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1) WU LU RILULHI 3 (Oil - Immersed Type Transformer)

2) NuaLUaILUULAY (Dry Type Transformer)
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Oil - Immersed Type Transformer

Hermetically Sealed Open Type With Conservator Special Transformer
|

| | | |

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
v = d‘y A v a a 1 = 6V 1 e o v
%NE]LL‘LI&G"E%@%%Z&JG]’)QGLL‘]J?J‘].I@]&%‘Y]VL&JNE]’]ﬂ’]ﬂ%ﬁaﬂﬂﬁljl(ﬂG] agmu‘lummmmmm
" Hermetically Sealed with N2
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Tulasian (N2)
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Open Type With Conservator Tank

wilaudasrfiafiesdioingdunves ( conservator tank ) fanInuAInILae maaLﬂ@amwaﬂlﬂmmﬂmmmmﬂm
L°ll’] aante lagpun1anIzite LLﬂ’JUiSﬁ]N’]i@@]ﬂ’J’mT% ( dehydrating breather with silica gel ) mmm"l:mum
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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

umiawdaswihuiiassunaainusaualasinguiuy Step up Ainlulddu SPP
(Small Power Producer ) uag VSPP ( Very Small Power Producer )

= AVR Transformer with On Load Tap Changer

Hundawdas Wi afiassunaanusaudiziniulasuealaasiiluiuuaals Nldeu
LwaﬂsuLLsamu“lwmmuusaaowamLaua’imﬂam’ium Taanisingdeadnsal
Usulfauuniuaziinan (On Load Tap Changer #3a OLTC ) foazanunsalsu
usvsulWih IstinauaTaadnTuTd luaazinanssus I Taa lisagsuln

Transformer with On Load Tap Changer

= Transformer with On Load Tap Changer

LﬂuuuaLLﬂao“LV\Iﬁwjumumﬂmm'saumﬂumuimﬂmamautﬂutmmwnmmm 7
m“lﬂ“l?jmul,waﬂ'smumuLtsamumuusamluamLauaimﬂamium ’Imﬂmsmmmo
alnsaldsuilasuuniluaiivan ( On Load Tap Changer %3a OLTC ) di9azaunsa
Usuuseduwi siaualaada Tuidluaazatanssud I Taa laidadu '
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OIL - IMMERSED TYPE TRANSFORMER GENTHAI

Special Transformers

= Transformer for Unit Substation

Lﬂuuuau,ﬂaamaanummwammmo"lﬁmu“lu Enclosure aav Unit Substation
qjomsumummsaummuauﬂaam”l,mmn aommummaaaammu‘mmmw
wiiaulasauuasgIuiiyly wasvdiawlasiilainidusiminiuriauday
Aiafinlwen (less flammable oil )

= Transformer for Coal Mine Application (Vibration Proof)

HuniiawdasnaanuuulviFuussduasiviauannnisausanazaistidulss
LHunta g niulasuluimiiasaruriudeiinssussiiauannnsvin
LAl aYauAU

 Transformer for Solar Farm Application

Lfﬂu‘nﬁaLtﬂa\a?jﬁmsvmﬂmm'{aum”aﬂﬁwﬁuﬁﬁﬂﬂwﬁ’uN”wa“m“lw‘f/’\hﬂ”m
WavIULRIaine ( solar energy ) Luaaamms‘hjawuaumaoiﬁmusmn‘u

Solar Invertor @usiumsiawilasiniiusiaed Copper Shield saefiailasdu
Harmonic
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OIL—-IMMERSED TYPE TRANSFORMER GENTHAIL
Special Transformers

" Earthing Transformer

Ddundaudasliinafiaszunsanuiandsindunin luldluszuu Wi 3 Phase #
a‘wuuvl,Wﬂ']Lﬂumuﬂvlmaaa@mmaamﬂmmﬂﬂﬂqLﬂu‘*ﬁu@@aaa@uﬁmﬁnLﬂumaam‘w
0 Neutral ‘metuLwaLﬂm@maaa@ﬂ@umumauﬂaau mauﬂawu@m Juaaaafl
T Zig-Zag Walwaansalsen Zero Phase Impedance fitnanzaulunmsdaad

Ah

" Scott-T Transformer

WWunaaudad lWisiaszurganusawaraiiiun i lglwnisansnszug lWwaiwa Lt
321U 2 Phase 21NUR&aI918 N1z UL 3 Phase mﬂmngﬂ@imwu Scott-T

Connection
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DRY TYPE TRANSFORMER

= Cast Resin Transformer

L‘ﬂuuu”auﬂaou,tu:uLm”aﬁwmmm”musoamau”m”aﬂamu Class F i
AUIUAAINUAUUYN L9 155 °C #ivinea Resin with Glass Fiber
Reinforced qjomuﬂsuawﬁmswmﬂmmaoaammaaom‘mammnu LN
am'iamaimmﬂu,mnsn:nnms‘l?jmumoamuﬂmo ATSUIUNNTURALT
duagvinaalagnneguanna  ( vacuum ) Vi lviuaalndlsiaann
Wavané ( void free ) fandszavmialaluaiasudadiu e ioby
Lsaommﬂaamﬂﬂmmwaa“mu WuRiaeidy Tua1a1sge Ts9nenuna
lusiu uuauﬂaoﬁumuaﬂmmlﬂmaLnﬂamaasmasummamﬂummm
TULAAWARY LKA a1ANS

= Conventional Low Voltage Dry Type

Huniiawdaeudiauwiie i laauiu Class H qjaamuummuamuﬂuimm
180C dusundavszuu Wi ussinnsoauluAu 1 ,000 V
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ELECTRICITY DISTRIBUTION &%
APPLICATIONS

Application

Transformer Type

Power generation Power transformers
Wind & Solar Power Dry or Special
eneration = s L transformers
o SHT e K K
o ,1‘ ‘ 4 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
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ELECTRICITY DISTRIBUTION - WHY HV 14

GEN THAI

= Total 3 Phase Losses = 3 I2R
= Active Power, P = v/3 VI Cos @
« I=P/(¥3V Cos ®)

= Losses = P2 R/ (V2 Cos2 @)

= 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 & transformers

= Generator transformers are step up

= Distribution transformers are generally step down

= Voltage taken down in several steps

= Lower voltages closer to the consumers

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen
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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

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen




TRANSFORMER FUNDAMENTALS =
HEAT LOSS

Losses generate heat
= Removed through air ventilation or oil circulation

HOT:

100% POWER 0.3% 99.7% POWER

VOLTAGE L VOLTAGE 2 .

Three Phase

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen




Indeed=EAcademy

Indesd Ilntelligenos

TRANSFORMER FUNDAMENTALS cr
NO-LOAD LOSS

* No-load losses do not depend on the temperature

= QOil transformers have lower no-load losses than dry transformers for the same rating because the core
is smaller (air needs larger clearance).

Example Example

1000 KVA: 1000 KVA:
No-load losses No-load losses
foradry for an oil
transformer: transformer:
2.300W 1.700 W

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen
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TRANSFORMER FUNDAMENTALS R
TEMPERATURE REFERENCE FOR LOAD LOSS

* Load loss:

* Load losses must be always referred to the same temperature
= Reference temperature for oil transformers is T=75¢

= and for dry transformers T=1202. (F-class)

* Formula for recalculating the losses to any temperature:

P120° = P752 x (234,5 +120)/(234,5+75)

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen
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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
99% — » load loss value is given for

/ o 100% load
98%

Transformer efficiency can easily be
97% calculated from the losses

« maximum efficiency is
v - - - typically at 40-50% load

0% 20% 40% 60% 80% 100%
load

96% .

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen
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COMPARE LOSSES: Oil Immersed Transformer Hermitically Sealed Type 12/24KV

Brand A Brand B Brand C
KVA No (I;Ic\)ls)ses Losses (W) No (I;’?Is)ses Losses (W) No (I;’?Is;ses Losses (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

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen
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COMPARE LOSSES: Dry Type Transformer 24KV GENTHAI

- Brand D Brand E Brand F
KVA NO-LO?\Z)LOSSES LOSSES (W) NO-LO?\Z)LOSSES LOSSES (W) NO-LO?\Z)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

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen



" TRANSFORMER FUNDAMENTALS
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

GEN THAI

= 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 conductor material,
= but it can also be different

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

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen
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incleed==Academ™ 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

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen




Indeed==Academy

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

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen
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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: Thammarat Promphenrangsi, Kasem Nincharoen
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NNSGO6 9
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Electricity System Interconnected GEN THA!

Power Station
.
K

Power Transformers

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

BUSINESS CONSUMERS

' -y

RESIDENTIAL CONSUMERS
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ADANUUANINTTIUANTAAAY YN AU IWNY v
AamruatanziunIsaacavuianlavunazadiia

*g1alsifin 112.5 kVA Sadehennisn lalwlsiaend
0.3 3. vda Mudhusuiuaedou wie ag lwiaSasviasiy
eyuraifin 1125 kVA dasdans iamslaulas snidis....
1. fsuugmugfiawanlsidnd 150°C uazudABA
anusauvseathsnidada lwle

2. fissuvanmafiawawlasidingy 150°c uazaglwedas
a ¥ 1
AUALLNY vievinladiode

*dasilinacvaifinuamweind uazusloutasd
ywaiiun 1125 kVA desagvieanidadalwlals
waena 0.3 . :

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen




Indeed=EAcademy

r aiopll RIS K
~ :- ' |

GEN THAI

Tuaens dasat luvipuslautlag

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen



Indeed=EAcademy

A y:'ut 'a”aeaq‘lmfawﬁauﬂae AN
ﬂﬁmlﬁm‘ W | | -

- | Helauasdus UL AR NYWIA L8]
WazWana1ng ; plgry
Tumens \fi 75 kVA uaaasilsidansay

AUARUIN
PauaIna WLla 2 Ly da
.ﬂaﬂﬁﬂ'ﬁﬂﬂﬂu‘lﬂﬂ MNAITNYAILNA?

\\Lmzaﬂl‘wmn ) sassowtasanslydearens wis..

v | oaglndmesviadaaiianlwld
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ADANUUANINTTIVANTANANY N vidaudav T
vavudaundavlinnn

&
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» "ﬂ\’"ﬂﬂuﬂmﬂﬂaag uﬂs‘?’m”ﬂufnﬂuﬂﬂ“1]3\7”\1?”“63731”8’37fnﬂ (0]

vaan wn [ dveandaaiuyiian W
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b naammoaa&uuawvyﬁnmzﬁﬂzmn

» N1952U18AINIDY

SEUUUNULIIUD INAGINTTING G

* U0 1 A9.4./1000 kVA
ldWnasgna1meaan

* YUIAWAAN 8.4 AL.8./%M/Total kW Loss
isassuaIme

* YU 3,412 btw/h/kW,
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o ABUNIELEENIUAN WU 125 N, (65 N3.)

WNILILLAS

3 o 85 AsunTaudan wu1 200 . (100 3Ix.) %38
wadn " e e
o H0AARBIMINNINTSINNTIRINUSAANE 28N,

o AIUNITNTINIUANYWT 125 N,

o o o o o 1
. wRfEIsIYTIIIsUBUYasgnTisNTiga [a 3oy
N7 3 1M uay
= (3 <
o UTTIUYBT 2 I AN
& 1 @ I j 4 i 4 I
o 0IUAWNBYUBNIBY 6iBViIYia OD 50 NX. TUILVDIUNA
aanMguan
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) Lflumanumzuuazlmv 1.6 &8, WUag dise mmaum@mﬂﬁaan
Meuan

v §p5ealse 6 §9 100 &I,

v #3609 6991%7%a Load Break

b GHIINITARIAY (YWINT1LEINANAW LENNTT 35 AF.NA.)
» eiasdnasaIaghasigewe [siskaend1 200 and

b unuamﬁljuwmma f2eN19M 18108

» WINNTLUVYDAY 7 laisAeadse DTN 1B

» Tusfbariia mma@n"lmnmﬂaanunvs?%vunvalﬂﬂv uazNYIEG
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v indlauspevaioutlas iy emdis [isael SUMP (maibusag
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* NMTADNLUL &N, 2556
o ANz luMTAa6Y : AauananAg, mn’mmms
e HUNIRTFIUNTNAFAU : Temp Rise uazau
- IEC 60076-11 : audu Class F = 155 C
- IEC 60076-2 : auu Class A = 105 C
- MuAINUaadaaaIncanssaulwil IEC 60076-3

. 'szﬂznm"lumaﬁauamwwaoﬁ'\ﬁuwﬁau,ﬂaa

- TamdTunisiiaanuiamaluasainunanisqua 1ngesnm
e a1 ladnalunisiany NsingITnEN

* AUNAUDINNALURY

- AMANUFULRauaInanlag (Losses)

« InaAu (Material) vavuaaiIn

* ANNEINNIATUNITIZUNAAIINTDUY |

e AuavrNatlay Tuauanaaniving Tunsasiva
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GEN THAI

AN NaRall
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s srunIsNadauviandasinnn

- IEC 60076
 ANSI C57.12-1993
- NEMATR.1

« TIS 384-2543
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TEST LABORATORIES 1al

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 iml
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 o S R

! 19
| YIS T8 i NN e
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GEN THAI

Asnadauidandasinnn

° asunasiauilszin (Routine test)
°* Asunasiauanizuuu (Type test)

°* Asnadaunitee (Special test)
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Asnasaumiaulasiniia 143
A1snasiauilszan ( Routine Test ) dscnauais

A1sIaANusIUNIuAasana’In ( measurement of winding resistance )

Hunisiamnudiumuzasaaalausaazaa twatlsauiaua1nialaserninsmaginfizaalinls
Aalnandaluuasinatanm i launaivaviuaatnaiidaatiu & nsunisudasaiaiteaylun
aaunnfiau Ly Naaunnil 75 °C

A3 indnsdruaasusefunazrnalIsnsIadauni1snszintla ( measurement of voltage
ratio and check of phase displacement )

\Hunrsindns&iuuasuseauaadniand a\‘lL']J‘SEI‘].ILMEI‘]Jﬂ‘]Jﬂ'l‘VI nmummmanmao TA1AINU

aatpdauatludidaunasgrunialivasiunisinaanusrgsguasunalniogadsrumniai
1381131115 UN Vector Group aaduianilas
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Asnadaumiauldaginin ia]

A1snasdaulszan ( Routine Test ) Uscnauaaa

3. N3 indunuauaAaddnivas ( measurement of short-circuit impedance )

Hlun1simu Impedance Voltage saeigni1sadmivasrianlasseninenisnslaia

4. naiaanuganduiian ( measurement of load loss )
Hunisiavaranugaiauasianaliannsa Copper Loss

5. Mainanudatdaluiiinan uaznszsualifitian ( measurement of no - load
loss and current )

Hunisiavnaranugaudaaasin lildanaTmaandsannugatdaluwnuian ( Core Loss )
wagin nanseuanlnaluaaalaluaasli'lalanaivianinaa No-Load Current
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Asnadgauvidandasinnn
A1snasiauilszan ( Routine Test ) dscnauais

6. AMSNAFALANUNUADUSIGUMNAINNAAFIINWAN ( power frequency AC
withstand test )

Lﬂumsm)aaauamumﬂ‘luuuauﬂaammuaﬂsumw ?.IG]LL’S\')&Oﬂ‘]JLL'NGﬂ LL’SOﬂdﬂ‘]J Ground
LL‘i\)GﬂﬂfIJGI‘OUI’]d mﬂmsamusamuaonsuuaaan 50Hz 'sumwoammammaanmumu,aunmm
UIATFIUATUUR

7. AsnadaunuaINUaausIduLiianiidu ( induced voltage test )

lunisaagavawivzadi§FuaIausasisuniuiuaaala sranaisanausdugatiusgaivin
TUALYAVARIAAINTZALLIRNTNININTFIUAAUA

8. nsiamanusumuaulIu ( measurement of insulation resistance )

Hunisanaiasianuiiuauiuiaasrivuasniawdasnianizanin Megger Test 1naain'ls
G aINANFIATNNNINTFIUANUA
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el P

'GEN THAI

Asnasiauvaunldaginnn
A1snasdaulszan ( Routine Test ) Uscnauaaa

9. AMsNaFausausIduaasiieiu ( oil leak test )

dHunsnagaumassidurasdrdedaiinanuduiindy
10. nsnazdauauifluauiuaasiinsiu ( oil dielectric strength test )

Hlunrsnegauiiarartautiuaviugadiniuiaansinanuduasau
lunsauagiingu
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n1snasauniandasinnn

Asnasautanzeul ( Type Test )

1. msneagauusvuanwadgnem ( lightning impulse test )
HunsnagauanuaInuaaIRIUGaLTIFUTNHIANANIATFIUAINUA

2. NMsnadauaaunfiviiindy ( temperature rise test )
Hunsnesauiiainramugfuasiniandassunisegegaindar g
Lnum]mmgmmammﬂaaﬂulmn“l,umumsmmaau LRAIINUNALURY
WA TusiauraRdaliunsdunanadnaalitiu KVA

3. MsiasyauLdev ( determination of sound level ) |
Hlunsneagauiaiaseaultdavuagniaundavaaznananseauilne
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n1snasgauuniaulad T

Asnagaunta ( Special Test )
1. AsnagauaNuAINUGanIsanivaT (short-circuit withstand test)
Hunisnisasnusansemvnaniindunasiinn1sdn9as

2. aginnsaailsyaunggiu (partial discharge measurement)
Hunsneagaunisaradsey Tuiiszninedninsuinasarnelu
AUIUEY Mealundandas tau iy by iusu
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Insulation Class and Temperature Rise

F Class or H Class Insullation Material

Insulation Class

Permissible temp. Rise (K)

Max. System temperature (°C)

B 80 130
F 100 155
H 125 180

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen
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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

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen
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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

-
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Highlights m

« F class insulation
« HV coils completely cast under vacuum into moulds
« Based on high reinforcement of glass fibres insulation

« Best mechanical strength and ideal resistance against temperature fluctuations
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Hardly inflammable and self-extinguishing under short circuit
conditions

No content of any halogen, silicones, nitrogen in the insulation
materials.

Low partial discharge

Highly moisture proof, The transformer can operate under highly
relative humidity and be switched on without pre-drying even after a
long period of storage.

Most efficient cooling, forced cooling system renders increase of load
up to 40%

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen
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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

= nsensitive 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: Thammarat Promphenrangsi, Kasem Nincharoen
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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 PROGHAIIIIE
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
SUMMARY AND CONCLUSION
The test results obdained relate only 1o the work ordered and to tho material tasted
The height ¥ of table 6 was 90mm in siead of approxamitely 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 g Certiication 116 NatheAands
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
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Indesd Inislli@enss

ENT AND TESTENG MATHONAL
— INSTITUYE FOR FLECTRICAL ENGINEERING
ICMET CRAIOVA
a4 HIGH POWER DIVISION oy
HIGH POWER LABORATORY it
“Ovidin Rarines™ e
2079S-CRAIGVA, B DPCEBAL No 118A, RONANIA '\_‘_”: \v
Matioulttion certicaie J183 121999, VAT mursber ROET 1499 nmn':;mmm
n..gmnmu* Facc: (2503 415482 O51) 404 350, CITIYAT D8 ACIRITTAXE
il lgpetisrasay -
TEST REPORT
No. 11042
CUSTOMER: BALIKESIR ELFKTROMEKANIK SANAYI TESISLERE A.$.

Organize Seoeyi Bolgesi, 7 Cadde, No.: 1, 10100 Balikesir - TURKEY

{ANUFACTURER: BALIKESIR ELEKTROMEKANTK SANAYL TESISLERLAS. |
MANUFAC ‘Ommllk Samayi Bolgesi, 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 60076-1172004 sub-clwwsr 7

TEST Aﬁiwwuwmzdmdﬁmdmw
PERFORMED:

TEST PATE: 01032011

TEST RESULT: Passed the test
Wml?waesmdﬂudhedh4wpws&mwhjcbwlﬁwmmmdwpies

HEAD OF LABORATORY:

Eng. Com?gw

DATE OF ISSUE: 0‘ om

1 Ry rager 33 vexl pegdiacy onlly.
Mdehmdmwuwwmwnmwn ik ollooend’
-.v..-' g et of vt st 10 e dberey

lmwdhrm'wd‘afmmwm & pie & X o .
oy srosduct by She ouprpdiustion Sadv =
e am
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KEMAZ TIC 213013

TYPE TEST CERTIFICATE OF SHORT-CIRCUIT PERFORMANCE

APPARATUS A ttvoe-phase dry type distrtution ransformor
DESIGNATION Dry type disiritution ¥raaiormar SERIAL No, RR P
Mated power AL
Rated votage RSP E N T
Corvmiton sywwaed Dynit
Muted freguency 0 Me
MANUFACTURER BEST Transformess,
Habhasr, Turky
TESTED FOR BEST Transformees,
Bakhas, Turkey
TESTED 8Y KEMA HIGH-POWER LABORATORY AND HIGH-VOLTAGE LABORATORY

Urechisowag 210 - 6312 AR Archam - Tha Netherlands
DATE(S) OF TESTS 1510 35 November 2013

The d in ac 0o with the desorplon. drawings and photographs iIncomaorated 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

t’nmumthmom‘dlmfm“mmmmmm
values obtained and the ply with the above Standand
mm»nwnw,n-mnummm

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 e ot
Persanon frew KEMA, Ecasc cophes 10 49 POFAxrmat o scawwe varsioe of
e Carihowm maty b avatnirn wwd heem e Main Tor wdarester sy

The ssdbnd et i rdd wornas o Pu Cortladts s w aody voldl were e

Amham, 15 January 2014
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e S Sl e 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

- 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 <z== with AF, rating increases by up to 40%
. Losses ] lowloss transformers up to ~50% higher costs

- Winding Material <= with Cu about 70% higher price

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen
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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)
(A) 105 65 <«— Oil
(B) 130 80
(F) 155 100 <— Dry
(H) 180 105
(C) 220 150

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen
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el P

WINDING TEMPERATURE RISE GENTHA

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

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen
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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

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen
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TRANSFORMER SPECIFICATION
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
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TRANSFORMER SPECIFICATION GEN THAI
OFF LINE TAP CHANGER — OIL TYPE

- Tap changer located in the tank

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen
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TRANSFORMER ial

GEN THAI

On-Load Tap Changer for frequently varying voltages

Line
terminal
=
X
(-
-
([
(=
(=
(@
(-
=K
— ol &S
60\
s
4o~ |
_— T
g2
/Cl 4
BN 08
Neutral
terminal
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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

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen
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Indesd Ilntelligenos

Special Test

Environmental classes according to IEC Standard:

GEN THAI

* EO No condensation occurs on the fransformers and pollution is negligible

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

e E2 Frequent condensation or heavy pollution or combination of both.

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

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

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

* fest duration: é hours
» after that: separate-source and induced voltage tests (reduced to 75%)

B) humidity penetration test
* humidity in the test chamber: 90% +5%
* temperature: 50 °C #3°C

* test duration: 144 Std.
» after that: separate-source and induced voltage tests (reduced to 75%)

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen
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Special Test

GEN THAI

Climatic classes according to IEC Standard:

e Cl indoor installation only; operation at ambient temperature >-5° ;
transport and storage down to -25 °C
e C2 transport, storage and operation down to -25 °C

Test procedure (new):

» decrease of ambient temperature down to -25 °C in 8 hours

e maintain of the tfransformer at - 25 °C for 12 hours

e Class C1 only: Rise of temperature to - 5°C in 4 hours

e Class C1 only: Maintain of the tfransformer at - 5 °C for 12 hours

* temperature shock: Apply of twice the rated current until the maximum operation
temperature is reached.

e after that: separate-source, induced voltage tests (reduced 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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'GEN THAI

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 CLASSIFIED UNDER THE
CATEGORIES LISTED BELOW:

* Environmental categoryE2
* Climatic category C2
* Fire category F1
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TRANSFORMER SPECIFICATION
FIRE RESISTANCE — DRY TYPE

Fire Class:

GEN THAI

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
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ENCLOSURE AND IP CLASSIFICATION

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

« 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

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen
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DRY TRANSFORMERS - ACCESSORIES m
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
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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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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

Vz<% = (|

3¢ circuit
® ||l

= 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
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SIZ E GEN THAI
= Space constraints
= transformer are bigger and heavier
= No specific advantage between Al or Copper

= Cu transformers are shorter, fatter and heavier but more expensive

Sizes for the Same Rating - Al vs Cu

Winding
Aluminium

Copper
%
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&l
LOCATION lak

« 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

TRANSFORMER: Thammarat Promphenrangsi, Kasem Nincharoen



MAINTENANCE & LIFE CYCLE EXTENSION CEn A

= Preventive & corrective maintenance

= On site active part drying & de-gassing
= Oil regeneration

= Life extension products

* End of life management
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MAINTENANCE
DRY TRANSFORMERS

« Low maintenance

« Annual or quarterly for harsh environments such as dust or
fumes or exposed to vibrations

« Check for tightness of screws and bolts

» Clean dusty surfaces with vacuum clearer or with dry
air / Nitrogen

= |nsulation Resistance Test
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PARTIAL DISCHARGES

= |If the insulation of a winding has a defect, partial discharge
appears.

= In a vacuum cast transformer this defect can originate from an
air bubble generated during the resin filling process.

= This air cavity creates small electrical discharges, e.g. due to
the potential difference between two turns. With time it

destroys the insulation.

Partial discharges
must be
measured.
Standard values
are below 10 pC

Partial discharge

—
—~E3
e

Wndg. tums

Cavity in
bubble
shape

-[ Resin (Insulation)
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MAINTENANCE
OIL TRANSFORMERS

» Check oil leaks and oil level at regular intervals

'GEN THAI

« Oil including Midel are hygroscopic — will absorb
atmospheric moisture

- Maintenance of Silica Gel Breather - monthly
- Annual Oil Sampling
« Increase frequency if highly loaded

« Serviceability of oil — dielectric strength & water
content

« Insulation system — deterioration of oil & paper
produces combustible gases — Dissolved Gas
Analysis

= Maintenance of accessories
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GEN THAI

aklokpEG DI
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ANSa gL UACLINTITnENKauL A

As1inT9snInandas Wi niiauladundldarandeaan
ety 2 38Aa

» AN nENLdeun‘la (collective maintenance )

msmsosﬂmuaomnmuuauﬂao?j'\smu,mLﬂumsmso'snmmmaaowans“mumamswam
Luaomn‘muau:.lJaomamsmmnau"lummsn‘lﬁmumaLLa‘"msmsmmnmamaanmmmﬂu
mmtaﬂmﬂmumlmmao“lﬂ
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ANSnsIAFAULLATLINSISnuUauia
- A1siingvTntavilavAu (preventive maintenance)

N17UN1T9INHINVINANNUNULRZSEAZIRNN laAuua'lT tNailasiu
msmsmamuauﬂaawm wazdvausaiinangnistagiunia
rdas iz uIudy Taain1s19uNLANTATIARALAENIRLNLENAANR
Wusadau lusealesuna wiasail 1iudu Taanisingesneag
Vinsaazangluazdiaguliud) devnnuaananuinilnéle 9
AxzanunsavuNulunisadaniingle twsgastingesneidilasdu
LﬂumsmsosmsnmLuumsm—aawuuawzjauusﬂunaumuuau,ﬂao
Wasiinnns Breakdown waamnsiasfinsaului Aldlunsau
T at19HLNURIYKUN YINTURINNTaTUNaAINANATATESNUN
AUNN LG
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r aiopll RIS K
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GEN THAI

A1s1ingvTntdvilavAiu ( PREVENTIVE MAINTENANCE )

« 6ine36 Visual Check 1i5a Inspection Check

Hunisasyagavalnsainauannvinnlasasitag

a

- enaddinnsanadau ( Measurement Or Testing )
Hunsiauasnagauatnvazidaainsduain Visual Check / Inspection Check
- Insulation Resistance Measurement (Polarization Index)

= PT 100 Check (measure resistance compare with table)

= Temperature Protection Test
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A& a ¥ o = 2
N3ARN{ITNTAIANNAU UNNLIaUAOLAINADIIU wlaau

<& o s 'y
NIATHUIIFIRAZUTIA TR

NITTUURLDELAND oilasni

ARC Uazinn OXIDE 91219911 1%.
U o v

wilaulaszyala

ATIVHDUUATAIITHEUN

savhlignaas

INA2N&za1nBushing
NIUTIFIUALUTIAN

(<1 [
AIVLBANTIINIINYDI

adlnsaldsuusean

& <
Gl‘i'l%t‘liﬂﬂ&l,ﬂ%nﬂ@ﬂ

AT UUAZIUIIABAYNNYA \' :
. -

V) 1 [~f
A3 3TAVLATAIANNLTK
AWINVDINING

mmaaumﬂ%’muwaa

Buchholz relay

1NAMNFEZDIAUAZATIIANTT
SABNVDININUATNUILIWAING
Tagsay

F 329 IAAIRWIBIZIEI
- VARIAUTIFINUVARIAUTIAN
- wmmmwagoﬁu Earth

- ARIALIIGNY Earth

[] {::' %] =1 1
adluinmaindasnnzviala

N

[~ ) a
AT ANIIN NNV DILNDIINNLADS

& S -
AIVNTAILTUF LAY
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AamIsdHiianaunisasIasiauariingIsnn

1.  aanadaundawdadinidraazargl ldalrsainesragsiauluaaizin

gainaMdianuAugIsauadluan wszauduluanaEvinn 1
anutiluauiuanay  aratisduanacaidfigeiuld wasluuagnvinnis
asdadau viuntnadgundlnwdiduninszaznazidudunsale

2. msmaaaaumj’aLtﬂaa“LWﬂwmzﬁﬁu“ly\I TuATFUAzERYG U INEI LS IEN
ADULLAZALAIULLSISINN wastiadu lWiadlrtrivinnsasiagauind'lu
wiali faiulaua?rn bW lvvinnns Discharge Uszavianaagananaludd
wiandaslvivuanaunnass  sIuievinnseansMiataaaaa1 luu e
UH1iGou

3. ansuldalnsaidquasavanuldaansdunie q Tasuaiu 12U gefia
auINgaNAULI S U NN MinAiWg sagvinauiu azahaanduas

Aanaindule
4, H1YinNTANAFAL  siaviinustsavauns1gnIWlLasIfn1silasiu
DURATIEIGIE
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viuasradau uala aAan/iingesnn

: ‘/‘ R
TRANSFORMER: Thammarat Promphenrangsi, Kasem Ninc ar{e'éﬁ 97




Indeed=EAcademy

JIuasI&daU LA 'la Aau/1ingesnn
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asdausausduaavailnsaisaudr1av viaulas Wil

-y 't -l
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JIuasI&EaU tA'la Aan/1ingesnin
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JIuUasIFAU 1At Aan/1i1595n1N CEnTHA

ﬂmnsaomwi'fu (Dehydrating Breather)

nsadaunstldauiuasianiaa (Silica gel) vnl@auananInay
al al o a [J =l a2 o al |
LRauann & utiluguun nias alstl{aulni

= anadaussauiTuludlialsnssuannsasanuduindagluseau
UIRIFIU

= anAdaudatviazidansanssagliufinruindudunasdanelu
LANTEUIY HRIGEY

siavAvihuagiitiauaannaufanvuasane'lu
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JIuasasgau unla Aau/i1ingesnun i
UADINTIFHY — UsI6 WSauLlzLfu

- aRF@MWAY (A51uiingTy, sas Flash Over)

- A5IAANNALAAUDIU AT

- aAgsasIduAaIATILINTY, A TWdaee

- A576 Bolt & Nut maamjﬁlausaqa — 1396

(fu/uan 113e viafiduinigrul aradludnih winsHrasfuvintuiwgu'le)
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. Nuesiadau uA'la adau/idigesnen
nadalnian — aan (AULSIFHY

LLATLLISIGN)
(Terminal Connector H.V.-L.V.)

- a7dAnTatalsa (Arc) dam'luduadlane Lay
RIS

- #5732U Bolt & Nut 2a9 Terminal Connector
T Uy

- aaAdaumNgzaauazn Compound Lia

1 A o Q Qs v @ Q =
MaLARaUARNRUNFUNE LI T un1sAUAINAULAY
aandtauluarn@ -
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AnuUsuusiaulnila (Off Load Tap Changer)

 aAdA WUaY Handle wae Tap Changer
AR aAKIa

» psdARAUTaLN NN UL LRI (Seal)

» A5AdauNsatsA (Arc) wialianfauay Tap
Changer 1aansnuuld —un 4 -5 ady
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mMInszauvriuidatdastnin

It n1sASUGIUILENIRTELAULUNITY

asyansedutnfuatlunaeiunsgIu wia 'l

M5IATU an &Nty

nTAFauTaaduaavinuLadaanI(Seal)

ATIAFAU NILAN/NAFAN INUanAITANIA L
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JIRAINIFEAU le?.l ‘Ii'i)&llﬂ'lé\i%‘ﬂﬂ'l

a 6
iaslaudiaas (Thermometer)

" avIreunszan/maadn wihdauandiyanie lal
" AIIVROUIDLIITNAIILUINY
" avIRaudIamnnd Top Ol IufudNimuanie i

v

" GIIARDUNITIA QM%Q ﬁgﬂ QG%%QVLN'
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Jiuasadau unla ?Jm.ll‘l.l"l‘.i\)‘fn‘lan

audnsaininueu (Pressure Relief Device)
AsAFa VTR ITULARATIULNTY VS alLAY
asadaulziAuni69 (Cover Gasket)

- A’ WULLAUNNEY
- ATNARTALNTUADIUNTY
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“Nuasiasau ufly day /ur999n1N
nsasaulldaaal swael (Buchholz Relay)

GEN THAI

asyARausaLIduLsIMnsEan wihtauandisania’la

AsadUINA Gas fzaununniaudnfnisa‘lyl

H5IARAUANTSITUUDIA A ALAEEN

ATIAXAUNITVININUADIUA LERAILRE
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Indesd Ilntelligenos

JIuasrasiaud un‘la Aau/iingesnun
msoaaauamﬁmﬁanﬁ’a nuU e TN

9/
Q/

andniatlay

-a(". s o

g
)
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JuasEau uala Aau/iingesnen

ASIAFAULLSHANSTA - D15A2AIYEDSU

e MAARIATL
° STULONGAY
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JIuasIdaU un'la 2fan/1ingysnin

r aiopll RIS K
~ :- ' |
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MFIIAUSIAU - AT TN
o atlunnm
o TURARUARNE
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JIUasIASEAU Al 21au /1SN
nsadaualnsaisanautsyginazraanIns gy

e FNMNALUAANINULTIULNULANNFD

o l&¥hdUszunaul.5 winaadndam
o AN ALUURUN LUTTaIANSA
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2 N6 aauﬂ'\muamuuau
- anuilunsaaagiingiu

a© nadaun Breakdown
Voltage anuuassu
ASTM D877 w5a IEC

. m5aFauduaviiniu

Gap (mm.) | Oil Dielectric Strength (kV) Result e o1 ATAUAYAULTIUASH

>34 Good LAY ANURUA
ASTM D877-02 2.54 27 - 29 Fair 2o
P— Recondition * 19 adausiviIalulu
< 20 Poor U
> 40 Good
IEC 60156 25 36 - 40 Fair
30 - 35 Recondition
< 30 Poor
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A1s3asunainTunniu (Water Content Measurement)

Test Method USinouthiudwiu (ppm) Result
< 35 Good

ASTM D1533-88 00
> 35 Poor
<10 Good

IEC 60514 10 - 25 Fair
=25 Poor
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Junasgau uala efau/1ingednen

A32AINAININNIGAAVINALL A

Qs
Q/

InAFLANN, SO LU
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Jiunadau ua'la eAdau/iingesnin

N1565236A1 Insulation Resistance (500 Vdc. — 5000 Vdc. )

= HV. - L.V
= H.V. — Ground
= L.V. — Ground

rinnsinAIauE UM uauIutilural 1 Ui
arunnoiaaasu ( °C)
20 25 30 35 40 50

nsudu k.

22-33

12-24

1Uifiu 3.5
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Junadau wa'la afau/iingesnen 14l

| S
'

AS9AIMATIAINU
AIUNUADIANRIA
NILLSIFI — S9N

iHlunsinaruaIumuaay
AARIOUAILAA LD
wdauniiauanin'lasc1iing
iNagNtaaaalanlialna

11513

Winding resistance test
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dwiur

SIENTISTIMS 2D

SOUSTEEIDESN
LEINISRASID

sEa:don

1 aunsninsawALGU * guUnsniussaBanuoa, e psooanmwaunsnd, Aua:usuin
Ana:USLNnEaBanIa ueuEanrIea MEonNFRESS00os
anvoaildeuoindwombuduuy
ik doun hirhnisidsusanwoalnu
o thuuiuns:undaou e pstossAUIURNs:UnUiunsan
ASEVEIE (Ol Seal) 2MA SSAURNSovD-ADVOEN
SRR
2 anunisusnuoonla uSioruoRiBaurialudouion. msooanwnisusnuoundanUaolui
uUaniuhidn & vovndosUanludy wa-uafiu rrssatusauiniundontaoluin @
70 aRBoudar107 MINWUdaunwsSoulan
sauritnisuiluiagiuaniwauysni
wSaulFow
.0
3 A LA UM RIUEIa0ou HV - LY ASI0IAAIILET LML EIaLEDUNIN
LY — Ground wuslFEH NS INrUALRS TR
HY — Ground flunwlirunAuoov ionlaolukiao
AsJv@aumE Al I uilosall
4 drisusmdaauaoluhin ® /1 AC Breakdown Voltage & fDielectric vaoOuoaUan
Tuiwasuannga 30 kv
o Ao wliunsm 10 e fiAswilunsa doudeandiwsa
iy 0.2 mg KOH/g
5 5.1 masiumnas uSprumhidmnasiummes ® A WE:D WA ASIVADUAN I
aunsninauamidaa:gousun
vavmasiuimas
10
5.2 s#uduiu 0il Level gauge ® UrsuanssFAuiTulionUaaluiiy

manludnsnissatusoudiuonn
guUnNsniRuNET1D

0119319

A9DAFTAULND
1in599 NN
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SEILSTEELRRAN

sea8eR

UENISASI0

dwiur sEMmsinsi
6 adnsnidouniuAowel | amumsussnvenadnsnd
i
(Pressure Reliel Device)
7 yuBonsuan, yuboesy | amumsusnuavaunsnd |
1 taarefinesiuoa | A WEDWR
naione
8 ansniUsu Tap danwiavaunsnl nasAmLo
UL Off-circuit tog Tap
9 VAFBNS 126 amunauenuanaunsni |
AW nasioro
10 aunsnidaoriu
10.1 IUSNINESATLIISY AWl A
piila: Signal Light | (Normal, Reset/open 58
Close) uDUISAINGS
10.2 Wodlaiu HT'I’IIJ}UEI'L]E]IJHEI"L]
10.3 aad anmumauanuengunsnd,
(Lightning Arrester) | AoUa:awma=dosia

msJodaouaniwAnulbtnisSatunay
thium ngunsnimona o

msJaodaudaniuna:niAlua:aan
neusnuavgunsmita:AUILULEY
flowio

AsJvdauaN WA mMsiTIucungs
ndavludrdavinistalusiuiSeu
Auniaus (Smooth)

RSoDdauanIwnazriiAdIua:aA
MEuaNUaVaUNsSMNISAATADILAILNIU
LBUNANNSI2A 1aASI0daUADILINUL
vandiosioniu

10

ASIDADUAN LA AN ILEN ST LU
aunsnd

RSI0AOUAN WA IR WA DR
mauanuavgunsnina:AILIUuDaY
(aFinr0
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SPECIAL THANKS

O

CHAROENCHAI TRANSFORMER CO., LTD,

. SIEMENS A-SINE
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