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TRANSFORMER AND ITS TRANSFORMER AND ITS 
WORKING PRINCIPLEWORKING PRINCIPLE



�� HISTORICALLY,HISTORICALLY, THETHE FIRSTFIRST ELECTRICALELECTRICAL POWERPOWER
DISTRIBUTIONDISTRIBUTION SYSTEMSYSTEM DEVELOPEDDEVELOPED BYBY EDISONEDISON ININ 18801880ss
WASWAS TRANSMITTINGTRANSMITTING DCDC (DIRECT(DIRECT CURRENT)CURRENT)

�� ITIT WASWAS DESIGNEDDESIGNED FORFOR LOWLOW VOLTAGESVOLTAGES (SAFETY(SAFETY ANDAND
DIFFICULTIESDIFFICULTIES ININ VOLTAGEVOLTAGE CONVERSION)CONVERSION);; THEREFORE,THEREFORE,
HIGHHIGH CURRENTSCURRENTS WEREWERE NEEDEDNEEDED TOTO BEBE GENERATEDGENERATED ANDAND
TRANSMITTEDTRANSMITTED TOTO DELIVERDELIVER NECESSARYNECESSARY POWERPOWERTRANSMITTEDTRANSMITTED TOTO DELIVERDELIVER NECESSARYNECESSARY POWERPOWER

�� THISTHIS SYSTEMSYSTEM SUFFEREDSUFFERED SIGNIFICANTSIGNIFICANT ENERGYENERGY LOSSES!LOSSES!
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�� THETHE SECONDSECOND GENERATIONGENERATION OFOF POWERPOWER DISTRIBUTIONDISTRIBUTION SYSTEMSSYSTEMS
(WHAT(WHAT WEWE AREARE STILLSTILL USING)USING) WASWAS PROPOSEDPROPOSED BYBY TESLATESLA FEWFEW
YEARSYEARS LATERLATER..

�� HISHIS IDEAIDEA WASWAS TOTO GENERATEGENERATE ACAC POWERPOWER OFOF ANYANY CONVENIENTCONVENIENT
VOLTAGE,VOLTAGE, STEPSTEP UPUP THETHE VOLTAGEVOLTAGE FORFOR TRANSMISSIONTRANSMISSION ((HIGHERHIGHER
VOLTAGEVOLTAGE IMPLIESIMPLIES LOWERLOWER CURRENTCURRENT AND,AND, THUS,THUS, LOWERLOWER LOSSESLOSSES),),

�� TRANSMITTRANSMIT ACAC POWERPOWER WITHWITH SMALLSMALL LOSSES,LOSSES, ANDAND FINALLYFINALLY STEPSTEP
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�� TRANSMITTRANSMIT ACAC POWERPOWER WITHWITH SMALLSMALL LOSSES,LOSSES, ANDAND FINALLYFINALLY STEPSTEP
DOWNDOWN ITSITS VOLTAGEVOLTAGE FORFOR CONSUMPTIONCONSUMPTION

�� POWERPOWER LOSSLOSS ISIS PROPORTIONALPROPORTIONAL TOTO THETHE SQUARESQUARE OFOF THETHE CURRENTCURRENT
TRANSMITTEDTRANSMITTED

�� THETHE STEPSTEP UPUP ANDAND STEPSTEP DOWNDOWN VOLTAGEVOLTAGE CONVERSIONCONVERSION WASWAS BASEDBASED
ONON THETHE USEUSE OFOF TRANSFORMERSTRANSFORMERS..



�� AA TRANSFORMERTRANSFORMER ISIS AA DEVICEDEVICE

��THATTHAT CONVERTSCONVERTS ONEONE ACAC VOLTAGEVOLTAGE TOTO ANOTHERANOTHER ACAC VOLTAGEVOLTAGE ATAT THETHE
SAMESAME FREQUENCYFREQUENCY

�� ITIT CONSISTSCONSISTS OFOF ONEONE OROR MOREMORE COIL(S)COIL(S) OFOF WIREWIRE WRAPPEDWRAPPED AROUNDAROUND
AA COMMONCOMMON FERROMAGNETICFERROMAGNETIC CORECORE

��THESETHESE COILSCOILS AREARE USUALLYUSUALLY NOTNOT CONNECTEDCONNECTED ELECTRICALLYELECTRICALLY��THESETHESE COILSCOILS AREARE USUALLYUSUALLY NOTNOT CONNECTEDCONNECTED ELECTRICALLYELECTRICALLY
TOGETHERTOGETHER

��HOWEVER,HOWEVER, THEYTHEY AREARE CONNECTEDCONNECTED THROUGHTHROUGH THETHE COMMONCOMMON
MAGNETICMAGNETIC FLUXFLUX CONFINEDCONFINED TOTO THETHE CORECORE

��ASSUMINGASSUMING THATTHAT THETHE TRANSFORMERTRANSFORMER HASHAS ATAT LEASTLEAST TWOTWO
WINDINGS,WINDINGS, ONEONE OFOF THEMTHEM (PRIMARY)(PRIMARY) ISIS CONNECTEDCONNECTED TOTO AA SOURCESOURCE
OFOF ACAC POWERPOWER;; THETHE OTHEROTHER (SECONDARY)(SECONDARY) ISIS CONNECTEDCONNECTED TOTO THETHE
LOADSLOADS..
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��CORE TYPECORE TYPE
��CIRCULAR SHAPED CIRCULAR SHAPED 

WINDINGSWINDINGS

��SHELLSHELL TYPETYPE::
��RECTANGULAR SHAPED RECTANGULAR SHAPED 

WINDINGSWINDINGS



�� CORECORE

��THE CORE WILL WORK AS A THE CORE WILL WORK AS A CAGE FOR THE CAGE FOR THE MAGNETIC FLUXMAGNETIC FLUX

��MOST OF THE MOST OF THE FLUXFLUX WILL BE KEPT WILL BE KEPT INSIDE THE COREINSIDE THE CORE

��THE CORE IS MADE WITH A THE CORE IS MADE WITH A VERY SPECIAL ELECTRICAL STEELVERY SPECIAL ELECTRICAL STEEL

��THETHE STEELSTEEL ISIS MADEMADE ASAS THINTHIN INSULATEDINSULATED SHEETSSHEETS WHICHWHICH MUSTMUST BEBE
MOUNTEDMOUNTED ONEONE BYBY ONEONE

��THETHE FINALFINAL GOALGOAL ISIS TOTO MINIMIZEMINIMIZE THETHE SIZESIZE OFOF THETHE CORECORE ANDAND
LOSSESLOSSES..
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�� THETHE CORECORE:: WHICHWHICH PROVIDESPROVIDES AA PATHPATH FORFOR THETHE MAGNETICMAGNETIC LINESLINES

OFOF FLUXFLUX

�� THETHE PRIMARYPRIMARY WINDINGWINDING:: WHICHWHICH RECEIVESRECEIVES ENERGYENERGY FROMFROM THETHE

ACAC SOURCESOURCE

�� THETHE SECONDARYSECONDARY WINDINGWINDING:: WHICHWHICH RECEIVESRECEIVES ENERGYENERGY FROMFROM�� THETHE SECONDARYSECONDARY WINDINGWINDING:: WHICHWHICH RECEIVESRECEIVES ENERGYENERGY FROMFROM

THETHE PRIMARYPRIMARY WINDINGWINDING ANDAND DELIVERSDELIVERS ITIT TOTO THETHE LOADLOAD

�� THETHE ENCLOSUREENCLOSURE:: WHICHWHICH PROTECTSPROTECTS THETHE ABOVEABOVE COMPONENTSCOMPONENTS

FROMFROM DIRT,DIRT, MOISTURE,MOISTURE, ANDAND MECHANICALMECHANICAL DAMAGEDAMAGE..

11



12

��2 ADJACENT COILS2 ADJACENT COILS

��COILS NOT PHYSICALLY CONNECTED TO EACH OTHERCOILS NOT PHYSICALLY CONNECTED TO EACH OTHER



�� THETHE PRIMARYPRIMARY WINDINGWINDING ISIS CONNECTEDCONNECTED TOTO AA 5050 HERTZHERTZ ACAC
VOLTAGEVOLTAGE SOURCESOURCE

�� THETHE MAGNETICMAGNETIC FIELDFIELD (FLUX)(FLUX) BUILDSBUILDS UPUP (EXPANDS)(EXPANDS) ANDAND
COLLAPSESCOLLAPSES (CONTRACTS)(CONTRACTS) ABOUTABOUT THETHE PRIMARYPRIMARY WINDINGWINDING

�� THETHE EXPANDINGEXPANDING ANDAND CONTRACTINGCONTRACTING MAGNETICMAGNETIC FIELDFIELD�� THETHE EXPANDINGEXPANDING ANDAND CONTRACTINGCONTRACTING MAGNETICMAGNETIC FIELDFIELD
AROUNDAROUND THETHE PRIMARYPRIMARY WINDINGWINDING CUTSCUTS THETHE SECONDARYSECONDARY
WINDINGWINDING ANDAND INDUCESINDUCES ANAN ALTERNATINGALTERNATING VOLTAGEVOLTAGE INTOINTO
THETHE WINDINGWINDING

�� THISTHIS VOLTAGEVOLTAGE CAUSESCAUSES ALTERNATINGALTERNATING CURRENTCURRENT TOTO FLOWFLOW
THROUGHTHROUGH THETHE LOADLOAD

�� THETHE VOLTAGEVOLTAGE MAYMAY BEBE STEPPEDSTEPPED UPUP OROR DOWNDOWN DEPENDINGDEPENDING ONON
THETHE DESIGNDESIGN OFOF THETHE PRIMARYPRIMARY ANDAND SECONDARYSECONDARY WINDINGSWINDINGS..
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�� WHENWHEN AA LOADLOAD DEVICEDEVICE ISIS CONNECTEDCONNECTED ACROSSACROSS THETHE SECONDARYSECONDARY
WINDINGWINDING OFOF AA TRANSFORMER,TRANSFORMER, CURRENTCURRENT FLOWSFLOWS THROUGHTHROUGH THETHE
SECONDARYSECONDARY ANDAND THETHE LOADLOAD

�� THETHE MAGNETICMAGNETIC FIELDFIELD PRODUCEDPRODUCED BYBY THETHE CURRENTCURRENT ININ THETHE
SECONDARYSECONDARY INTERACTSINTERACTS WITHWITH THETHE MAGNETICMAGNETIC FIELDFIELD PRODUCEDPRODUCED BYBY
THETHE CURRENTCURRENT ININ THETHE PRIMARYPRIMARY

�� THISTHIS INTERACTIONINTERACTION RESULTSRESULTS FROMFROM THETHE MUTUALMUTUAL INDUCTANCEINDUCTANCE
BETWEENBETWEEN THETHE PRIMARYPRIMARY ANDAND SECONDARYSECONDARY WINDINGSWINDINGS..
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BETWEENBETWEEN THETHE PRIMARYPRIMARY ANDAND SECONDARYSECONDARY WINDINGSWINDINGS..

�� SIMPLE TRANSFORMER INDICATING SIMPLE TRANSFORMER INDICATING 
PRIMARYPRIMARY-- AND SECONDARYAND SECONDARY--WINDING WINDING 
FLUX RELATIONSHIPFLUX RELATIONSHIP



�� THETHE VOLTAGESVOLTAGES ININ THETHE PRIMARYPRIMARY && SECONDARYSECONDARY COILSCOILS
DEPENDDEPEND ONON NUMBERNUMBER OFOF TURNSTURNS ININ COILSCOILS
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VVpp = PRIMARY VOLTAGE= PRIMARY VOLTAGE

VVss = SECONDARY VOLTAGE= SECONDARY VOLTAGE

NNpp = NUMBER OF TURNS OF PRIMARY COIL= NUMBER OF TURNS OF PRIMARY COIL

NNss = NUMBER OF TURNS OF SECONDARY COIL= NUMBER OF TURNS OF SECONDARY COIL



�� THERE ARE 2 TYPES OF TRANSFORMERSTHERE ARE 2 TYPES OF TRANSFORMERS

11 STEPSTEP--UP TRANSFORMERUP TRANSFORMER

Vs >>>> Vp
NNss >>>>>>>> NNpp

CIRCUIT CIRCUIT 
SYMBOLSYMBOL

Vs >>>> Vp

22 STEPSTEP--DOWN TRANSFORMERDOWN TRANSFORMER

Vs < Vp NNss << NNpp

CIRCUIT CIRCUIT 
SYMBOLSYMBOL
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�� IF NO POWER IS LOST IN A TRANSFORMERIF NO POWER IS LOST IN A TRANSFORMER
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((NO POWER LOSS)NO POWER LOSS)



�� IFIF THETHE SECONDARYSECONDARY OFOF AA TRANSFORMERTRANSFORMER HASHAS TWOTWO TIMESTIMES ASAS
MANYMANY TURNSTURNS ASAS THETHE PRIMARYPRIMARY,, THETHE VOLTAGEVOLTAGE INDUCEDINDUCED INTOINTO
THETHE SECONDARYSECONDARY WILLWILL BEBE TWOTWO TIMESTIMES THETHE VOLTAGEVOLTAGE ACROSSACROSS
THETHE PRIMARYPRIMARY

�� IFIF THETHE SECONDARYSECONDARY HASHAS ONEONE--HALFHALF ASAS MANYMANY TURNSTURNS ASAS THETHE
PRIMARY,PRIMARY, THETHE VOLTAGEVOLTAGE ACROSSACROSS THETHE SECONDARYSECONDARY WILLWILL BEBE
ONEONE--HALFHALF THETHE VOLTAGEVOLTAGE ACROSSACROSS THETHE PRIMARYPRIMARY..
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ONEONE--HALFHALF THETHE VOLTAGEVOLTAGE ACROSSACROSS THETHE PRIMARYPRIMARY..

�� HOWEVER,HOWEVER, THETHE TURNSTURNS RATIORATIO ANDAND THETHE CURRENTCURRENT RATIORATIO OFOF AA
TRANSFORMERTRANSFORMER HAVEHAVE ANAN INVERSEINVERSE RELATIONSHIPRELATIONSHIP..

�� THUS,THUS, AA 11::22 STEPSTEP--UPUP TRANSFORMERTRANSFORMER WILLWILL HAVEHAVE ONEONE--HALFHALF
THETHE CURRENTCURRENT ININ THETHE SECONDARYSECONDARY ASAS ININ THETHE PRIMARYPRIMARY..

�� AA 22::11 STEPSTEP--DOWNDOWN TRANSFORMERTRANSFORMER WILLWILL HAVEHAVE TWICETWICE THETHE
CURRENTCURRENT ININ THETHE SECONDARYSECONDARY ASAS ININ THETHE PRIMARYPRIMARY..



�� POWERPOWER TRANSFORMERSTRANSFORMERS :: USEDUSED ININ TRANSMISSIONTRANSMISSION

NETWORKNETWORK OFOF HIGHERHIGHER VOLTAGES,VOLTAGES, DEPLOYEDDEPLOYED FORFOR STEPSTEP--UPUP
ANDAND STEPSTEP DOWNDOWN TRANSFORMERTRANSFORMER APPLICATIONAPPLICATION ((765765 kV,kV, 400400
kV,kV, 220220 kV,kV, 110110 kV,kV, 6666 kV,kV, 3333kV,kV,2222kV)kV)
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�� DISTRIBUTIONDISTRIBUTION TRANSFORMERSTRANSFORMERS:: USEDUSED FORFOR LOWERLOWER

VOLTAGEVOLTAGE DISTRIBUTIONDISTRIBUTION NETWORKSNETWORKS ASAS AA MEANSMEANS TOTO ENDEND
USERUSER CONNECTIVITYCONNECTIVITY.. ((1111kV,kV, 66..66 kV,kV, 33..33 kV,kV, 440440V,V, 230230V)V)



TRANSFORMER CONNECTIONS

�� DELTA/STARDELTA/STAR:: USED IN GENERATING STATIONS FOR STEP-UP

�� STAR/DELTASTAR/DELTA:: USED IN RECEIVING STATIONS FOR STEP-DOWN

�� ALL GTsALL GTs ARE DELTA/STAR CONNECTED
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�� ALLALL TIETIE ININ TRANSFORMERSTRANSFORMERS ARE STAR/STAR CONNECTED.



TRANSFORMER CONNECTIONS

�� STAR / STAR  CONNECTIONSTAR / STAR  CONNECTION
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�� STAR / DELTA  CONNECTIONSTAR / DELTA  CONNECTION



VARIOUS TYPES OF VARIOUS TYPES OF 
TRANSFORMERS USED IN TRANSFORMERS USED IN 
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TRANSFORMERS USED IN TRANSFORMERS USED IN 
A POWER STATIONA POWER STATION
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�� GENERATOR TRANSFORMER (GT)GENERATOR TRANSFORMER (GT)

�� STATION TRANSFORMER (ST)STATION TRANSFORMER (ST)

�� UNIT AUXILIARY TRANSFORMER (UAT)UNIT AUXILIARY TRANSFORMER (UAT)

�� EXCITATION TRANSFORMEREXCITATION TRANSFORMER�� EXCITATION TRANSFORMEREXCITATION TRANSFORMER

�� NEUTRAL GROUNDING TRANSFORMERNEUTRAL GROUNDING TRANSFORMER

�� AUXILIARY TRANSFORMERSAUXILIARY TRANSFORMERS
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�� GENERATORGENERATOR TRANSFORMERTRANSFORMER:: THETHE GENERATORGENERATOR ISIS CONNECTEDCONNECTED TOTO
THISTHIS TRANSFORMERTRANSFORMER BYBY MEANSMEANS OFOF ISOLATEDISOLATED BUSBUS DUCTSDUCTS..

�� THISTHIS TRANSFORMERTRANSFORMER ISIS USEDUSED TOTO STEPSTEP UPUP THETHE GENERATINGGENERATING
VOLTAGEVOLTAGE OFOF AROUNDAROUND 1515KVKV TOTO GRIDGRID VOLTAGEVOLTAGE..

�� THISTHIS TRANSFORMERTRANSFORMER ISIS GENERALLYGENERALLY PROVIDEDPROVIDED WITHWITH OFAFOFAF
COOLINGCOOLING..

�� ITIT ISIS ALSOALSO PROVIDEDPROVIDED WITHWITH OFFOFF CIRCUIT/ONCIRCUIT/ON LOADLOAD TAPSTAPS ONON THETHE
HIGHHIGH VOLTAGEVOLTAGE SIDESIDE..

�� THISTHIS TRANSFORMERTRANSFORMER HASHAS ELABORATEELABORATE COOLINGCOOLING SYSTEMSYSTEM
CONSISTINGCONSISTING OFOF NUMBERNUMBER OFOF OILOIL PUMPSPUMPS ANDAND COOLINGCOOLING FANSFANS
APARTAPART FROMFROM VARIOUSVARIOUS ACCESSORIESACCESSORIES..
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�� THETHE UATUAT DRAWSDRAWS ITSITS INPUTINPUT FROMFROM THETHE MAINMAIN BUSBUS--DUCTDUCT
CONNECTINGCONNECTING GENERATORGENERATOR TOTO THETHE GENERATORGENERATOR TRANSFORMERTRANSFORMER..

�� THETHE TOTALTOTAL KVAKVA CAPACITYCAPACITY OFOF UNITUNIT AUXILIARYAUXILIARY TRANSFORMERTRANSFORMER
REQUIREDREQUIRED CANCAN BEBE DETERMINEDDETERMINED BYBY ASSUMINGASSUMING 00..8585 POWERPOWER
FACTORFACTOR ANDAND 00..99 EFFICIENCYEFFICIENCY FORFOR TOTALTOTAL AUXILIARYAUXILIARY MOTORMOTOR LOADLOAD..

�� ITIT ISIS SAFESAFE ANDAND DESIRABLEDESIRABLE TOTO PROVIDEPROVIDE ABOUTABOUT 2020%% EXCESSEXCESS
CAPACITYCAPACITY THANTHAN CIRCULATECIRCULATE SOSO ASAS TOTO PROVIDEPROVIDE FORFOR
MISCELLANEOUSMISCELLANEOUS AUXILIARIESAUXILIARIES ANDAND POSSIBLEPOSSIBLE INCREASEINCREASE ININMISCELLANEOUSMISCELLANEOUS AUXILIARIESAUXILIARIES ANDAND POSSIBLEPOSSIBLE INCREASEINCREASE ININ
AUXILIARYAUXILIARY LOADLOAD..

�� WITHWITH HIGHERHIGHER UNITUNIT RATINGSRATINGS ANDAND HIGHERHIGHER STEAMSTEAM CONDITIONS,CONDITIONS,
THETHE AUXILIARYAUXILIARY POWERPOWER REQUIREDREQUIRED ALSOALSO INCREASESINCREASES ANDAND
LIMITATIONSLIMITATIONS IMPOSEDIMPOSED BYBY THETHE SWITCHGEARSWITCHGEAR VOLTAGESVOLTAGES
AVAILABLE,AVAILABLE, INDICATEINDICATE THETHE MAXIMUMMAXIMUM SIZESIZE OFOF UNITUNIT AUXILIARYAUXILIARY
TRANSFORMERTRANSFORMER WHICHWHICH CANCAN BEBE USEDUSED
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�� THETHE STATIONSTATION TRANSFORMERTRANSFORMER ISIS REQUIREDREQUIRED TOTO FEEDFEED POWERPOWER TOTO THETHE
AUXILIARIESAUXILIARIES DURINGDURING STARTSTART UPSUPS..

�� THISTHIS TRANSFORMERTRANSFORMER ISIS NORMALLYNORMALLY RATEDRATED FORFOR THETHE INITIALINITIAL
AUXILIARYAUXILIARY LOADLOAD REQUIREMENTSREQUIREMENTS OFOF UNITUNIT..

�� ININ TYPICALTYPICAL CASES,CASES, THISTHIS LOADLOAD ISIS OFOF THETHE ORDERORDER OFOF 6060%% OFOF THETHE
LOADLOAD ATAT FULLFULL GENERATINGGENERATING CAPACITYCAPACITY..LOADLOAD ATAT FULLFULL GENERATINGGENERATING CAPACITYCAPACITY..

�� BUTBUT ININ LARGELARGE STATIONSSTATIONS WHEREWHERE MOREMORE THANTHAN ONEONE UNITSUNITS AREARE
OPERATING,OPERATING, THETHE STATIONSTATION TRANSFORMERSTRANSFORMERS SHOULDSHOULD HAVEHAVE
SUFFICIENTSUFFICIENT CAPACITYCAPACITY TOTO STARTSTART TWOTWO UNITSUNITS ATAT AA TIMETIME ININ
ADDITIONADDITION TOTO FEEDINGFEEDING THETHE COMMONCOMMON AUXILIARIESAUXILIARIES..

�� ITIT ISIS ALSOALSO PROVIDEDPROVIDED WITHWITH ONON LOADLOAD TAPTAP CHANGERCHANGER TOTO CATERCATER TOTO
THETHE FLUCTUATINGFLUCTUATING VOLTAGEVOLTAGE OFOF THETHE GRIDGRID..
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�� THESETHESE TRANSFORMERSTRANSFORMERS AREARE EMPLOYEDEMPLOYED ININ THETHE POWERPOWER PLANTSPLANTS FORFOR
DELIVERINGDELIVERING POWERPOWER TOTO LOWLOW VOLTAGEVOLTAGE LOADSLOADS (VOLTAGE(VOLTAGE BELOWBELOW
11KV)KV)..

�� THESETHESE TRANSFORMERSTRANSFORMERS CONNECTSCONNECTS BETWEENBETWEEN HVHV DISTRIBUTIONDISTRIBUTION

BUSESBUSES ANDAND LVLV DISTRIBUTIONDISTRIBUTION BUSESBUSES OFOF THETHE PLANTPLANT..

�� THEIRTHEIR RATINGRATING WILLWILL BEBE AROUNDAROUND 11 TOTO 55MVA,MVA, NATURALNATURAL OILOIL
COOLINGCOOLING OROR AIRAIR COOLEDCOOLED TRANSFORMERSTRANSFORMERS AREARE USEDUSED..
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COOLINGCOOLING OROR AIRAIR COOLEDCOOLED TRANSFORMERSTRANSFORMERS AREARE USEDUSED..

��SOMESOME OFOF THETHE POINTSPOINTS RELATEDRELATED TOTO STATIONSTATION AUXILIARYAUXILIARY
TRANSFORMERSTRANSFORMERS AREARE LISTEDLISTED BELOWBELOW::

�� THESETHESE TRANSFORMERSTRANSFORMERS AREARE LOCATEDLOCATED ININ POWERPOWER PLANTPLANT TOTO STEPSTEP
DOWNDOWN VOLTAGEVOLTAGE FROMFROM 66..66KVKV TOTO 415415VV..

�� THETHE RATINGRATING FORFOR THISTHIS TRANSFORMERTRANSFORMER CORRESPONDSCORRESPONDS TOTO THETHE
RATINGRATING OFOF THETHE AUXILIARYAUXILIARY LOADLOAD ITIT SHOULDSHOULD BEBE BEARINGBEARING..

�� THESETHESE TRANSFORMERSTRANSFORMERS AREARE INDOORINDOOR TYPETYPE ANDAND USUALLYUSUALLY DRYDRY TYPETYPE
TRANSFORMERSTRANSFORMERS AREARE USEDUSED..



��THETHE CONSERVATORCONSERVATOR (RESERVOIR)(RESERVOIR)
ATAT TOPTOP PROVIDESPROVIDES OILOIL TOTO
ATMOSPHEREATMOSPHERE ISOLATIONISOLATION ASAS
COOLANTCOOLANT LEVELLEVEL ANDAND
TEMPERATURETEMPERATURE CHANGESCHANGES..
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TEMPERATURETEMPERATURE CHANGESCHANGES..

��THETHE WALLSWALLS ANDAND FINSFINS PROVIDEPROVIDE
REQUIREDREQUIRED HEATHEAT DISSIPATIONDISSIPATION
BALANCEBALANCE

CUTAWAY VIEW OF OIL CUTAWAY VIEW OF OIL 
IMMERSED CONSTRUCTION IMMERSED CONSTRUCTION 

TRANSFORMERTRANSFORMER
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�� STEPSTEP DOWNDOWN VALUESVALUES TOTO SAFESAFE LEVELSLEVELS FORFOR MEASUREMENTMEASUREMENT

�� POTENTIAL TRANSFORMERSPOTENTIAL TRANSFORMERS

�� ALSO CALLED VOLTAGE TRANSFORMERSALSO CALLED VOLTAGE TRANSFORMERS

�� STANDARD OUTPUT 120VSTANDARD OUTPUT 120V

�� CURRENT TRANSFORMERSCURRENT TRANSFORMERS

�� STANDARD OUTPUT OF 1 OR 5 AMPSSTANDARD OUTPUT OF 1 OR 5 AMPS

�� METERING AND RELAYING STANDARDSMETERING AND RELAYING STANDARDS

�� CAN PRODUCE HIGH VOLTAGES IF OPEN CIRCUITEDCAN PRODUCE HIGH VOLTAGES IF OPEN CIRCUITED
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CONSTRUCTIONAL FEATURES OF MAIN CONSTRUCTIONAL FEATURES OF MAIN 
TRANSFORMER AND ACCESSORIESTRANSFORMER AND ACCESSORIES

33

TRANSFORMER AND ACCESSORIESTRANSFORMER AND ACCESSORIES
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1.1. TANKTANK

2.2. RADIATOR/ FAN/PUMPRADIATOR/ FAN/PUMP

3.3. BUSHINGSBUSHINGS

4.4. TAP CHANGERTAP CHANGER

5.5. CONSERVATORCONSERVATOR

6.6. BREATHERBREATHER

7.7. TEMPERATURE INDICATORSTEMPERATURE INDICATORS7.7. TEMPERATURE INDICATORSTEMPERATURE INDICATORS

8.8. BUCHHOLZ RELAY/OIL SURGE RELAYBUCHHOLZ RELAY/OIL SURGE RELAY

9.9. OIL LEVEL GAUGEOIL LEVEL GAUGE

10.10. PRESSURE RELIEF DEVICE (PRD)PRESSURE RELIEF DEVICE (PRD)

11.11. VALVESVALVES

12.12. ROLLERROLLER

13.13. COOLER CONTROL CUBICLE (MARSHALLING BOX)COOLER CONTROL CUBICLE (MARSHALLING BOX)

14.14. REMOTE TAP CHANGER CONTROL CUBICLE (RTCC)REMOTE TAP CHANGER CONTROL CUBICLE (RTCC)
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1. FLANGE FOR MOUNTING. 1. FLANGE FOR MOUNTING. 

2. TANK, TANK COVER. 2. TANK, TANK COVER. 

3. CORE. 3. CORE. 

4. CONSERVATOR. 4. CONSERVATOR. 

5. COOLER (RADIATOR).       5. COOLER (RADIATOR).       

6. WINDINGS 6. WINDINGS 

7. LV BUSHING. 7. LV BUSHING. 
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8. HV BUSHING.8. HV BUSHING.

9. TERMINALS CONNECTIONS.9. TERMINALS CONNECTIONS.

10. CARRIAGE.10. CARRIAGE.

11. CORE11. CORE--BOLTS.BOLTS.

12. HEADER. 12. HEADER. 

13. THERMOMETER.13. THERMOMETER.

14. BUCHHOLZ RELAY.14. BUCHHOLZ RELAY.

15. BREATHER.15. BREATHER.



��RADIATORSRADIATORS AREARE USEDUSED TOTO
INCREASEINCREASE THETHE COOLINGCOOLING
AREAAREA

��DUEDUE TOTO TRANSFORMERTRANSFORMER OILOIL
GETSGETS HEATEDHEATED UP,UP, HOTHOT OILOIL
RISESRISES TOTO TOPTOP && FLOWFLOW TOTO
RADIATORRADIATOR

37

RADIATORRADIATOR

�� ININ RADIATORRADIATOR WHILEWHILE
FLOWINGFLOWING DOWN,DOWN, OILOIL
DISSIPATESDISSIPATES HEATHEAT TOTO
COOLINGCOOLING MEDIUMMEDIUM

��COLDCOLD OILOIL AGAINAGAIN ENTERSENTERS
TRANSFORMERTRANSFORMER ATAT BOTTOMBOTTOM
OFOF RADIATORRADIATOR
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�� WITHWITH THETHE VARIATIONVARIATION OFOF TEMPERATURETEMPERATURE THERETHERE ISIS
CORRESPONDINGCORRESPONDING VARIATIONVARIATION ININ THETHE OILOIL VOLUMEVOLUME

�� TOTO ACCOUNTACCOUNT FORFOR THIS,THIS, ANAN EXPANSIONEXPANSION VESSELVESSEL CALLEDCALLED
CONSERVATORCONSERVATOR ISIS ADDEDADDED TOTO THETHE TRANSFORMERTRANSFORMER WITHWITH AA
CONNECTINGCONNECTING PIPEPIPE TOTO THETHE MAINMAIN TANKTANK

�� ININ SMALLERSMALLER TRANSFORMERSTRANSFORMERS THISTHIS VESSELVESSEL ISIS OPENOPEN TOTO
ATMOSPHEREATMOSPHERE THROUGHTHROUGH DEHYDRATINGDEHYDRATING BREATHERSBREATHERS (TO(TO KEEPKEEP THETHEATMOSPHEREATMOSPHERE THROUGHTHROUGH DEHYDRATINGDEHYDRATING BREATHERSBREATHERS (TO(TO KEEPKEEP THETHE
AIRAIR DRY)DRY)

�� ININ LARGERLARGER TRANSFORMERS,TRANSFORMERS, ANAN AIRAIR BAGBAG ISIS MOUNTEDMOUNTED INSIDEINSIDE THETHE
CONSERVATORCONSERVATOR WITHWITH THETHE INSIDEINSIDE OFOF BAGBAG OPENOPEN TOTO ATMOSPHEREATMOSPHERE
THROUGHTHROUGH THETHE BREATHERSBREATHERS ANDAND THETHE OUTSIDEOUTSIDE SURFACESURFACE OFOF THETHE BAGBAG
ININ CONTACTCONTACT WITHWITH THETHE OILOIL SURFACESURFACE..
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SILICA GEL BREATHERSILICA GEL BREATHER



�� BOTHBOTH TRANSFORMERTRANSFORMER OILOIL ANDAND CELLULOSICCELLULOSIC PAPERPAPER AREARE HIGHLYHIGHLY
HYGROSCOPICHYGROSCOPIC

�� PAPERPAPER BEINGBEING MOREMORE HYGROSCOPICHYGROSCOPIC THANTHAN THETHE MINERALMINERAL OILOIL TOTO THETHE
MOISTURE,MOISTURE, IFIF NOTNOT EXCLUDEDEXCLUDED FROMFROM THETHE OILOIL SURFACESURFACE ININ
CONSERVATOR,CONSERVATOR, THISTHIS WILLWILL FINDFIND ITSITS WAYWAY FINALLYFINALLY INTOINTO THETHE PAPERPAPER
INSULATIONINSULATION ANDAND CAUSESCAUSES REDUCTIONREDUCTION INSULATIONINSULATION STRENGTHSTRENGTH OFOF
TRANSFORMERTRANSFORMER..TRANSFORMERTRANSFORMER..

�� TOTO MINIMISEMINIMISE THISTHIS THETHE CONSERVATORCONSERVATOR ISIS ALLOWEDALLOWED TOTO BREATHEBREATHE
ONLYONLY THROUGHTHROUGH THETHE SILICAGELSILICAGEL COLUMNCOLUMN,, WHICHWHICH ABSORBSABSORBS THETHE
MOISTUREMOISTURE ININ AIRAIR BEFOREBEFORE ITIT ENTERSENTERS THETHE--CONSERVATORCONSERVATOR AIRAIR
SURFACESURFACE..
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�� MOSTMOST OFOF THETHE TRANSFORMERTRANSFORMER ((SMALLSMALL TRANSFORMERSTRANSFORMERS HAVEHAVE ONLYONLY
OTIOTI)) AREARE PROVIDEDPROVIDED WITHWITH INDICATORSINDICATORS THATTHAT DISPLACEDISPLACE OILOIL
TEMPERATURETEMPERATURE ANDAND WINDINGWINDING TEMPERATURETEMPERATURE

�� THERETHERE AREARE THERMOMETERSTHERMOMETERS POCKETSPOCKETS PROVIDEDPROVIDED ININ THETHE TANKTANK
TOPTOP COVERCOVER

�� OILOIL TEMPERATURETEMPERATURE MEASUREDMEASURED ISIS THATTHAT OFOF THETHE TOPTOP OIL,OIL, WHEREWHERE ASAS�� OILOIL TEMPERATURETEMPERATURE MEASUREDMEASURED ISIS THATTHAT OFOF THETHE TOPTOP OIL,OIL, WHEREWHERE ASAS
THETHE WINDINGWINDING TEMPERATURETEMPERATURE MEASUREMENTMEASUREMENT ISIS INDIRECTINDIRECT,, THISTHIS ISIS
DONEDONE BYBY ADDINGADDING THETHE TEMPERATURETEMPERATURE RISERISE

�� FORFOR PROPERPROPER FUNCTIONINGFUNCTIONING OROR OTIOTI && WTIWTI ITIT ISIS ESSENTIALESSENTIAL TOTO
KEEPKEEP THETHE THERMOMETERSTHERMOMETERS POCKETPOCKET CLEANCLEAN ANDAND FILLEDFILLED WITHWITH OILOIL..
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�� TRANSFORMERSTRANSFORMERS TANKTANK ISIS AA PRESSUREPRESSURE VESSELVESSEL ASAS THETHE INSIDEINSIDE
PRESSUREPRESSURE CANCAN GROUPGROUP STEEPLYSTEEPLY WHENEVERWHENEVER THERETHERE ISIS AA FAULTFAULT ININ
THETHE WINDINGSWINDINGS ANDAND THETHE SURROUNDINGSURROUNDING OILOIL ISIS SUDDENLYSUDDENLY
VAPORIZEDVAPORIZED

�� TANKSTANKS AREARE TESTEDTESTED FORFOR AA PRESSUREPRESSURE WITHSTANDWITHSTAND CAPACITYCAPACITY OFOF 00..3535
kg/kg/ cmcm22 TOTO PREVENTPREVENT BURSTINGBURSTING OFOF THETHE TANK,TANK, THESETHESE TANKSTANKS AREARE ININkg/kg/ cmcm22 TOTO PREVENTPREVENT BURSTINGBURSTING OFOF THETHE TANK,TANK, THESETHESE TANKSTANKS AREARE ININ
ADDITIONADDITION PROVIDEDPROVIDED WITHWITH EXPANSIONEXPANSION VENTSVENTS WITHWITH AA THINTHIN
DIAPHRAGMDIAPHRAGM MADEMADE OFOF BAKELITE/COPPER/GLASSBAKELITE/COPPER/GLASS ATAT THETHE ENDEND

�� ININ PRESENTPRESENT DAYDAY TRANSFORMERS,TRANSFORMERS, PRESSUREPRESSURE RELIEFRELIEF DEVICESDEVICES AREARE
REPLACINGREPLACING THETHE EXPANSIONEXPANSION VENTS,VENTS, THESETHESE AREARE SIMILARSIMILAR TOTO SAFETYSAFETY
VALVESVALVES ONON BOILERSBOILERS (SPRING(SPRING LOADED)LOADED)..
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�� WORKSWORKS ASAS AA PRESSUREPRESSURE RELEASINGRELEASING
VALVEVALVE
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�� EQUIPPEDEQUIPPED WITHWITH ALARM/TRIPALARM/TRIP CONTACTCONTACT

�� OPERATINGOPERATING PRESSUREPRESSURE::88 kg/kg/ cmcm22
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�� BUCHHOLZBUCHHOLZ RELAYRELAY ISIS AA GASGAS-- ACTUATEDACTUATED RELAYRELAY INSTALLEDINSTALLED ININ OILOIL--
IMMERSEDIMMERSED TRANSFORMERSTRANSFORMERS FORFOR PROTECTIONPROTECTION AGAINSTAGAINST ALLALL KINDKIND
OFOF FAULTSFAULTS..

�� ITIT ISIS USEDUSED TOTO GIVESGIVES ANAN ALARMALARM ININ CASECASE OFOF SLOWSLOW DEVELOPINGDEVELOPING
FAULTSFAULTS OROR INCIPIENTINCIPIENT FAULTSFAULTS ININ THETHE TRANSFORMERTRANSFORMER ANDAND TOTO
DISCONNECTDISCONNECT THETHE TRANSFORMERTRANSFORMER FROMFROM THETHE SUPPLYSUPPLY ININ THETHE EVENTEVENT
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DISCONNECTDISCONNECT THETHE TRANSFORMERTRANSFORMER FROMFROM THETHE SUPPLYSUPPLY ININ THETHE EVENTEVENT
OFOF SEVERESEVERE INTERNALINTERNAL FAULTSFAULTS..

�� ITIT ISIS INSTALLEDINSTALLED ININ THETHE PIPEPIPE BETWEENBETWEEN THETHE CONSERVATORCONSERVATOR ANDAND
MAINMAIN TANKTANK ASAS SHOWNSHOWN ININ FIGFIG ONON NEXTNEXT SLIDESLIDE.. THISTHIS RELAYRELAY ISIS USEDUSED

ININ OILOIL--IMMERSEDIMMERSED TRANSFORMERSTRANSFORMERS OFOF RATINGRATING ABOVEABOVE 750750 kVAkVA..
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�� BUCHHOLZBUCHHOLZ PROTECTIONPROTECTION ISIS NORMALLYNORMALLY PROVIDEDPROVIDED ONON ALLALL
TRANSFORMERSTRANSFORMERS FITTEDFITTED WITHWITH AA CONSERVATORCONSERVATOR.. THETHE BUCHHOLZBUCHHOLZ
RELAYRELAY ISIS CONTAINEDCONTAINED ININ AA CASTCAST HOUSINGHOUSING WHICHWHICH ISIS CONNECTEDCONNECTED
ININ THETHE PIPEPIPE TOTO THETHE CONSERVATOR,CONSERVATOR, ASAS ININ FIGUREFIGURE BELOWBELOW

�� AA TYPICALTYPICAL BUCHHOLZBUCHHOLZ RELAYRELAY
WILLWILL HAVEHAVE TWOTWO SETSSETS OFOF
CONTACTSCONTACTS..

�� ONEONE ISIS ARRANGEDARRANGED TOTO OPERATEOPERATE
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�� ONEONE ISIS ARRANGEDARRANGED TOTO OPERATEOPERATE
FORFOR SLOWSLOW ACCUMULATIONSACCUMULATIONS OFOF
GAS,GAS, THETHE OTHEROTHER FORFOR BULKBULK
DISPLACEMENTDISPLACEMENT OFOF OILOIL ININ THETHE
EVENTEVENT OFOF AA HEAVYHEAVY INTERNALINTERNAL
FAULTFAULT..

�� ANAN ALARMALARM ISIS GENERATEDGENERATED FORFOR
THETHE FORMER,FORMER, BUTBUT THETHE LATTERLATTER ISIS
USUALLYUSUALLY DIRECTDIRECT--WIREDWIRED TOTO THETHE
CBCB TRIPTRIP RELAYRELAY..



50



�� ININ CASECASE OFOF SLOWSLOW DEVELOPINGDEVELOPING FAULTSFAULTS WITHINWITHIN THETHE TRANSFORMER,TRANSFORMER,
THETHE HEATHEAT DUEDUE TOTO THETHE FAULTFAULT CAUSESCAUSES DECOMPOSITIONDECOMPOSITION OFOF SOMESOME
TRANSFORMERTRANSFORMER OILOIL ININ THETHE MAINMAIN TANKTANK..

�� THETHE PRODUCTSPRODUCTS OFOF DECOMPOSITIONDECOMPOSITION MAINLYMAINLY CONTAINCONTAIN 7070%% OFOF
HYDROGENHYDROGEN GASGAS.. THETHE HYDROGENHYDROGEN GASGAS BEINGBEING LIGHTLIGHT TRIESTRIES TOTO GOGO
INTOINTO THETHE CONSERVATORCONSERVATOR ANDAND ININ THETHE PROCESSPROCESS GETSGETS TRAPPEDTRAPPED ININ
THETHE UPPERUPPER PARTPART OFOF THETHE RELAYRELAY CHAMBERCHAMBER..
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�� WHENWHEN AA PREDETERMINEDPREDETERMINED AMOUNTAMOUNT OFOF GASGAS GETSGETS ACCUMULATED,ACCUMULATED, ITIT
EXERTSEXERTS SUFFICIENTSUFFICIENT PRESSUREPRESSURE ONON THETHE FLOATFLOAT TOTO CAUSECAUSE ITIT TOTO TILTTILT
ANDAND CLOSECLOSE THETHE CONTACTSCONTACTS OFOF MERCURYMERCURY SWITCHSWITCH ATTACHEDATTACHED TOTO ITIT..
THISTHIS COMPLETESCOMPLETES THETHE ALARMALARM CIRCUITCIRCUIT TOTO SOUNDSOUND ANAN ALARMALARM..



�� IFIF SERIOUSSERIOUS FAULTFAULT OCCUROCCUR ININ THETHE TRANSFORMER,TRANSFORMER, ANAN ENORMOUSENORMOUS
AMOUNTAMOUNT OFOF GASGAS ISIS GENERATEDGENERATED ININ THETHE MAINMAIN TANKTANK.. THETHE OILOIL ININ THETHE
MAINMAIN TANKTANK RUSHESRUSHES TOWARDSTOWARDS THETHE CONSERVATORCONSERVATOR VIAVIA THETHE
BUCHHOLZBUCHHOLZ RELAYRELAY ANDAND ININ DOINGDOING SOSO ITIT TILTSTILTS THETHE FLAPFLAP TOTO CLOSECLOSE
THETHE CONTACTSCONTACTS OFOF MERCURYMERCURY SWITCHSWITCH.. THISTHIS COMPLETESCOMPLETES THETHE TRIPTRIP
CIRCUITCIRCUIT TOTO OPENOPEN THETHE CIRCUITCIRCUIT BREAKERBREAKER CONTROLLINGCONTROLLING THETHE
TRANSFORMERTRANSFORMER..
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TRANSFORMERTRANSFORMER..



�� THETHE BUCHHOLZBUCHHOLZ PROTECTIONPROTECTION DEVICEDEVICE WILLWILL GIVEGIVE ANAN ALARMALARM FORFOR THETHE
FOLLOWINGFOLLOWING FAULTFAULT CONDITIONS,CONDITIONS, ALLALL OFOF WHICHWHICH AREARE OFOF AA LOWLOW
ORDERORDER OFOF URGENCYURGENCY..

a.a. HOTHOT SPOTSSPOTS ONON THETHE CORECORE DUEDUE TOTO SHORTSHORT CIRCUITCIRCUIT OFOF LAMINATIONLAMINATION
INSULATIONINSULATION

b.b. CORE BOLT INSULATION FAILURECORE BOLT INSULATION FAILURE

c.c. FAULTY JOINTSFAULTY JOINTS

d.d. INTERTURNINTERTURN FAULTSFAULTS OROR OTHEROTHER WINDINGWINDING FAULTSFAULTS INVOLVINGINVOLVING ONLYONLY
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d.d. INTERTURNINTERTURN FAULTSFAULTS OROR OTHEROTHER WINDINGWINDING FAULTSFAULTS INVOLVINGINVOLVING ONLYONLY
LOWERLOWER POWERPOWER INFEEDSINFEEDS

e.e. LOSS OF OIL DUE TO LEAKAGELOSS OF OIL DUE TO LEAKAGE

�� WHENWHEN AA MAJORMAJOR WINDINGWINDING FAULTFAULT OCCURS,OCCURS, THISTHIS CAUSESCAUSES AA SURGESURGE OFOF
OIL,OIL, WHICHWHICH DISPLACESDISPLACES THETHE LOWERLOWER FLOATFLOAT ANDAND THUSTHUS CAUSESCAUSES
ISOLATIONISOLATION OFOF THETHE TRANSFORMERTRANSFORMER.. THISTHIS ACTIONACTION WILLWILL TAKETAKE PLACEPLACE
FORFOR::

i.i. ALL SEVERE WINDING FAULTS, EITHER TO EARTH OR INTERPHASEALL SEVERE WINDING FAULTS, EITHER TO EARTH OR INTERPHASE

ii.ii. LOSSLOSS OFOF OILOIL IFIF ALLOWEDALLOWED TOTO CONTINUECONTINUE TOTO AA DANGEROUSDANGEROUS
DEGREEDEGREE



�� ANAN INSPECTIONINSPECTION WINDOWWINDOW ISIS USUALLYUSUALLY PROVIDEDPROVIDED ONON EITHEREITHER SIDESIDE
OFOF THETHE GASGAS COLLECTIONCOLLECTION SPACESPACE.. VISIBLEVISIBLE WHITEWHITE OROR YELLOWYELLOW GASGAS
INDICATESINDICATES THATTHAT INSULATIONINSULATION HASHAS BEENBEEN BURNT,BURNT, WHILEWHILE BLACKBLACK OROR
GREYGREY GASGAS INDICATESINDICATES THETHE PRESENCEPRESENCE OF,OF, DISSOCIATEDDISSOCIATED OILOIL..

�� ININ THESETHESE CASESCASES THETHE GASGAS WILLWILL PROBABLYPROBABLY BEBE INFLAMMABLE,INFLAMMABLE,
WHEREASWHEREAS RELEASEDRELEASED AIRAIR WILLWILL NOTNOT.. AA VENTVENT VALVEVALVE ISIS PROVIDEDPROVIDED ONON
THETHE TOPTOP OFOF THETHE HOUSINGHOUSING FORFOR THETHE GASGAS TOTO BEBE RELEASEDRELEASED OROR
COLLECTEDCOLLECTED FORFOR ANALYSISANALYSIS..
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COLLECTEDCOLLECTED FORFOR ANALYSISANALYSIS..

�� TRANSFORMERSTRANSFORMERS WITHWITH FORCEDFORCED OILOIL CIRCULATIONCIRCULATION MAYMAY EXPERIENCEEXPERIENCE
OILOIL FLOWFLOW TO/FROMTO/FROM THETHE CONSERVATORCONSERVATOR ONON STARTING/STOPPINGSTARTING/STOPPING
OFOF THETHE PUMPSPUMPS.. THETHE BUCHHOLZBUCHHOLZ RELAYRELAY MUSTMUST NOTNOT OPERATEOPERATE ININ THISTHIS
CIRCUMSTANCECIRCUMSTANCE..
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�� LOSSESLOSSES ININ THETHE TRANSFORMERTRANSFORMER AREARE OFOF THETHE ORDERORDER OFOF 11%% OFOF ITSITS
FULLFULL LOADLOAD KWKW RATINGRATING

�� THESETHESE LOSSESLOSSES GETGET CONVERTEDCONVERTED ININ THETHE HEATHEAT THEREBYTHEREBY THETHE
TEMPERATURETEMPERATURE OFOF THETHE WINDINGS,WINDINGS, CORE,CORE, OILOIL ANDAND THETHE TANKTANK RISESRISES

�� THETHE HEATHEAT ISIS DISSIPATEDDISSIPATED FROMFROM THETHE TRANSFORMERTRANSFORMER TANKTANK ANDAND THETHE
RADIATORRADIATOR ININ TOTO THETHE ATMOSPHEREATMOSPHERE

�� TRANSFORMERTRANSFORMER COOLINGCOOLING HELPSHELPS ININ MAINTAININGMAINTAINING THETHE
TEMPERATURETEMPERATURE RISERISE OFOF VARIOUSVARIOUS PARTSPARTS WITHINWITHIN PERMISSIBLEPERMISSIBLE
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TEMPERATURETEMPERATURE RISERISE OFOF VARIOUSVARIOUS PARTSPARTS WITHINWITHIN PERMISSIBLEPERMISSIBLE
LIMITSLIMITS

�� ININ CASECASE OFOF TRANSFORMER,TRANSFORMER, COOLINGCOOLING ISIS PROVIDEDPROVIDED BYBY THETHE
CIRCULATIONCIRCULATION OFOF THETHE OILOIL

�� TRANSFORMERTRANSFORMER OILOIL ACTSACTS ASAS BOTHBOTH INSULATINGINSULATING MATERIALMATERIAL ANDAND ALSOALSO
COOLINGCOOLING MEDIUMMEDIUM ININ THETHE TRANSFORMERTRANSFORMER

�� FORFOR SMALLSMALL RATINGRATING TRANSFORMERSTRANSFORMERS HEATHEAT ISIS REMOVEDREMOVED FROMFROM THETHE
TRANSFORMERTRANSFORMER BYBY NATURALNATURAL THERMALTHERMAL CONVECTIONCONVECTION

�� FORFOR LARGELARGE RATINGRATING TRANSFORMERSTRANSFORMERS THISTHIS TYPETYPE OFOF COOLINGCOOLING ISIS NOTNOT
SUFFICIENT,SUFFICIENT, FORFOR SUCHSUCH APPLICATIONSAPPLICATIONS FORCEDFORCED COOLINGCOOLING ISIS USEDUSED..



�� DIFFERENTDIFFERENT TRANSFORMERTRANSFORMER COOLINGCOOLING METHODSMETHODS AREARE::

�� AIR COOLING FOR DRY TYPE TRANSFORMERS:AIR COOLING FOR DRY TYPE TRANSFORMERS:

�� AIR NATURAL TYPE (A.N.)AIR NATURAL TYPE (A.N.)

�� AIR FORCED TYPE (A.F.)AIR FORCED TYPE (A.F.)

�� COOLING FOR OIL IMMERSED TRANSFORMERS:COOLING FOR OIL IMMERSED TRANSFORMERS:

�� OIL NATURAL AIR NATURAL TYPE (O.N.A.N.)OIL NATURAL AIR NATURAL TYPE (O.N.A.N.)
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�� OIL NATURAL AIR NATURAL TYPE (O.N.A.N.)OIL NATURAL AIR NATURAL TYPE (O.N.A.N.)

�� OIL NATURAL AIR FORCED TYPE (O.N.A.F.)OIL NATURAL AIR FORCED TYPE (O.N.A.F.)

�� OIL FORCED AIR NATURAL TYPE (O.F.A.N.)OIL FORCED AIR NATURAL TYPE (O.F.A.N.)

�� OIL FORCED AIR FORCED TYPE (O.F.A.F.)OIL FORCED AIR FORCED TYPE (O.F.A.F.)

�� OIL IMMERSED WATER COOLING:OIL IMMERSED WATER COOLING:

�� OIL NATURAL WATER FORCED (O.N.W.F.)OIL NATURAL WATER FORCED (O.N.W.F.)

�� OIL FORCED WATER FORCED (O.F.W.F.)OIL FORCED WATER FORCED (O.F.W.F.)
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�� TRANSFORMERSTRANSFORMERS ABOVEABOVE 6060 MVAMVA EMPLOYEMPLOY AA COMBINATIONCOMBINATION OFOF FORCEDFORCED OILOIL
ANDAND FORCEDFORCED AIRAIR COOLINGCOOLING

�� OILOIL NATURALNATURAL AIRAIR FORCEDFORCED TYPETYPE OFOF COOLINGCOOLING ISIS NOTNOT ADEQUATEADEQUATE TOTO REMOVEREMOVE
THETHE HEATHEAT CAUSEDCAUSED BYBY THETHE LOSSESLOSSES WHICHWHICH ISIS APPROXIMATELYAPPROXIMATELY EQUALEQUAL TOTO
11%% OFOF THETHE TRANSFORMERTRANSFORMER RATINGRATING ((00..66MW)MW)

�� ININ CASECASE OFOF FORCEDFORCED OILOIL ANDAND FORCEDFORCED AIRAIR COOLINGCOOLING SYSTEMSYSTEM AA SEPARATESEPARATE
COOLERCOOLER ISIS MOUNTEDMOUNTED AWAYAWAY FROMFROM THETHE TRANSFORMERTRANSFORMER TANKTANK
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�� THISTHIS COOLERCOOLER ISIS CONNECTEDCONNECTED TOTO THETHE TRANSFORMERTRANSFORMER WITHWITH PIPESPIPES ATAT THETHE
BOTTOMBOTTOM ANDAND THETHE TOPTOP

�� THETHE OILOIL ISIS CIRCULATEDCIRCULATED FROMFROM THETHE TRANSFORMERTRANSFORMER TOTO THETHE COOLERCOOLER
THROUGHTHROUGH THETHE PUMPPUMP

�� THETHE COOLERCOOLER ISIS PROVIDEDPROVIDED WITHWITH THETHE FANSFANS WHICHWHICH BLASTBLAST AIRAIR ONON THETHE
COOLINGCOOLING TUBESTUBES

�� THISTHIS TYPETYPE OFOF COOLINGCOOLING ISIS PROVIDEDPROVIDED FORFOR THETHE HIGHERHIGHER RATINGRATING
TRANSFORMERSTRANSFORMERS AVAILABLEAVAILABLE ATAT THETHE SUBSTATIONSSUBSTATIONS ANDAND POWERPOWER STATIONSSTATIONS..
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�� THISTHIS TYPETYPE OFOF COOLINGCOOLING SYSTEMSYSTEM NEEDSNEEDS AA HEATHEAT EXCHANGEREXCHANGER ININ
WHICHWHICH THETHE HEATHEAT OFOF THETHE TRANSFORMERTRANSFORMER OILOIL ISIS GIVENGIVEN TOTO THETHE
COOLINGCOOLING WATERWATER

�� THETHE COOLINGCOOLING WATERWATER ISIS TAKENTAKEN AWAYAWAY ANDAND COOLEDCOOLED ININ SEPARATESEPARATE
COOLERSCOOLERS

�� THETHE OILOIL ISIS FORCEDFORCED THROUGHTHROUGH THETHE HEATHEAT EXCHANGEREXCHANGER

�� THETHE OILOIL PUMPPUMP PUMPSPUMPS THETHE OILOIL FROMFROM TRANSFORMERTRANSFORMER TOTO THETHE HEATHEAT
EXCHANGEREXCHANGER THOUGHTHOUGH THETHE TOPTOP PIPESPIPES
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EXCHANGEREXCHANGER THOUGHTHOUGH THETHE TOPTOP PIPESPIPES

�� OILOIL FROMFROM THETHE HEATHEAT EXCHANGEREXCHANGER ISIS PUMPEDPUMPED BACKBACK TOTO THETHE
TRANSFORMERTRANSFORMER THROUGHTHROUGH THETHE BOTTOMBOTTOM PIPEPIPE

�� THISTHIS TYPETYPE OFOF COOLINGCOOLING ISIS PROVIDEDPROVIDED FORFOR VERYVERY LARGELARGE
TRANSFORMERSTRANSFORMERS WHICHWHICH HAVEHAVE RATINGSRATINGS OFOF SOMESOME HUNDREDSHUNDREDS OFOF MVAMVA
(GENERATING(GENERATING TRANSFORMERTRANSFORMER WILLWILL HAVEHAVE VERYVERY HIGHHIGH RATINGRATING ANDAND
RATINGRATING EQUALEQUAL TOTO THETHE RATINGRATING OFOF THETHE GENERATOR)GENERATOR)

�� THISTHIS TYPETYPE OFOF TRANSFORMERSTRANSFORMERS ISIS USEDUSED ININ LARGELARGE SUBSTATIONSSUBSTATIONS ANDAND
POWERPOWER PLANTSPLANTS..
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1.1. WINDING AND TERMINAL FAULTSWINDING AND TERMINAL FAULTS

2.2. CORE FAULTSCORE FAULTS

3.3. TANK AND TRANSFORMER ACCESSORY FAULTSTANK AND TRANSFORMER ACCESSORY FAULTS

4.4. ONON––LOAD TAP CHANGER FAULTSLOAD TAP CHANGER FAULTS

5.5. ABNORMAL OPERATING CONDITIONSABNORMAL OPERATING CONDITIONS5.5. ABNORMAL OPERATING CONDITIONSABNORMAL OPERATING CONDITIONS

6.6. SUSTAINED OR UNCLEARED EXTERNAL FAULTSSUSTAINED OR UNCLEARED EXTERNAL FAULTS

�� THETHE APPROXIMATEAPPROXIMATE
PROPORTIONPROPORTION OFOF FAULTSFAULTS
DUEDUE TOTO EACHEACH OFOF THETHE
CAUSESCAUSES LISTEDLISTED ABOVEABOVE ISIS
SHOWNSHOWN ININ FIGUREFIGURE
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�� SOURCESSOURCES OFOF ABNORMALABNORMAL STRESSSTRESS ININ AA TRANSFORMERTRANSFORMER AREARE::

�� OVERLOADOVERLOAD

�� SYSTEM FAULTSSYSTEM FAULTS

�� OVERVOLTAGEOVERVOLTAGE�� OVERVOLTAGEOVERVOLTAGE

�� REDUCED SYSTEM FREQUENCYREDUCED SYSTEM FREQUENCY
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��INSUFFICIENT OIL LEVELINSUFFICIENT OIL LEVEL

��SEEPAGE OF WATER IN OILSEEPAGE OF WATER IN OIL

��PROLONGED OVER LOADINGPROLONGED OVER LOADING

��SINGLE PHASE LOADINGSINGLE PHASE LOADING

��UNBALANCED LOADINGUNBALANCED LOADING��UNBALANCED LOADINGUNBALANCED LOADING

��FAULTY TERMINATION (IMPROPER SIZED LUGS ETC)FAULTY TERMINATION (IMPROPER SIZED LUGS ETC)

��POWER THEFTPOWER THEFT

��PROLONGED SHORT CIRCUITPROLONGED SHORT CIRCUIT

��FAULTY OPERATION OF TAP CHANGER SWITCHFAULTY OPERATION OF TAP CHANGER SWITCH

��LACK OF INSTALLATION CHECKSLACK OF INSTALLATION CHECKS
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HOURLY HOURLY 

�� THETHE FOLLOWINGFOLLOWING PARAMETERSPARAMETERS AREARE TOTO BEBE CHECKEDCHECKED EVERYEVERY HOURHOUR
ANDAND RECORDED,RECORDED, IFIF THETHE OBSERVEDOBSERVED VALUEVALUE EXCEEDSEXCEEDS THETHE VALUEVALUE
GIVENGIVEN BYBY THETHE SUPPLIER,SUPPLIER, IMMEDIATEIMMEDIATE REMEDIALREMEDIAL ACTIONACTION SHOULDSHOULD
BEBE TAKENTAKEN..

1.1. WINDING TEMPERATURE WINDING TEMPERATURE 

2.2. OIL TEMPERATURE OIL TEMPERATURE 2.2. OIL TEMPERATURE OIL TEMPERATURE 

3.3. LOAD CURRENT LOAD CURRENT 

4.4. TERMINAL VOLTAGE TERMINAL VOLTAGE 

�� NORMALLY,NORMALLY, MAXIMUMMAXIMUM ALLOWEDALLOWED WINDINGWINDING TEMPERATURETEMPERATURE ISIS 5555ºCºC
ABOVEABOVE AMBIENTAMBIENT ANDAND OILOIL TEMPERATURETEMPERATURE ISIS 4545ºCºC ABOVEABOVE AMBIENTAMBIENT
(ACTUAL(ACTUAL ALLOWEDALLOWED VALUEVALUE MAYMAY VARYVARY FROMFROM SUPPLIERSUPPLIER TOTO
SUPPLIER)SUPPLIER)..
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DAILYDAILY

1.1. OIL LEVEL IN MAIN CONSERVATOR OIL LEVEL IN MAIN CONSERVATOR 

2.2. OIL LEVEL IN OLTC OIL LEVEL IN OLTC 

3.3. OIL LEVEL IN BUSHING OIL LEVEL IN BUSHING 

4.4. LEAKAGE OF WATER INTO COOLER (OFWF) LEAKAGE OF WATER INTO COOLER (OFWF) 4.4. LEAKAGE OF WATER INTO COOLER (OFWF) LEAKAGE OF WATER INTO COOLER (OFWF) 

5.5. WATER TEMPERATURE (OFWF) WATER TEMPERATURE (OFWF) 

6.6. WATER FLOW (OFWF) WATER FLOW (OFWF) 

7.7. COLOUR OF SILICA GEL COLOUR OF SILICA GEL 
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QUARTERLY CHECKING/ REPLACEMENT QUARTERLY CHECKING/ REPLACEMENT 

�� RECONDITIONING OF SILICA GEL BREATHERRECONDITIONING OF SILICA GEL BREATHER

�� CHECKING OF WATER COOLER FUNCTIONING CHECKING OF WATER COOLER FUNCTIONING 

�� CHECKING OF COOLING FANS FUNCTIONING CHECKING OF COOLING FANS FUNCTIONING 

�� GEAR OIL FOR TAP CHANGER MECHANISM GEAR OIL FOR TAP CHANGER MECHANISM �� GEAR OIL FOR TAP CHANGER MECHANISM GEAR OIL FOR TAP CHANGER MECHANISM 

�� CHECKING OF COOLING PUMPS AND MOTOR FUNCTIONINGCHECKING OF COOLING PUMPS AND MOTOR FUNCTIONING

HALF YEARLY HALF YEARLY 

�� INSPECTION OF ALL GASKETS AND JOINTS INSPECTION OF ALL GASKETS AND JOINTS 
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JAISWAL

•+91 9650993009

• jaiswalrk1950@gmail.com

THANK YOU!THANK YOU!THANK YOU!THANK YOU!
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