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Oil - Immersed Type Transformer

Hermetically Sealed Open Type With Conservator Special Transformer
| :
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without Gas Cushion with N,
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Cast Resin Transformer Conventional Low Voltage Dry Type
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Hermetically Sealed
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' Hermetically Sealed without Gas Cushion
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' Hermetically Sealed with N2
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Open Type With Conservator Tank
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OIL TRANSFORMER WINDINGS

Prevention of moisture from the ambient is achieved by
Hermetically sealed tank

» Separating the tank with a conservator — outside air enters through a
Silica Gel Breather
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Special Transformers

' Transformer for VSPP and SPP Application

ONVLAT - pNX:sRR-e=LgGVcMeU 7SepTuy 3 hwd +8&8iPxe T d L
(Small Power Producer ) p X ¥SPP ( Very Small Power Producer )

' AVR Transformer with On Load Tap Changer
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0oQjWwW NVdMp G @dp¥RRHITdweo]T qGU GHHeMdH@H x: " kN
NVdMoNXhwULpJKDb Eaad fap"Chéger *VOLTC) >inw]eTeVINVdI
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Transformer with On Load Tap Changer

' Transformer with On Load Tap Changer
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Special Transforr

" Transformer for Unit Substation
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' Transformer for Coal Mine Application (Vibration Pr 00f)
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' Transformer for Solar Farm Application
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'Earthing Transformer
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DRY TYPE TRANSFORMER

' Cast Resin Transformer
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APPLICATIONS

Application

Transformer Type

Power generation Power transformers
Wind & Solar Power Dry or Special
generation transformers

Power and distribution

Transmission and transformers
distribution

° Dry and distribution
Commercial and transformers
residential usage o

o Dry or Special

transformers

Railway application (Traction)

QOil & Gas Subsea

application transformers




Indeed=CAcademy

I il Ilstelligena

ELECTRICITY DISTRIBUTION WHY HV m

GEN THAI

' Total 3 Phase Losses =3 I2R

' Active Power, P= ¥3 9, &RV 1
'I1=P/( ¥3VCos U

' Losses=P2 R/ (V2 Co2 U

Losses are inversely proportional to the square of Voltage & directly proportional to the square of
the Active Power

High system voltage reduces transmission losses

Requires more expensive lines, cables & transformes

Generator transformers are step up

Distribution transformers are generally step down

Voltage taken down in several steps

Lower voltages closer to the consumers
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LV terminals Three-leg core
Normal arrangement: Made of grain-oriented,
Top, rear low-loss electrolaminations
Special version: insulated on both sides
Bottom, available on
request at extra charge

Resilient spacers

To insulate core and
windings from mechanical
vibrations, resulting in low

noise emissions

HV terminals

Variable arrangements,
for optimal station design.
HV tapping links for

HV winding

Consisting of vacuum-potted
single foil-type aluminum coils.
See enlarged detail

adjustment to system in fig. 5.9-5
conditions, reconnectable

in de-energized state™

Temperature monitoring LV winding

Made of aluminum strip.
Turns firmly glued together
by means of insulating sheet
wrapper material

By PTC or Pt 100 thermistor
detectors in the LV winding

o e e =

Paint finish
on steel parts

Thick layer coating,

RAL 5009. On request:
Two-component varnish
(for aggressive
environments

or high humidity)

Insulation

Mixture of epoxy resin

and quartz powder

makes the transformer
practically maintenance-
free, moisture-proof,
tropicalized, flame-resistant
and self-extinguishing

Ambient class E2

Climatic category C2
(If the transformer is installed
outdoors, degree of protection
IP23 must be assured)

Clamping frame and truck

Rollers can be swung
around for lengthways

Fire class F1 * on-load tap changers on request or sideways travel
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TRANSFORMER FUNDAMENTALS ~ <~mr
HEAT LOSS

Losses generate heat
f Removed through air ventilation or oil circulation

o> K

100% POWER 0.3% 99.7% POWER

VOLTAGE L VOLTAGE 2 »
Three Phase
TRANSFORMERI NAamMMmalrlao 1N BEHEES! NalOE
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NO-LOAD LOSS

' No-load losses do not depend on the temperature

' Oll transformers have lower no-load losses than dapsformers for the same rating because the cor
IS smaller (air needs larger clearance).

Example
1000 KVA:

No-load losses
for an oil
transformer:
1.700 W

Example

1000 KVA:
No-load losses
foradry
transformer:
2.300 W
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TEMPERATURE REFERENCE FOR LOAD LOSS
'Load loss:

_oad losses must be always refertedhe same temperature

Reference temperature for oll transformers is/5%

"and for dry transformers T2(P. (F-class)

'Formula for recalculating the losses to any temperatu
P12 = P75° x 234,5+120)/(234,5+75)
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TRANSFORMER FUNDAMENTALS
LOSSES AND EFFICIENCY

/ Transformers have 2 loss compo-

loss

nents:
load loss p,/ - No-load loss in iron core:
» due to hysteresis and eddy
currents
» independent of load
no-load loss Py . ) .
/ » Load loss in windings:
. . . v v . » due to resistive and eddy
0% 20% 40% 60% 80% |oad 100% currents
100% . .
efficiency « increases with square of load

59 o » load loss value is given for

” / o 100% load
98%

Transformer efficiency can easily be
97% calculated from the losses

« maximum efficiency is

96% - - - : - typically at 40-50% load

0% 20% 40% 60% 80% 100%
load
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COMPARE LOSSES: Oil Immersed Transformer Hermitically Sealed Type 12/24KV

Brand A Brand B Brand C
KVA No Losses Losses (W No Losses Losses (W No Losses Losses (W
(W) (W) (W)
1000 1600 13500 1600 13000 1600 13000
1250 1800 16000 1800 15500 1800 16000
1500 2000 18900 2100 18500 2100 19000
2000 2700 22700 2600 22500 2600 22700
2500 3200 26800 3000 26500 3300 26800

Promphenessisincharoen
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COMPARE LOSSES: Dry Type Transformer 24KV GENTHAI

- Brand D Brand E Brand F
KVA NOLO(AV\I;; LOSSES LOSSES (W) NOLO(AV\I/D) LOSSES LOSSES (W) NOLO(,?/\VD) LOSSES LOSSES (W)
1000 2300 9790 1550 9000 2100 7470
1250 2900 12020 1800 11000 2400 9440
1600 3100 14240 2200 13000 2600 10700
2000 4200 17550 2600 16000 3500 12800

2500 5000 17550 3100 19000 4300 15400
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WINDINGS AND CONDUCTOR MATERIALS

' Copper or Aluminum conductor is used

' Cu has a higher conductivity (1.7*108Wm) than Al ( 2.8* 108Wm), but a higher density

Transformers with windings made of Cu or somewhat more compact, but heavier than
those made of Al

Cu is more expensive than Al and more kg of metal is needed => transformers with Cu
windings are more expensive

Specific markets or customers may require
Cu windings LV and HV coils use mostly the same comuctor material,
but it can also be different

Cu and Al can be used in the shape of wires or foils

~TOMPNEeRNBEeREgs
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TRANSFORMER FUNDAMENTALS
INSULATION

« Transformer components need to be electrically insulated:
= HV coil versus LV coil, phase versus phase, and coils versus core

= The majority of voltage and the electric field is taken up by air or oil

= The main purpose of the solid or paper insulation is:
= dielectric insulation
= avoidance of shorts between windings turns due to contamination
= mechanical rigidity and protection for the coils

/

HV coil — Insulation Solid or Paper with Oil

HV coil - Conductor
Air or Oil insulation between LV and HV

Air or Qil insulation between phases

LV coil - Insulation — Solid or Paper with Qil
LV coil - Conductor

N = -
:r“ll.'_____‘u -_ 1
: l

EN THAI
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TRANSFORMER FUNDAMENTALS
COOLING OF DRY TRANSFORMERS

« In a dry transformer the heat generated by coils
and core is dissipated to air

transformer

Heat generated in coils
and core are transferred by
the air through convection

Cold air entrance from the
ambient
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COOLING OF OIL TRANSFORMERS

« Mineral or synthetic oil is used for cooling & insulation
= O Mineral Oil with Flash Point < 300°C,
» K Flash Point > 300°C & biodegradable

» Heat dissipated to air in the radiator

=« ONAN Radiators with fans
« ONAF The hot liquid, coming from coils and
core, flows through the radiators
- OFAF . . .
The heat is transferred in the radiators
- KNAN to ambient air, cooling thereby the liquid

The colder liquid flows back into the
transformer tank

The cycle starts again: heat is genera-
ted at coils and core and transferred to

the liquid )

TRANSFORMER
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Electricity System Interconnected GEN THAI

Power Station
.
K

Power Transformers

GENERATION
TRANSMISSION
- -
Transmission
Substation
Distribution
Substation
COMMERCIAL & INDUSTRIAL DISTRIBUTION

BUSINESS CONSUMERS

#

RESIDENTIAL CONSUMERS

~romp Kasem NIncharoen
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TEST LABORATORIES ial

Two test rooms
certificate ISO/ IEC
17025 since 2001
according to ENAC

(general
requirements for
the competence of
testing and
calibration
laboratories)
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THE FINAL TEST ial
ROUTINE AND SPECIAL TESTS

Routine and special
Tests:

FAT

Temperature Rise
Test

Lightning Impulse
test

Sound level test
Other special tests...

[ RGP T 2 U A Pt Sy
" 1 Y Er e T s e

=
PR el A
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4eVIG] MNYV &puane test

4eVJIG] Mo<Q e clypeNest

4eVJIG] MQ g®8dacial test
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4eVIG] " MAT-—"pNX:sRR-5
4eVIG] MNV RJgine Test) NVcd MG-ZU

1. 4eVZdG7ZeTH-elLJel5méaguxemeént of winding resistance )

ONvL4eVZdG7ZeTH-elLJelL5 :5GXZGINH?Xee&5VZ d BRI oW &VIKE ¥DG
OgGN4HgAVj sTepXcoQjw o0 e7+éShwgNdsEs@dTie]eep NgX 4 UM\~ kie
"kKFASITgEjwhwo kBB E&T g

2. 4eVZdG dMYelpV:GdLpXcd4eVHVZ;] M4eV indasueerr ¢f voltage
ratio and check of phase displacement )

ONvL4eVZEGS5dHMWe]GALS :*"T-—pNX:oNVhUMoJmhG N4 tdH/-eIJhivAd
7eGo7Xjw L UlerLQg4dGTeHVCelLMNYTHaRP X:EANXNL1.Q 8 W ¥.d G Geee/l-
oVhU4Z¥et®WGreup 5 :"T - pNX:




Indeed=EAcademy

4eVIG] MAT-—"pNX:sRR-'
4eVIG] MNV RJgine Test) NVcd MG-ZU

3 4ed gT Q hpl®dG-Z : ;ieasurement of short-circuit impedance )
oNv L 4 e Midpk@ahee Voltage G -ZUZgKh4eVXdGZ:;VAT — pNX:VcrZee

4. 4eVZ dG7Ze DTO®@]XnRasurement of load loss )
ONvL4eVZdG"e7 O5HE T ¢Il@yd MX3eppen Loss

5. 4eVZdG7ZeVs@ahqgrXG pXc4Vcp]shieaburgmeatof no - load
loss and current )

ONVL4eVZdG~e7 eyRalThedso]; « e U g X G~ VG TLpe T pleKmié Loss )
pXcZdG Ae?-@4Xclp5ﬂSMAZGrL5FCST-SG —Neo ¢ bag TXr@NtV |
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4eVIG] " MAT-—"pNX:sRR-5
4eVIG] MNV RJgine Test) NVcd MG-ZU

Q@ 4eVIG] ' M7ZeTJIJLH« pV:G dLHeT7Ze Tpdwedfiegdeticg RGR— e

withstand test )
ONvL4eVHVZ;] M<LZLSeUrL"AT = pNX:JJHwA7ddWvdV tH ¢ W €3Sv@ailvid | | :54GI /]
pV:H|@Geuhd & -ZU4eV;eeUpV:GdL]HAWCY{EIdMGIhw;cJG] MHeT7
TeHVCelL4|eMLG

7. 4eVIG] M7ZeT7:JLHe pV:G dL o"intunedd Xdlthg® s )

ONvL4eVHVZ;] M<kXZ6pEdPBIdoQdLONVL5GXZG G-ZU4eV;eeUp
" -4dM=kG5GXZGHeTVcUcozZXeJhwTeHVCelL4|e LG

8. 4eVZdG7e.e7ZeTH —e Lndeakurdénzeht of insulation resistance )

ONvL4eVHVZ;ZdG7ee7ZeToNv L<LZLg®GWYMEGFEZ St (qoONUKT. ¢&/4 dJG <
H-— :Th7ee]l:HeTJhwTeHVCelL4|e™ LG
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4eVIG] " MAT-"pNX:sRR-€™
4eVIG] MNV RJgine Test) NVcd MG-ZU

9 4eVJIG] MV UNSIwEZ[SY e Bildeak test )

ONvL4eVIG] MNES kGEIIWEZ: o Tjw 049gG7ZeTGdLoQgw
10. 4eVJIG] M7ZeToNv L<L ZL 5oit di¢lgetric dlrength test )

ONvL4eVIG] MoQjw "e7ee7ZeTONV LNZATBHAGRATd
ONvL4A4VGS :L|xeTdL
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4eVIG] ' MAT-—"pNX:sRR-

4eVIG] Mo<Qecpywaéest)

1. 4eVIG] MpV:GdR-gMiyatxing impulse test)
ONvL4eVIG] M7ZeT7:JL5 :<LZLH+ pV:GdLRlecQ &

2. 4eVIG] M KFASIT gtempesauewi3esiestl)
ONvL4eVIG] MoQjw ZdG7e+e KFASIT gEkRZ e il7-= ep
04gL4ZseTeHVCelLAV|] JhwH4X:4dL "ed<eTO- qplNDE
SRR-—eLdXxLTh5LeGQg4dGsTHKWAAdMIhwH4X:" "V j ¢

3. 4eV Zd G Mt:Gdétdron]nation of sound level )
ONvL4eVIG] MoQju:ZdCG Ve G®MNMo S FcIhw;seUpV:G




il
| 1

4eVJG]\MAT—\pNX:SRR_

4eVJIG] MQ g&pecial Test)
1. 4eVIG] M7ZeT7:JLHe* 4shéxdrGud witistand test)
oONvL4eV4eV7:JLHe pV:Je:4XJhwod4gG5ixL
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2. 4eVZdG4eV7eUAN\partikriMiscHarge measurement)
ONvL4eVIG] M4deV7eUNVc;ksRR—-eVdeirk.
<LZLHee:u SeUrL "Tek-1pNXT o BNVEH —L

TRANSFORMERI hammarat PrompheR eesde
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Insulation Class and Temperature Rise

F Class or H Class Insullation Material

'GEN THAI

Insulation Class

Permissible temp

. Rise (K)

Max. System temperature (

oC)
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GEN THAI

Routine tests according to IEC 60076-11 year 2004

' Measurement of winding resistance
' Measurement of ratio and proof of the vector
group

' Measurement of short-circuit impedance,
Impedance voltage and short-circuit losses

' Measurement of no-load losses and no-load
current

' Test with applied withstand voltage
' Test with induced withstand voltage
' Measurement of partial discharges

NORME . CEl
INTE_R NATIONALE lEC
INTERNATIONAL 60076-11
STANDARD Frisira #dion

Transformateurs de puissance -

Partia 11:
Transfermateurs de type sec

Fower transformers —

Part 11:
Dry-type transformars

O SEEE o i b i W 0O il ki wid i iy

et WP T TR SR T PR ——
Temera < EERON ] Nplskier v i 0F #i0 i “.*Im mmd\'.l:'
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ni

. 141
Highlights

T F class insulation
T HV coils completely cast under vacuum into moulds

T Based on high reinforcement of glass fibres insulation

T Best mechanical strength and ideal resistance agairst temperature fluctuations
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Highlights 141

t Hardly inflammable and self-extinguishing under short circuit
conditions

T No content of any halogen, silicones, nitrogen in t he insulation
materials.

+ Low partial discharge
T Highly moisture proof, The transformer can operate u nder highly

relative humidity and be switched on without pre-dr ying even after a
long period of storage.

T Most efficient cooling, forced cooling system renders increase of load
up to 40%
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"GEN THAL

DRY TYPE TRANSFORMER

High Quality Performance
' non-inflammable and self extinguishing :
It is certified as F1

insensitive to very high level of thermal
shocks and load fluctuations and
overload conditions :

It is certified as C2

insensitive to corrosive environment &
resistant to pollution & humidity:

It is certified as E2

With respect to the dynamics ability to
withstand short circuits.

It is certified of short circuit
performance.

Passed the Seismic Qualification test

It is certified of Seismic Qualification

TRANSFORMER
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Sample Test Report of Dry Type Transformer

v

Test Report CESI Aggmved "":::: KEMA :J(

GEN THAI

1. TIC 3089-11
et BEST - Salihesic Eheioremehnnth Sasnyt Tewnlort AR,
Addrons wf the Cllewt Agit Sanayl Belgew TR 19040 BALKESE - TURKEY
INSPECTION REPORT
Munsfsrturer BEST - Hadihenir Edehtromehanik Sany) Tesblert AN,
Tewterd semplesiiems Non-encloner theee-phane dryGpe power tmformar, with ros-oscapesdaterl windings, : mﬂ numbear TlC 308911
o o Joty, with covdimg by wlr netund ton | AN)
1:‘::;:;\'?::-? |:":\>a rw:u :u " nfa::rn:' ] E‘Mlxe Sanays Boigesi 7C4, Ne 1,
! sir 10100
Teats carried out Tharaval shock ;"Iz;_f‘;_,b- rwveiformevs I Referance PO 27a66 aale 27 May 2011 (72130084)
L d Vot . f
ceming F:‘t:l bohav\our test for class F1 transformer
\ace Bmwatr
Oject a’k Wanstomer 630 KVA
Manufacturer % Turkey
5
! StandardvSpecifications EC MOTR-11 [Fd.1.0] 2004.05)
£
; REQUIREMENTS
1 Tests date fress May 12, 2011 b May AL 2000 The requirements as manbanad n the standard IEC 6007611 (2004), clause 28,3
=
L
g TEST PROGHAI!IIE
v The ein et 61 T s | S Ty i Be EIE vTierte g W“Wme chant,
Ao reTTce 3 Y Bt i ] 7wy S e ween ramseton s L For e:mqmmme erence Is made 1o page 3
RIS OO, o .
results relate o the worl ered and to tho material testes
The height ¥ of table 6 was 90mm¥n stead of app itehy 40 m
The um#mlssm of tha 'Asmlo light wats nat measured.
Mo of n Ne. of pages sancred The low rata In tha chimney was not measured
! pages : 8t gmsed he criterea qua temperatures 01 the avaluation of IEC 6007611,
dause 288
Tasne duate T 06, 20010
Fropared PER - Masstegazan Vinoos
Vertfled PPR - Vighiet Mawro, TH - Pl Framon
_CESIs
Approved PMI - The Manages < Aroidiaco Larero ’ - ;. n:": "' ; ks T
< Opvratros . Vakischoltan 'OctorTesh ,i ctions &
3 - ,f;‘..‘;f’ Certfication T NeteAancs
5 Ths repont consists of:
£ 22 pages incl. 2Inl\exss(15mesl Arphem, 13 July 2011
= " "‘0-.:-:" :_.---:_v:r.m:o—. ncu-v. “t\-n
S f:m’; i T e W gy

e
Copeight PEicaton o Ipaatation of P compen of 3 wEr! & My GUMr SOT Puw @ ampinde aigy 30 e Wan 1 rol iever wivod pet
wtler conue

Lirscftasmning 370, 6212 AR Aveer, Tebgons « 37 328 3 50 220 10 Tewlax « 31 06 44617 22

TRANSFORMER K
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ENT AND TESTING NATHINAL
INSTITUYE FOR FLECTRICAL ENGINEERING
ICMET CRAIOVA
HIGH POWER DIVISION P
HIGH POWER LABORATORY p s
“Ovidén Rarinca™ /"'0 ~N
2S-CRAIOVA, B DECEBAL No. 118A, RONANA R T
Makiculttien certicale J18312/1999, VA I mursber ROIET 1599 nmn;;mmm
mxml)m;’az;‘ﬁé‘wtznmosnmm camTmvaTos ST
TEST REPORT
No. 11042
CUSTOMER LIKESIR ELEKXTROMEKANIK SANAVI TESISLERE A5,
" &Amwno@m 7 Cadde, No.: 1, 10100 Balikesir - TURKEY

FANUFACTURER: BALIKESIR ELEKTROMEKANTK SANAVI TESTSLERIAS.
& Fac ‘mmm Samayi Bolpesi, 7 Cadde, Na.: 1, 1100 Balikesir - TURKEY

TESTED 630 kVA, 33/0.2 XV Three-phase, dry type tasfoanmes
PRODUCT:

REFERENCE 1EC §0076- 52006 sub-clogse 4.2

STANDARD: TEC 60076-11/2004 sub-clawsr 7

TEST mwwuwudmd&mdmm
PERFORMED:

TEST PATE: 01032011

TEST RESULT:  Passed the test

qulﬂl?pg;mda&edhedh4oopﬁ&wwh@wlﬁwmmmdwpies
2.3 ned 4 o
HEAD OF HIG ER BIVES HEAD OF LABORATORY:

1 mwww

= o ' -
RERA IOV
DATE OF ISSUE: (40372077

1 Ry rager 33 vexl pegdiacy onlly.
2 MerhmdﬂwuwWMu&-nmw.uM
- vl et wf et pa v sl debeweiiwe Mlony 12
lm\:‘anﬁhﬁfm:md‘afzmww A pie & X o .

C. By prooct by She ocoplustion Sody =

i 205

TRANSFORMER

GEN THAI

KEMAZ TIC 213013

TYPE TEST CERTIFICATE OF SHORT-CIRCUIT PERFORMANCE

APPARATUS A ttvoe-phase dry type distrtution ransformor
DESIGNATION Dry type distritution raesformar SERIAL No,

Mated power AL

Rated votage N LIx2o%/ LW
Corvmiton sywwaed Dynit

Muted freguency 0 Me

MANUFACTURER BEST Transformess,
Habhasr, Turky

TESTED FOR BEST Transformees,
Bakhas, Turkey

TESTED 8Y KEMA HIGHPOWER LABORATORY AND HIGH-VOLTAGE LASBORATORY
Urechisowag 210 - 6312 AR Archam - Tha Netherlands

DATE(S) OF TESTS 1510 35 November 2013

The d in & with the desorplon, drawngs and photographs incorporated in
ths Corf has been suty 10 e senes of proving tests In acoordance wih

IEC 60076-5 (2m06)

Thia Type Test Cenficate has bean issued by KEMA following cxchusraly the STL Gudes

The results are shown in the recard of Proving Tests and the ascillograms attached horeto. The

valuas obtained snd the genaral aro 1o comply with the above Standard
with respect 1o the dynamic ability to withstand short-circuits.

This Cartihcate sppies only 10 the sppaeatus tesind, The seaponsbilty for conformey of any apparstus
having the same designasions with tha! lested sests with e Manufaciner

This Cartibcale consats of 43 sheets i (ot

¢ Oty “ma e
Persanon frew KEMA, Ecasc cophes 10 49 POFAxrmat o scawwe varsioe of
e

e Cardiomm sty b avwinien wod Saen e M Vo rdarester
The ssdbnd et i rdd wornas o Pu Cortladts s w aody voldl were e
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e S Sl IiTe Comparison Table between Local Assembly and Fully Imported Dry Type

Transformer
Description Local Assembly Fully Import sEN THAI
Brand A Brand B Brand C Brand D
Routine Test
Measurement of winding resistance Yes Yes Yes Yes Yes
Measurement of ratio and proof of the vector group Yes Yes Yes Yes Yes

Measurement of short-circuit impedance, impedance

voltage and short-circuit losses Yes Yes Yes Yes Yes
Measurement of no-load losses and no-load current Yes Yes Yes Yes Yes
Fest with applied withstand voltage Yes Yes Yes Yes Yes
Test with induced withstand voltage Yes Yes Yes Yes Yes
Measurement of partial discharges On request Yes Yes Yes Yes
Type Test -

Lightning Impulse Test On request On request On request On request On request
Temperature Rise Test On request On request On request On request On request

Special Test Ceritificates

Ability to withstand the dynamics effects of Short Circuit Performance Test No Yes Yes Yes Yes
Climatic Test (Thermal Shock Test) No Yes Yes Yes Yes
Environmental Test No Yes Yes Yes Yes
Fire Behavior Test No Yes Yes Yes Yes

Seismic Test No N/A N/A N/A Yes
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" TRANSFORMER SPECIFICATION
BASIC

GEN THAI

- Rated Power in KVA
- KW x Power Factor
« Primary Voltage (+ 5% Tolerance)
» Secondary Voltage at no load
« Number of phases & Frequency (x 5% Tolerance)
» Impedance
» Resistance to AC circuit with magnitude & phase
« Altitude (< 1000 m a.s.l.) & ambient temperature (40°C)

. Cooling type <:I with AF, rating increases by up to 40%

" |_0 SSes <::| low loss transformers up to ~50% higher costs

- Winding Material <~ with Cu about 70% higher price
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TRANSFORMER SPECIFICATION
ELECTRICAL INSULATION SYSTEM

= Thermal Class

= |t indicates the maximum temperature that a material
can admit without changing its characteristics

« The temperature rise admitted in windings will depend
on the insulation material thermal class

thermal max. temp. admitted by average max.
class the insulation material temperature rise in
(°C) windings (K)

( 105 65 <+«— Oil
( 130 80

(F) 155 100 +— Dry
(

(

180 125 —

220 150

- .:.' - -
:r“ll.'_____‘u -_ 1
: 1

EN THAI
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el P

WINDING TEMPERATURE RISE GEN THAI

The allowed winding temperature rise depends on the insulation
class, maximum ambient temperature and hot spot

Simple consideration: max. ambient T + winding T-rise <=
max. T-rise admitted by the insulation class

Example: oil transformer:
Maximum ambient temperature: 40°C
Insulation class (A) = 105° C

Winding temperature rise admitted = 105 - 40 = 65°C
=> allowed average winding T-rise:60°C

Example: dry transformer:
Maximum ambient temperature: 40°C
Insulation class (F) = 155° C

Winding temperature rise admitted = 155 - 40 = 115°C
=> allowed average winding T-rise 100°C

In practice the transformer is not continuously at 100% load and
the temperature varies (day, month, year). This compensates for
increased temperature during overload periods
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TRANSFORMER SPECIFICATION
TAP CHANGER

« Match the transformer to the system

GEN THAI

- Variation in primary or secondary voltage
« Example + or - 5% Tap fora 11 to 0.4 kV transformer

- Turns Ratio=11/04=27.5

- Increase in Turns Ratio = 1.05 * 27.5 = 28.875

« Decrease in Turn Ratio = 0.95 * 27.5 = 26.125

- |[f Primary Voltage is constant, the secondary voltage at
« +5% Tap—-11/28.875=380V
« -5% Tap—-11/26.125=412V

« To keep the Secondary Voltage constant with the
Primary Voltage changing

« +5% Tap-0.4 *28.875=11.55k V

« -5% Tap—-0.4 *26.125 =1045kV




Indeed==Academy | 1 ‘i
TRANSFORMER SPECIFICATION ot
OFF LINE TAP CHANGER

= Discrete voltage
regulation by varying the
number of turns

= Distribution transformers
are normally furnished
with off-load tap
changers

= The standard number of
positions is 5 (+/-2x2.5%).
More positions can be
manufactured on request

= Connections are normally
bolted for Dry Type

PToOMpPNeRNBEREgs
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TRANSFORMER SPECIFICATION GEN THAI
OFF LINE TAP CHANGEROIL TYPE

f Tap changer located in the tank
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GEN THAT

TRANSFORMER

On-Load Tap Changer for frequently varying voltages

Line
terminal

QRQ00000000 —O

Neutral
terminal

TRANSFORMER
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'GEN THAI

Dry-type transformers

Mew I[EC 60076-11 requirement

Table 5 - Sequence of Tests

Classes Climatic Environmental Fire Behavior
Tests Clauses| C1 | C2 EO E1l E2 FO F1
1 [Thermal Shock at -5 °c 27.3 | Yes | No - - - - -
2 |Thermal Shock at -25 ¢ 27.4 No | Yes - - - - -
3 |Condensation test 26.3.1 - - No Yes No - -
Condensation and Humidity
4 [Test 26.3.2 - - No No Yes - -
5 |Fire Behavior 28.3 - 2 - . E No Yes
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faeacemy Special Test

Environmental classes according to IEC Standard:

GEN THAI

TEO No condensation occurs on the transformers and pollut ion is negligible

TE1 Occasional condensation can occurs on the transformer. Limited pollution is
possible

TE2 Frequent condensation or heavy pollution or combina tion of both.

Test conditions (new) for classes E1 /E2:
A) condensation test

T humidity in the test chamber >  93% ; conductivity of the water shall be
0,1-0,3S/mforclass E1l; 0,5 «1,5S/m for class E2.

Ttemperature has to be regulated in such a manner that condensed water occurs
on the surface of the transformer tank.

ttest duration: 6 hours
T after that: separate-source and induced voltage tests (reducedto 75%)

B) humidity penetration test

T humidity in the test chamber:  90% +£5%

ttemperature: 50 °C £3°C

ttest duration: 144 Std.
T after that: separate-source and induced voltage tests (reducedto 75%)
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Indesd Ilntelligenos

Special Test

GEN THAI

Climatic classes according to IEC Standard:
1C1 indoor installation only; operation at ambient temper ature >-5°;
transport and storage downto - 25°C

1C2 transport, storage and operation down to - 25°C

Test procedure (new):

tdecrease of ambient temperature down to - 25 °C in 8 hours
fmaintain of the transformer at - 25 °C for 12 hours

tClass C1 only: Rise of temperature to - 5°C in 4hou rs

tClass C1 only: Maintain of the transformer at - 5°C for 12 hours

Ttemperature shock: Apply of twice the rated current unti | the maximum operation
temperature is reached.

T after that: separate-source, induced voltage tests (re duced to 75%) and partial discharge

measurement
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Special Test

GEN THAI

Fire behaviour classes according to |IEC Standard:
e FO no special fire risk to consider

o [l transformer is subject o fire hazard — restricted flammability and
minimised emission of toxic substances and opaque smokes

Test procedure to prove fire behaviour class F1:

» definite test chamber described in HD 464 S1 Annex ZC
 combustion of a definite amount of alcohol under the test object
e additionalheating by a radial electric panel

e confrolled air flow in the combustion chamber

* permanent recording of tfemperatures and smoke production

Test criteria : no exceeding of definite maximum values for temperatfure rise and
smoke production during various test phases
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TRANSFORMER SPECIFICATION

Environmental & Climatic Conditions £Dry Type

Environmental Class:

e « EO Normal indoor installation, no condensation, no
considerable pollution

« E1 Limited pollution, occasional condensation e.g. off
circuit periods

« E2 Heavy pollution, frequent condensation

Climate Class:

» C1 Lowest ambient temperatures:
« operation - 5°C

« storage and transport - 25°C

WL, g - C2 Lowest ambient temperatures:
; « operation =25 °C

- storage and transport at —25°C
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DRY-TYPE TRANSFORMERS SPECIAL TEST CLASSﬂﬁE‘D
CATEGORIES LISTED BELOW:

T Environmental categoryE-
T Climatic category C2
T Fire category F1

TRANSFORMERI hammarat PrompneRessdx
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TRANSFORMER SPECIFICATION 4471
FIRE RESISTANCE:DRY TYPE

Fire Class:

FO No special requirements except typical characteristics
for dry-type transformers

i Increased demands
» All materials practically free of halogens
= Limited formation of fumes

« Limited contribution with calorific energy to the
source of fire

«  Self extinguishing transformer fire
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COST DRIVERS m
VOLTAGE CLASS AND IMPULSE LEVEL (BIL)

The transformer must withstand the corresponding BIL level
according to the voltage level — Induced Voltage (Separate Source
Withstand) & Lightning Impulse Test

The different standards (IEC, ANSI, etc.) give more than one BIL
level for the same voltage. For example in IEC:

The lower the BIL-
level for the same
Uy, the lower is
the price

TRANSFORMER
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ENCLOSURE AND IP CLASSIFICATION

« The “IP” classification describes the degree of protection
provided by enclosures

GEN THAI

« Explanation of numbers: P23
« 1st number: protection against solid foreign objects: e.g. 2
corresponds to openings of max. 12.5 mm diameter
(=finger).
« 2"4 number: protection against water: e.g. 3 provides
protection against sprayed water

"TT
Protected from solids Protected from water
0 Mot protected 0 Not protected
1 50mm diameter 1 Dripped vertically
2 12.5mm diameter 2 Dripped at 15'angle
3 2.5mmdiameter 3 Sprayed
4 1.0mm diameter 4 Splashed
5 Dust resistant 5 Jet spray
6 Dust tight 6 Strong jet spray
7 Temporary immersion
a8 Continuous immersion

Promphenessgsincharoen
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DRY TRANSFORMERS - ACCESSORIE &
ENCLOSURES

' Dry transformers can be used for indoor or outdoor installations
' for outdoor installations an enclosure is always necessary

' for indoor applications client may want an enclosure due to:

' safety reasons (energized transformers are not allowed to be

' touched)

' ambient conditions (e.g. dust, water,..)

IP31

P23
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ENCLOSURE AND COOLING

Ventilated and non-ventilated enclosures (for high IP) need
to be distinguished

GEN THAI

In case of dirty or contaminated ambient, non-ventilated
enclosures should be used

Non-ventilated enclosures could need a heat exchanger

Heat exchangers can be air-to-air or air-to-water heat
exchangers

Recently a more compact thermosiphon-based air-to-air
heat exchanger was introduced

Additionally the direct-water cooled technology is now
available and allows to take out heat directly from the
transformer without the need to pass via a heat exchanger

PToOMpPNeRNBEREgs
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ENCLOSURE AND COOLING

» When a dry transformer is defined with enclosure, the
temperature rise for windings needs to be lower than for IP00
transformers, because the air temperature inside the
enclosure is higher.

« A complete air temperature calculation is required. The larger
the IP degree, the lower the winding temperature rise is

permitted
- tornal The winding temperature
;?rféﬂ?p 4 ™~ rise depends on the
> 40°C = maximum ambient
temperature.

Outdoor

Air temp T T 5

40°C —— !
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Indesd Ilntelligenos

OIL TRANSFORMERS - ACCESSORIES m

LV bushing

Qil level indicator

Arcing homs

HV bushing Bushing

_— Contact thermometer
Lifting lug

Tap changer Rating plate

Core Corrugated tank

Yoke clamp

HV connection

Terminal box

Windings

-Drain Valve
Yoke clamp
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TRANSFORMER BASIC REQUIREMENTS

» Primary & Secondary Voltages with tapping

- Measure, Calculate and confirm

« Maximum Coincident Load + contingency for planned &
unplanned growth

- KVA =kV x A x1.732 (square root of 3)
» Harmonics
» <5% THD
« K Factors — weighting for harmonics
« K 1is linear load

« K4, 9 & 13 are common — transformer Is de-rated
accordingly

« Harmonic Filtering
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IMPEDANCE MEASUREMENT

HV LV
V, @ Sh
rt
3$< @ ° 7 circhllit
@ —

= Short circuit secondary windings

= Increase voltage on primary windings until full load current
flows on the secondary

» Impedance Voltage is due to winding resistance and
leakage current

= Z1in % - (Impedance Voltage / Rated Voltage)

= Short circuit Impedance is the percentage of drop in
Voltage due to winding resistance and leakage reactance
to the rated Voltage
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IMPEDANCE

« Typical values 4 to 6% depending on the transformer size
- Impedance is specified at 100% load
- For ANAF rating it is at AN rating & not at AF

= Determines the maximum value of current under fault
conditions

- Impacts on the design of the protection system

- Impedance increases with the number of turns and the
thickness of the coill

» Impedance reduces with core area and the height of the
transformer

- Design is a compromise between losses and
impedance

PToOMpPNeRNBEREgs
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' Space constraints
' transformer are bigger and heavier
' No specific advantage between Al or Copper

' Cu transformers are shorter, fatter and heavier butrenexpensive

Sizes for the Same Rating - Al vs Cu

Winding
Aluminium

Copper
%
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LOCATION

« QOutdoor / Indoor, Dusty, Salty

« Indoor — preferably dry transformers
« Self extinguishing and environmentally friendly
« Lower maintenance

= Outdoors

« Dry transformers can be installed with 1P44
enclosure

- C4H painting, Sealing of low voltage coil and
space heaters

« Oll transformers are suitable for external installation
with harsh environmental conditions
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MAINTENANCE & LUHECYOLEEXTENSON R

'Preventive & corrective maintenance
'On site active part drying & de-gassing
'Oll regeneration

'Life extension products

'End of life management




MAINTENANCE
DRY TRANSFORMERS

TRANSFORMERI hammarat PrompnheResggsincharoen




MAINTENANCE
PARTIAL DISCHARGES

TRANSFORMERI hammarat PrompnheResggsincharoen
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OIL TRANSFORMERS

TRANSFORMERI hammarat PrompnheResggsincharoen
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