Transformer gqpzs0: 3GE 0050300gE:

Reference:
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apapeorpiip sBeaySaocomomigheddionts

80%s00h

C0058§008e08c0ia000 transformer of rating 000536205 Load 0oB9s: supply corqf 80%:
Bonch 0000886003 transformer qp:aao: o05§o8e08c0iao0 transformer 58

o[BS socSogaSeorqeoupSi transformer ooBabi codieax o§eaiongd wobiel capacity 000
sonpogesdon transformer qpisa: s3fFjE 00050905008 Aoo0Si transformer sofFonionbasionsds
608 a5p50005 2B a05og0SaGEEES reliability o3 o3tonoSeadiaagSi transformer sBa3as
[giEogeSoobi{ge:oarss saGognliqp: esonga0303 dpfoyedoSaopds aandomeodiaaph
C0058008e08conBiao0n transformer 30: c§oooSFreniaooo transformer ooSadSS
spoicliopdaen: transformer cs0500803GE 2a[fSe0cSogeStion Sigicqrng 38
ogoSeqo3oddlanpd opBeoon rating §aopS transformer s8a3ean: saE§0500 a3igESion
[BBronteooo transformer ooBad: 09p5i0060083054G[5E:5E 0By spare unit 350305 085000
88e0qporye0aapSi oGS transformer qpraao: sa[EiEa3:3fgEraogS reliability 03copS:
comEigloadiansd o808 0nbeoSGEHEE transformer ooBadismn: 5001[GREA0 2a5pSi00:
ofammieh 00080033302 supply oS00 &Ecous

Condition for Parallel Operation of Transformer:
Transformer qpzs0: 33(GEa0050g056pogE transformer gp:eil primary winding 20p5 source bus
bars gp:aR€ 005a305qepd[b[8s secondary winding 2005 load bus bars qpopE
2005330500:600(g0lo0RdH
Transformer qp: 68308[4Eg> :[GE§0D005§E6pd 2o9054qPig0d ea0daEeEd[gao:dloogS
Voltage Ratio $& Turns Ratio qpzonp8[g€: (primary $& secondary o3e Voltage Rating qpzopp3[gs).
Percentage Impedance and X/R ratio opp3[gC:

Tap changer o036l position gps 22033207 0poB[gcs



Transformer o3@ kVA ratings gp:opo3[gcs

Phase angle shift qpz opp8[g&: (vector group qps oppdeepd).

Frequency rating o3 opo8[gcs

Polarity 0p03[gC:

Phase Sequence o3 opo8og[g:

2§|e00n :e[gaesypaopd :enqpza008: (convenient) Apdga8Eeardaopd: 3a§jee vlgdees
(mandatory) 3326600005

The convenient are: Voltage Ratio $¢ Turns Ratio qpsopp8qS1 Percentage Impedance gpsopp3es

KVA Rating 0pp3q&1 Tap changer o3el position qps opp3Si
The mandatory conditions are: Phase Angle Shift qp:ono3qSiPolarity oro8q§1 Phase Sequence

oppBapst Frequency oppSqfeoqhs
convenient conditions qps365[gE ©0B058e005c0pS: transformer qps sa[GEe00503058E0m
optimal 226[g32656$E0pS curddeon

1. Same voltage Ratio & Turns Ratio (on each tap):
BB E§od9005005 transformers o30p€ different voltage ratio sag05:coS§dlon secondary winding
o3¢ induced emf gpz wopoBaclopé no load secfgeacsozCot transformer o3¢l secondary winding
o3l 3opdigdedieseon 0adawss (loop) 3203¢: circulating current Ssesepdlgdom wos current
20p5 9§ no-load current cood qpsgd [gEenieoepdi
current oedan 20p5 leakage impedance §p5:gE 38[gEenieoepdi secondary winding qpssan: load
[5¢ §iods0c5c805e0m 3a8lopE wos circulating current 20p transformer $&903E: woppdeam
loading o3 [g8edl oo™ wo€szagodelopt sa[E§odoomsean transformer 820390005 full load o3
c0&sq§ 0[gd8Eeomeo (transformer oodad:o0pS overloaded [gdesc0opdn)
voltage ratio copp3eoon transformer $&ads30: 33(GE§0ds0050p5e3dlon primary supply voltage

o30r08[m300p0edeadgo: secondary voltages gpiw> opoBfogepSevrodeon
0o€s transformer qpsel secondary 03302 03086000 bus 0059300006808 wp5e3dl secondary

g2 =a{ogpipg circulating current &:eoopdlgdoocad primary gpseaogtiaopSs odaduldieonddedi
transformer & 3203€:3E: impedance 2005 Gaoicud[gésalop¢ voltage difference copds



cooscud[glsoopd circulating current o3 [genign seofglselopE vadaunzabeoon I°R loss
BengafgbacdasgSs

» primaries and secondary 036l rating gp:00p5 coboR[gdaoElaopdi oogpdie3qEaod transformer

032005 0ppBeoon turn ratio (transformation ratio)§oogoloopS
2. Same percentage impedance and X/R ratio:

*  per-unit impedance coap§opeom transformer $60%:03 G Es0a50908epba3Clon vatiodel kVA
rating 226 §q/8€@000 load vwdan 8308 share cvS[oeoepdi ofjoge transformer $603:032005
oppdeaon per-unit impedance §[os(G: X/R ratio qps woppBlogean5copds oppdean Load §eoepdi
a328e000 2a6[gEaes03¢ line current 20pS transformer current gps cOlC:08eE205500:005(gdom
99cOIC: capacity 20p5 copds a3000gn eagpspbiogaieuepdI

+ Reactance o>§ofif resistance on§o3ES i qeawn per unit impedance o>§iaog
transformer $60%:0 20056e00E8s008:005 current 0303¢ w8600 phase angle 0§93 g0
[g6e00loopbi azagquedoopd transformer oodadsa: higher power factor [§& sacpbcodeo0m
H[gr2o0ddieno $6960IE: output &1 power factor 6330058665600860p51 BelopE vols
transformer o30RC real power 20pS proportionally share cpoepb wupodeol

» H[GEogudon§sooniaomn transformer $6cd:03¢ share apdoogd current 2095 wo&:o3sil MVA rating
qp:$S proportional [g6oo&loogd

»  0o€s transformer oo 20056e0088:e08:605 current aopb wal:odel internal impedance $& inversely
proportional [g&AloogSi

»  :0o00desdlgdl statement $6932q :[GEGO002600 transformer gpzel impedance 205 val:adel
MVA rating qpss¢ c[gpiy$ saqoqolaopdi oogbsedeeo05 percentage impedance o§owpod
impedance gp:&i per unit 0o§3sgqp:a0pS 2a(GEeonda3ub00600m transformer gpopE
c060pp820&Aloogdi

»  Three-Phase Bank 00690p¢ single-phase transformers qp:3a0s 00680€000503056p5e8dlm
impedance matching [gg co8eaqeoq$en saeqir3:e0m 3ag05(gddloopdn adlge
B Cs0053300q§ rule adzpzan: AdodsnayEadygls three-phase output voltage gp:san: balance
[g0esc0q8 series impedance aj:9o0d:320305 X/R ratio 00§03:qps match [gdeoq$ sa0p05 practice
oo Bigigrooni: ofoteopS: BiroboodBoogSy



KVA owan opp8[ojeoon Single-phase transformer qpssan: Wye-Delta Bank 0od9so(gd
§0590050p5e3dlen impedance qp: mismatch [g8[gE:elompE transformer gp: 3o
a3000008gpieoon load unbalance [g8[gE:0? [gdeodloopd
Impedancer Ratio $¢ KVA 03s& 2005386000 0opa3|gpsoopd 6320054 case gpsgans capao(madld
Single-phase transformer gp:an: Wye-Wye Bank o3¢ isolated neutral so6s[g¢ s00503050lon ohmic
basic s225g¢ magnetizing impedance 032005 opoBogeoepdi transformer opE safgCunsadieon
magnetizing impedance §olon exciting voltage percentage ¢acopds sa[gCeniads§epdlgdom
transformer & core losses o3 oB:conieogEielopé core 0B sap§SoB:coneodloogdi

Case 1: Equal Impedance, Ratios and Same kVA:
Transformer qp:s0: 33(GEa0050g05epopE Blgjconieoon method 2005 oppBeoon turn ratio gps
percent impedance gp:s¢ kVA ratings qps g§leogsgdolaodi
Parameter opeo transformer gpzsan: 22[G€0n690€[gEgE equal load sharing o3 g§eoom
transformer winding qps3203Es circulating current copS: o8:8Eaoxpcol
pow> - 2000 kVA, 5.75% impedance §o turn ratio copbsopeoos transformers $60%:03
2B E§ 059005070 4000 kVA load 028903 supply Gozead5 ...
transformers-1 36l 20056ep056000 load =KVA;=[( KVA; / %Z) / (KVA; / %Z1)+ (KVA; [ %Z))Ix
KVA oad
kVA; = 348 / (348 + 348) x 4000 kVA = 2000 kVA.
transformers-2 826l 20056epo5ea00 load =KVA;=[( KVA, / %Z) [ (KVA; / %Z1)+ (KVA; | %Z5))Ix
KVA oad
kVA, = 348 / (348 + 348) x 4000 kVA = 2000 kVA
Hence KVA;=KVA,=2000KVA

Case 2: Equal Impedances, Ratios and Different kVA:
009[gedepd Fee[geacs§jEoopd 32006000808 ggPE3a0R05 CLHHEOR0RE FodsyPigedeol
0066lod80gE wonpdeam kVA §oq8 opp8eom percentage impdance §lo3eo transformer
qP2330: common bus 006903 00650E[gEH oAl adadeoon 0o6s0Eedjrope voltage gp: (turn

ratio) qps opp3[0300[g¢ circulating current gp: ofcor



powd - 3000 kVA $& 1000 kVA §orfGs 00dcd:BaopS 5.75% impedance §o302 oppBeoon turn ratio
c0pd: §oeoms transformer $6ad:3: :2[GE 05900507 common 4000 kVA load oobosan:
GO:&Qéll
Transformer-1 260§ 0&sa: =kVA; = 522 / (522 + 174) x 4000 = 3000 kVA
Transformer-2 8263 § 0§sa: =kVA, = 174 / (522 + 174) x 4000 = 1000 kVA
3200053l03059054¢32q) transformer qpsogeopoBeoo kVA rating gps §oo€anen: common load
00H9000saa0: S00da305000:0m current §eogedcopds transformer 0odd:8320305 vol:adel kVA
rating gz 3263 038200 ©opSAlooRd

Case 3: Unequal Impedance but Same Ratios & kVA:
0oglgadopd macfgeacsroopd saadiqpio plant power capacity [godog> q§eoq$ KVA rating
op8g> §or(G: percentage impedance wop8[o3eoon transformer qpssao:
2B Es0059305[g €505
3205320005q:3:00:0p860o0 transformer 32006 0odd:3: KLSLIQE M&od]EdZY a0
26[g326503E3200:0EAlaopd
§0300p0000266p0 329[0500093655E J[§pepd current aopb impedance $¢ e[gPE{gS saqjpogE,
impedance 6o0:00p55¢ [gEenteoon current Bseodloopd ddelopE loading [PFenieomn sadlogé
lower impedance §eooo transformer og€ overloading [g§Eo percentage impedance [g¢eoo
transformer o3¢ loading $pS:dkcoepdi
p0w> - 2000 kVA §[o38s 0odad03€ 5.75% impedance §omo safgp: 00dad:rE 4% impedance
§lo3lGa oppdeoon turn ratio qpscopds §logean transformer $&ad:0330: 3500 kVA load
[5€§0590050lebi
Transformer-1 3563l § loading=kVA; = 348 / (348 + 500) x 3500 = 1436 kVA
Transformer-2 3363l § loading=kVA, = 500 / (348 + 500) x 3500 = 2064 kVA
transformer percent impedance qp: match [g8[g€:0§o0pd320305 combine kVA rating o3
c0&:8E[gCsedeon transformer gps sajop: loading §eogaopboopds op8eon combine kVA loading
6320055526000 326[geacsapE 4% impedance transformer o€ 3.2% g overload [gdom 5.75%

impedance transformer o8¢ 0$323: 72% §olaopdi



Case 4: Unequal Impedance & KVA Same Ratios:

v 09 [geBopdmnc(gmacs§jpoopd industrial $& commercial facilities 030p€ saod:macg$ep0:0k(Gs kVA
oop8logom percentage impedance copSs woppd[o3eom transformer o33s common bus 0od9opE
200503009 E4gd0laopbn o365 3ae(gEaes00d90Re single-ended substation $&9sa0: bussing
[5€[gde0r 9Bewrod cable [§€ [gbeo oFoorgEzadyC large load a0s start cpbepogs comiigSean
voltage q§eoq$ 3a60005za0(gicloogdi

»  percent impedance $& kVA ratings qps oonp8[mg[gCseoqpé wos transformer o3sa0: loading
c06epaRE 203835¢ A¥OGeoEEARSN

»  powd - 5.75% impedance §eoon 3000 kVA (kVA;) transformer $& 4% impedance §zooo 1000 kVA
(kVA;) 032005 09o86o0n turn ratio §o30m o transformer s&ad:038: 3500 kVA common load
[5€ §ods0c3dlepdn

= Transformer-1 soeéTg] loading =kVA; = 522 / (522 + 250) x 3500 = 2366 kVA

»  Transformer-2 3360 § loading =kVA, = 250 / (522 + 250) x 3500 = 1134 kVA

* 1000 KVA transformer og€ percentage impedance $p5:eoma{o3p¢ combine rated load
620055p5:600 326[g30650RC overload [gddloopd

Case 5: Equal Impedance & KVA Unequal Ratios:

*  Voltage 3a5p55c0dq) azpungarozoopdoagi€ current qpagosans circulate cpdeo0laodi

26qE03goR8[gaeqIC 22§ 05900565 transformer o3ogE tap connection 2opS =3(g
opBesqepd [gbolaogdi

»  Circulating current 205 load $& load 3eogodeaedlogé 0pd[gts wfeorn transformers o fully
loaded ad:gopSedag€ wot: circulating current clogp& 0odGEOEEPEI LEdN§Eom overheating
[gdc00pdi

»  oodoomg§en circulating current 2005 line 3203E: o8:e0€:0m6[o3p¢  Monitoring equipment 30
common connection point &1 upstream o3o0pcd downstream og€ 0o680Eepbedilon odE:om
9§$€0pS vupddeo

»  Example: 2000 kVA transformer $&ad:3a0: 2o C§ods0056pogE transformer 0o6c:82005 5.75%

impedance §ox 038600 X/R ratio (8) §o3Gs transformer 1 & tap 20p5 nominal ¢ 2.5% o3



adjust cpSaooeGs transformer 2 &1 tap ¢ nominal 0gE §dloopdn percent circulating current (%IC)
op3qsedu
%Z, = 5.75, S0 %R’ = %Z; / VI(X/R)? + 1)] = 5.75 / V((8)2 + 1)=0.713
%R; = %R, = 0.713
%X; = %R x (X/R)=%X;= %X,= 0.713 x 8 = 5.7
Let %e = difference in voltage ratio expressed in percentage of normal and k = kVA{/ kVA,
Circulating current %IC = %eX100 / V (%R +k%R;)? + (%Z;+k%Z,)>.
%IC = 2.5x100 / v (0.713 + (2000/2000)X0.713)? + (5.7 + (2000/2000)X5.7)>
%IC =250/ 11.7 = 21.7
circulating current 20p5 full load current &l 21.7% §olooSu

Case 6: Unequal Impedance, KVA & Different Ratios:
009[gedepd Feefgeacs§jroopd coodeagsudondayt [d§Cag ool
Transformer $60d:009:0361 ratio Pz impedance 032005 woRa3(gRgoz0I
oo&smgodelopEgded aoneom circulating current 20p5 transformer o3ei load current
035Eqe0cdadlgliyé transformer 0obd:80361 3205008mWS total current [gdeodloopd
unity power factor sae[g2a6503¢ woppdeaon turn ratio efoyp¢ circulating current 2005 10% o
90aAlE: current &l 0.5% qod[gdeodloopdi power factor §6§§0¢ circulating current 20p5
0398000000 elgpEecopbadloopd
puw> - 5.75% impedance $& X/R ratio oo§o3: 8 §eoon 2000kVA; transformer 0o&cdssé
4%impedance $& X/R ratio 02§93z 5 §eoon 1000kVA, transformer oodcd:03sa0: sa[GE§c50oniom
tap s20: 2000kVA; transformer 098 2.5% ooo:§1|§: 1000kVA, transformer 098 @ norminal
326532000:09€ conolaopd
%Z; = 5.75, S0 %R’ = %Z; / VI(X/R)? + 1)] = 5.75 / V((8)% + 1)=0.713
%X;= %R x (X/R)=0.713 x 8 = 5.7
%Zy= 4, S0 %R, = %Z, [V [(X/R)* + 1)]= 4 / V((5)* + 1) =0.784
%X, = %R x (X/R)=0.784 x 5 = 3.92
Let %e = voltage ratio vopp8aod normal value &l percentage k [gEesdlgeadd = KVA;/ kVA,

Circulating current %I = %e x 100 / V (%R;+k%R,)* + (%Z,+k%Z,)>.



%I = 2.5 x 100 / v (0.713 + (2000/2000)x0.713)? + (5.7 + (2000/2000)x5.7)?
%Ic = 250 / 13.73 = 18.21.

circulating current 2005 full load current & 18.21% g §oloodu

3. Same polarity:
transformer o3&l polarity 8300p5¢0 0o€: transformer il secondary 03€[gbedlaoo induced emf ol
instantaneous direction 03a8c3dloopb sc0Sar transformer $6c%:03§ induced emf o3el
instantaneous direction qp:20pd 0069s¢ 0069 so§oyCesilon oppdeodn power input o3
qopecofonem: cobicamm: soforono polaity qpiEfE3opS transformer qpicp sB8E A0S
transformer qpesn:008:036i polarity qp:acBE: comEigle $005090500E3lo0pSI vab:odzan:
900509056pag€ polarity 82¢§3203E: ve005990800:3AM GIEJEde00SEm 38lozE secondary
winding 0pE[gdeda0p) emf $89030005 woCsod§esep secondary circuit 0p€ short circuit o3
[36edl codloogb

G Eods00dadeam transformer o3&l Polarity gp:o300p5 opo8(03qepd[gbom a8a8 curcddclon
0o€s transformer o3op¢€ load o§eseo05c0pS: [0Fwaseom circulating current o3 [gdedl codloopS

Transformer $60%:030005 0an86000 input power o3 qoplogom wag:odel secondary emf o3ope
oppBeom instantaneous direction gpscopds §o3clon vos transformer o3sans polarity op

transformer qpz3a(gd a38Eo0pd

4. Same phase sequence:

Transformer $60%:03a1 line voltages qp:eil phase sequence 030000 three-phase transformer

$600:03 32[GCe0050905epopE codopaody) 0pr8lrageRdigdaloopbi phase sequence gp:
00op83[o3dlon cycle 0od9B0ogE phase 320300698 (AB, BC $& CA 320§ 000) 0p€ short circuit

[g0esc060
Qe volsadeom sacfgeacsaan: transformer qp: 3afjEe00Sagudepogt cBoggacdodsnescnt

9998 olgdees snondenbaloopdn



5. Same phase angle shift :( Zero relative phase displacement between the secondary line voltages):
Secondary voltage 03¢ wopa3[gp:eoon magnitude qpssé phase displacement qpq§8Eas
transformer winding qpseans $p5:006:60C:qpgo[g¢ §ode0ad§ElapdN oBadeom transformer
connection gps30: c0CgP:cam vector group qp:eacs(gt Ffgro:8Edoogd
Group 1: Zero phase displacement (Yy0, Dd0, Dz0)
Group 2:180° phase displacement (Yy6, Dd6, Dz6)
Group 3: -30° phase displacement (Yd1, Dy1, Yz1)
Group 4: +30° phase displacement (Yd11, Dy11, Yz11)
Secondary side line voltage gp:og€ zero relative phase displacement §esClon 0oEss& group opeom
transformer qpzsas 3[GE§05e0058EAl0dbn pownsandgé Yd1 $& Dyl connections qp: §fojeom
transformer $8cd:0330: :2[GE§059005§ESloodi
Group 1 $¢ 2 32038:§ transformer 030005 0o&:03 2p0E3203C:§) transformer gps o300
BB 0590058 A0 936005 group 3 $E 4 320385 transformer gpiwe 0OC:03205805000961
phase sequence o3 6[pEg$rd[gaciys =a[GE§ods005§Elap5N powrsigE Yd11 connection
(336¢ 4) §eoon transformer $& Dyl connection (369 3) §eoon transformer 030pE Dyl connection
§eoo transformer & primary $¢ secondary terminal gps $6005009:0303E  phase sequence
e Gieyhom ffacsogesgEdoossy
Dy1 $C Dy11 odsan: 2o[GCe005a300¢(gjepogt transformer 0od9ai incoming phases $695¢
opp8eom outgoing phases $6903aa0: crossing coSaged 800599053lepbi odelo3pé Dy1l
transformer §dloo primary $¢ secondary 03§ B $¢ C 30z cross cpd[gésge +30 80§ phase angle ¢

-30 80§ phase angle o3 shift [§9ago:07 Dyl connection §eoos trasfomer $& sacondesd(gGidoopd
F[grreo 32g0530005¢qp: $E 0305086[gropda0p5s¢ 2[GEods00d§EG0E5I



6. Same KVA ratings:

58032 800705 coBiancdean transformer qpisa: SE§D00BeaSe8Am wE:o3saEId %
load sharing 2305 co8:03ef rating saedlogEgonpSdlaapSi siasiogs ogaBean rating §os load
qpia: 8qg> share cpbeoophy

Transformer o308 KVA rating qp: 0oga8faadlon as€i30008 cocBeageaiss load orbgem:
2810368 rating qpisacdod s8poqgn share oBE3eSEE0 voltage ratio qp: cobore8fEafGH
percentage impedance qp:copS: coSopBip3a0eS 536005 cobor8iAEEEFo0a5e8Ad0
i326[§ae5058 transformer sBs:ondiopeadS: rating o 90% g % GeSeaxsS q8BEdaoESH
KVA rating 2088 2:1 ¢ ogoon 65l adtiolean transformer qpiaan: saE§oSaoodes ofg8sEeor
wogaBe00> KVA rating qp: §o3e000 transformer qps 330: 3a[GE§0Saocdepagt load o3 3e0epS
9006 load 390: transformer 0588 205608880008 Za§uwan 33038:geoupS(§BAaseS:
Boqyear load Feogo? afieoeascgody transformer o30gE ogoBeonn turn ratio qpisS
transformer s20:0d:0303E opoBeoo percentage impedance oo§aBsqp: Jlorqepdeslgé wot:
percentage a0p50005: 2005a88ep transformer o kVA adlog8 saafgdee3fGy§edloondi resistance
a2 reactance oo§ i safapooniecsn oo§aigncopts transformer o38iogs ozpSadgd
somEiglegn operating x588eS ratio 5 impedance spSodear sacjusdolelop [FBedTarnwod
circulating current 20pS smaller unit ¢ full load rated current ¢l 10% coodeoypegSy e§eoqdh

7. Identical tap changer and its operation:

26eqH03:e0m 3gd0009655E ©05000:000:q8¢0 three phase transformer gp:sasd:30305
tap changing switch 320s opp8eo0n position 0p¢ cons§jgEigdom secondary voltage qps
opBa§elopE: o3 0deso: saonpdlgigeuedi voltage tap elpE:qadsaddlon tap od:9ond:em:
opp8gn operate cpbqdlepdi SF6 &l OL Setting (On Load Setting [gdepSoofalaopd) o0pbcopbs
coboppBesadlepdi substation c0pS full load condition og€ operating cpbegdlon transformer
0060 trip [§900pbs¢ transformer ad:ad:o0d: 0o0ds00>00p5:s tripping [gdognzeoepd
Transformer qp:czﬁ output voltage 30 Off Circuit Tap Changer (manual tap changing)

600500pb:eomE: On — Load Tap Changer-OLTC (Automatic Changing) [§€@a05c0pb:eomE: control

c068Elo0pdn



On Load Tap Changer (OLTC) dleoos transformer 032005 closed loop system (g8 6320054
component gz SloEdloopdi

(1) AVR (Automatic Voltage Regulator - 33co0500g$ 5650010000092 0§nqdeezag:feon ugod)
00086000 AVR o3 2aadigjom transformer qpseil output voltage o3 set capdaon:§Edloopdn
transformer &l output voltage a2 AVR ¢ 00de0¢ LT Panel 93 cosddlaopSi AVR 2005 SET voltage
$C output voltage o3za0: §E:0990m B=6dlon error signal o3 RTCC Panel ¢ oodsog OLTC
a360:33l00p51 0o AVR o RTCC 9203€: copdagts 00pdeannndoondloopd

(2) RTCC (Remote Tap Changing Cubicle)

0o panel 35038:03E AVRI Tap Position gpisans cedlgoopd Display! Voltager Raise $& Lower 02009
Taps relay qpscl sacsz0002: 300: Gud[gepd LED gpsi Auto $& Manual oo 6giqd8Eo00d
selector switch qps Aoy AUTO MODE op¢ voltage 8202 AVR ¢ control cp&dloopSn MANUAL MODE
o3€q operator 20p5 voltage gps 03gE: caqp[gts 020pS038a: RTCC ¢ Push Button o3330ddgjom
Tap gp:s: 326[gpE:3a00p5:00660:0l00I

(3) OLTC =222 transformer og€ mount cp&oozdloopSi vo€sog€ RTCC ¢ control cpSooeom
transformer tap gp:sa0s [gpCaopdic0:8E0pd motor codadsdloalaspdi

Transformer $60%:009:0303E tap qpeaid:Eac05 oppdea voltage ratio gps §og20p5(gdom
transformer qpssa: 33[GIE§05c80500p55¢ oppBeom tap position 2203E: operate cpSeowpdi OLTC
$C RTCC panel 03 §0lon RTCC 00620005 master 32655 35006006070 3a[gp: 00dadsene follower
:265[9¢ transformer & tap position 330 maintain cpSoonseoepdi

a36o05 transformer $&0d:036l impedance gpseond3aq€ $¢ on load tap changer &l tap qpzaopd
mechanical delay elo3p& ocnomg) mismatch [§85dlagE tank $69=a03E: circulating current c0p5

B:ao&se0epdi wols circulating current c0pS protective relay gp: cpbeeoaEgaas ¢asugieodloopd

Other necessary condition for parallel operation
parallel units qp:m:d?:o%s@o: same network ¢ 205 supply GO:G]QéII
Transformer qpzo s3[GEs005epdesepad secondary cabling 0005 28:06ad:3a0qp: $&

characteristics qps 32§:0690: 0303q0lopdn
c80Se05ep phase qps3a|oyps voltage difference 2005 0.4% coodeemybagseeoi



4. Transformer qpisao: :[GE§0de005epogE secondary side 0p€ fault current 005
20g§[gCersdloopdn transformer 0odcd:el percentage impedance 3 6.25% §oopdur a8l
a3328log€ short circuit MVA 2005 25.6MVA §o short circuit current 20p5 35kA §eowpdi

5. oppBeoon rating gpis¢ oppBeomn percentage impedance gps 030005  transformer gps a3dloni
downstream short circuit current 2005 transformer adsad:s: 32[GE 05900550100 adse0g) (105kA)
§eoepdi 88c30005¢> ACB gpsi MCCB gps $& switch board qp: 030005 105kA oeoang§ea short
circuit current 08 $88qp58qupSur 98c8loopdi Ko:a0p8 maximum current [g8laopSn vo8: current
0eN20p5 switch board gp: oopSesepr cable gpisé vol:odel
sacqprosspSosad ogbgorpSepaph o§eoss cobiolean saefamesoieogt
00pS038:05:00:000:qp5[g6looS

6. Transformer ¢l secondary side ogC directional relay qpsea0:0pds 03690E00200¢ 00N

7. Transformer oodadsel percentage impedance 2005 3a[gp:00bdsel 92.5% $& 107.5%

[ops§qdlepdn adaBewroddlon wols transformer $6cdsaajogpiop circulating currents gps
qpeaa|gpsBieotdlopd



Transformer qp: 32[jEe0050305(gCs 225640

Transformer Parallel Connection Equal Unequal Overloading Circulating Recomm.
Types Loading Loading Current Current connection
Equal Impedance & Ratio ,Same Yes Yes
No No No
KVA
Equal Impedance & Ratio But Yes Yes
. No No No
different KVA
Unequal Impedance But Same Yes Yes
. No No No
Ratio& KVA
Unequal Impedance & KVA But Yes Yes
. No No No
Same Ratio
Unequal Impedance & Ratio But Yes N Yes Yes N
o o
Same KVA
Unequal Impedance & Ratio & Yes Yes
. No No No
different KVA

B[GEFode00§Ee00 Fac3yp:

6320050| Vector group §eox Transformer gpzsan: 3G Eqj05e0058EdoopS

Operative Parallel Operation

Sr.No Transformer-1 Transformer-2
1 AA AA or Yy
2 Yy Yy or AA
3 Ay Ay or YA
4 YA YA or Ay

Single-phase transformers qps320: 3-phase transformer banks 2[g60dae(gpE:om 3-phase Power

system o€ 32034g8EloopSi




Transformer o%:dsaa0s 3-phase circuit qps3a(gd 0503:epoge $05:06: GrVIPeE soc5ogudenad:
[g8E[B: cos03en A-A, Y-Y, Y-A, and A-Y connections gps [g&[o3dloopdi

A-A connection oxEg§eo00 2gi0d¢n transformer oodadiqo5ogndgls ofewpod dircuit ¢
00Sgprepdaddon oy§sdadiodonnS open-A or V connection (¢ so005c005
034{gj032:88[gE:08[560l00p81 dBadeommefogpéialopé transformer 52030005 3-phase currents
and voltages qpssan: 0o&s03eN correct phase relationship gp:sa03&:§eseodlaopd a3eaod
transformer bank & capacity 20p5 @co capcity &1 57.7% (1/V3) g 0300 eaqpspd: q§$Edlood
Y-Y connection og€g line voltage &l 57.7% g 03000 winding 0069803 apply cpdeoodcopd: line
current ¢oe winding 00&983038: 8:08:6000051 Y-Y connection o3 saddglg $pd:0kclaopdi

A-Y connection o3 stepping up voltages 3265[q¢ s2a34g[03dlaopd

B[GEes0ada3058Ee000 32034

63005665(gol Vector group §eox Transformer gpssa: 33(GEegj05e0058Edk

Inoperative Parallel Operation
Sr.No Transformer-1 Transformer-2
1 AA Ay
2 Ay AA
3 YA Yy
4 Yy YA

Transformer qp:=a0s Synchronization cpSepogE obesoigepd sagodyp:
Transformer 22 Synchronization cpdepogE e0050leag050069833: 8055008 Alo0pd

synchronizing relay $& synchro scope 03z 0des0:0l
Transformer & secondary 2005 8222:86 LT o[gdClon synchronizing relay o3 coogpgnodesosom
system o3 commissioning comEglgiapdeozqdepdi Relay 330z 06508(8se5005 woaz: supply

006960207 300660 VEMR53: 0d680:e0:qAlepd



*  Synchronizing cp8q§320305 supply voltage $6900d:m: 06@e0:quRS[§dAlooRdI transformer 1 6
phase L1 $¢ transformer 2 &l phase L1 033302 multimeter [4& 06@s0:00do0pdn 0Bes00d
transformer 1 & phase L2 $& transformer 2 & phase L2 0380z 0d6904s transformer 1 ¢l phase
L3 §& transformer 2 ofi phase L3 035z 0860:lopSi o308 08es0ie003 case smi0:c8038
multimeter 2op5 0 voltage gp:aBax 28s3§eq p38[geepS[g8AlaopSt coé:adeom obesoigem:
synchronizing breaker 0o [giapbeepSlgddloopdn breaker outgoing terminal gpaz: copds
08ae0tqupS[§Bom B3 o8esoiepogl breaker s890ade L1 terminal qpiodoogS panel ¢ ogcBeam
main bus bar 8808 axGeEp0Se0c5a30S[E30op503 o8esoqdlupdl cBacn L2 58 L3 03cBcunS:
06e00:qlepdi

» LT o3¢ synchro check cp&q$ sacomEsadispdicodien complete panel 320z source 1 ¢ 2005
[gpseo00 incoming breaker terminal 6l outgoing terminal gps 03€eeaE charge cpd[gEsgddloopd
a3329lop€ incoming breaker 6l incoming $& outgoing terminal gp: § voltage difference o3 03¢0
9§02 §ecmpoopty Aiomafieas 0o§hiang 0 8idkoonfGBdegy

»  Circulating current o3 o&eeosepogE synchronize coSep) transformer $6ad:03aa02 outgoing load

000 0deaoiqulepdi adesnab current o3 odco:dh circulating current o3 §dlepd

Transformer Parallel Operation [gjopS[g€:el soofjqp:

1) electrical system &l efficiency o3 [gEwa:go g§eoood
»  GooopuosssE electrical power transformer qpzaopS full load 32034g§§0p¢E sa[gEed: efficiency
q§eodloopdi transformer gpzsaa: 3a[GE§05e005epagt 3203g8eom =g § opedE: demand
qo3003 switch cpSfgesé saapq§Seoasph
»  Load o3:ooneommeslogé saGE§ods00d0meom transformer 0o6cd:q:Ba3oon switch
Eom0%:860[gEilgE Babeom demand o3 [god&eodlaopSi 0398 soodg[aldgé system i
maximum efficiency o3q§eodlaopdi
2)  electrical system @i availability o ooo0bq§eedioodd
*  Transformer gpsan: 3G E§05900503:3[gE:{g¢ maintenance cpda3dlon [Bjedsdaoadep
transformer 320z shutdown co68EclaopSi safep: 3G E§ode005006a0 transformer gpzoopd
power [goSeomadeofgEiedd load o3 cuEeoepd



3)  power system i reliability o3 oB:o005e0doogbi
» DG E§odeonSoonieann transformer gpio oadad:a005 fault alo3pé trip [gdognsddlon vol:
(G E§0deonSoonieom transformer gp: 2005 load o3 geouacdaSgE:elopE power supply
[goBeomadq elgbedlcoo3 safgp: transformer qpezanzcopS: overload olgdeodl
4)  electrical system &l flexibility o o%:on0be00laopd

*  Power system &l 220005 demand 20p5 3203 saaqp §8ECle000N 3380005038 power demand

2005 oBsepdup 9§esicon:dlon adaBeom extra demand o3 [god8eoq$ transformer qpsza:
[Bl0oE8oSgmees(5E o[ E§0ds005000:00EAlaopSi 30005e(o3pEadea05 250005038

Bronodan§Eeonn demand o8 egom transformer sa03io: 0o8diem: 0odsoEaa0ddg[gE:00p5
Bs2:66p326) 03056[ge0B05000398 ocdmp6e0m qE:E{g0sq0E[gdAaopS

» Qg€ 3282005 demand Gogpogjogdlon capital investment $¢ vo:olei return gps
o8e0q§320305 :BEe005a305000:903 ©uSgP:c8aB8EdloobN

Transformer Parallel Operation cpdfg:ei sajgbqp:

- Bg8coream short dircuit current qpialo3p§ breaker capacity o3 S34g8qs 33260005

»  Transformer 0o8adse 0odad:ad 8:00d circulating current [§desagepuS§olaopd Circulating current
030008 load capability 03 caqpoeooms losses oB3cupS: oigeodloogd

= bus of ratings 25p5c0pS: 309§ [GE 05

*  Paralleling transformers gpsoopd transformer impedance o3 9303200000 Gogpogeediaopd
oBelopé =:[G8§05e00500ea transformer gpaopd impedance sacg§eanicuSom o3adeon
mefopSelops short circuit current qp:sa: 03ton0e0dloopdn Belogpé reactor qpa fuse qps
impedance [§8e16093 bus qp: 02308 current limiter qps (33266005

- §8§05conie00 transformer od:adiams control cpbfsS protection cvbgSaangSedeogidloogs

*  Main-tie-Main 22095gjq20p5 cpOc§isdocdanl 3208:3a098¢P:aopdaaog0deloé transformer gps
BEgoseodsmapfigps :opedpiyeonco



Conclusions:

Transformer qp:ea:3e[GE §ode00depage load o3 consider cpbep kVAI percent impedance gps
380005 X/R ratio qpieogade 0000508 of§b3aq sangSaguSopeoanpti saffE8oseocsean
transformer o30R€ turn ratio qpss¢ percentage impedance gp: 0pp335dlon transformer
oo8c3:8opEongiean load Jeog §oonewwpSi :FEoSe05eo0 transformer o3el kVA rating
032005 o8ogom percent impedance ©0p830q€ unequal load division [g6cdl coepS

Percentage impedance qpeopc8g8isd kVA oooB3agi8opS: oBspSisacnubigbaenoog
transformer 006cd:86i turn ratio gp: woppd3dlon circulating current 8ssof:coepbi 0oCs circulating
current &l oedanaopd transformer &1 X/R ratio 6dl 0gEaopSs ¢ooobloopdn Delta-delta $& delta-wye

[§9e000 transformer qpeza: [ Es0050905[gE:s wlgjooteon

g6
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