY
- by ENPAY in 2010-2011

9. New Trends in UHV Shunt Reactor Core Technology GRIDTECH I  nternational
Conference New Delhi (19-21 April 2011 / India ) Presented by  S.Yurekten

10. Energoefficient Transformers with Amorphous Metal (Fe -Based) Cores
TRAVEK 2011 (21-22.06.2011/ Moscow) Presented by Selim Yur ekten

11.Insulation Components for HV Transformers TRAVEK 2011 ( 21-22.06.2011/
Moscow) Presented by Selim Yurekten

12.How to Reach the Quality Excellence in Transformer Techn ology with Tailor-
made Components TRAVEK 2011 (8-9.11.2011 / Moscow) Present ed by S.
Yurekten

13.Modern Trends in Application of Insulation Systems for P ower Transformers
TRAFOSEM 2011 (21-22.11.2011 / Delhi, India) Presented by S . Yurekten




International Conferences Presented ENMP,,AY
by ENPAY in 2010-2011

14.Reliable Quality and Optimized Design of Components For P ower
Transformers and Reactors, S.Yurekten, TRAVEK, 20-21 Marc h 2012,
Moscow

15.Compability Test of Pressboard with Transformer Oil, In ternational
Colloquium Transformer Research and Asset Management, S.Y  urekten,
F.Erenler, G.Newesely, 16-18 May 2012, Dubrovnik

16.Magnetic and Insulation Solutions for HV Power Transfor mers and
Gapped-Core Reactors, S. Yurekten, TRAVEK, 19-20 June 2012 , Moscow

17.Herausforderung an die Komponentenfertigung far Lei
stungstransformatoren und Drosselspulen bis 1200 kV.-Sta nd der Technik
und Entwicklungstrends, TLM 2012, S.Yurekten, 24-25 Septe = mber 2012,
Halle

18. Magnetic Performances and the Types of Current Transfor mersfor HV
Switching Equipment in Smart Grid Metering Applications, S .Yurekten,
H.Turan, TRAVEK, 7-8 November 2012 , Moscow




International Conferences Presented ENMP,,AY
by ENPAY in 2010-2011

19.Modern Trends in Design and Manufacturing Practices of t he Core in
Power Transformers, A.P.S.Baghel, S.V.Kulkarni, S.Yurek ten, 5th
International Conference CBIP (CIGRE), 22-25 January 2013 , New Delhi

20.The Quality Aspects of Solid Insulation in Power Transfo rmers and
Reactors, S.Yurekten, F.Erenler, 5th International Confe rence CBIP
(CIGRE) , 22-25 January 2013, New Delhi

21.Trend in the Recent Improvement of Gapped-Core UHV Shunt Reactor
Design, S.Yurekten, CIGRE, 3-4 April 2013, New Delhi

22.The Recent Improvements on Extra High Voltage Shunt Reac  tors , S.
Yurekten, Istanbul Technical University ,28 May 2013, Istanbul

23.Insulation and Aging Performance of Laminated Pressboa rd Versus
Laminated Wood in HV Power Transformers, S.Yurekten, F.Ere nler,
TRAVEK, 25-26 June 2013, Moscow




International Conferences Presented ENPAY
- by ENPAY in 2010-2011

24. State- of- the- art Tank Shieldings ( Shunts) for HV Power Transformers,
S.Yurekten , TRAVEK , 25-26 June 2013, Moscow

25.Energy Efficient Green Transformer Manufacturing with Amorphous Cores,
S.Yurekten, ICRERA ,20-23 October 2013, Madrid

26. Exit Insulation Systems (EIS) & Middle Exit Systems , E.O  ztiurk , TRAFOSEM ,
15 November 2013, Bengaluru

27.Using Nanocrystalline Material in Toroidal Cores for Cu rrent Transformers
Analytical Studies, Computational Simulations and Ageing Tests, H. Turan,
A.Panchal, National High Voltage engineering Conference ( NHVEC-2014), 7-8
March 2014 , Hyderabad




Selim Yurekten in Yurtlglnde Yaylnlanan Makalelerl

ENPAY

] Turklye’de Magnetik Teknoloji Uzerine Diisiinceler — 3E Electrotech — May

2007

Giic trafolarinda sargi yalitkanlarinin Onemi ve Ozellikleri , S.yiirekten— Kaynak
elektrik — Agustos 2007

. Magnetik Malzemelerin Cesitleri ve Kullanim Alanlan ,S.Yurekten— 3E

Electrotech — Ekim 2007

Trafo sargi yalitkani malzemesi : Transformerboard , S.Yiirekten— Kaynak
Elektrik — Ekim 2009

. Magnetik Malzemeler Grubunda Nano Teknolojisi ,S.ylirekten — 3E Electrotech —

Arahik 2009

6. Transformerboard , S.Yiirekten, 3E Electrotech -Subat 2010

8.
9.

. Trafo Uretiminde Innovasyon Cevreci — Yesil Trafolar icin ( Fe — Bazhi ) Amorf

Metal Niiveler , S.Ylirekten, 3E Electrotech — Kasim 2010
Sont Reaktor Teknolojisinde Gelismeler,S.Ylirekten, 3E Elektrotech, Nisan 2011

Sempozyum,Trafo Diinyasi, S.Yiirekten, Kocaeli Universitesi, Aralik 2011

10.Yagh Trafolarin Omriinii Etkileyen Kati Yalitkanlar, S.Yiirekten, 3E Electrotech,

11.Sempozyum,The Recent Improvements on Extra High Voltage Shunt Re

Agustos 2012

S.Yirekten, ITU, 28 Mayis 2013
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Turkiye'de 3 yuksek , 40 civarinda orta,

yuzun uzerinde alcak gerilim trafo ve
reaktor ( enduktor) ureticisi var
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