zafwa (Electrical)
zawEa (Electrician) - srawmw

s 2.7.110 X 111 & ww&ite R

a w grwe - @ (Three Phase transformer - Connections)

SEAW T IS F A § A1 fAAferad w1 FA AT S0
o ITAEHT TIAT S &l ZIRORAT HT IO (A TdqTAT

o faftrer =R & Tt & o So aieean ST oY diear daet F ST FATY FGE F GUeT gF gRT AwH HIAT

* TG FT AT THE AT

o ITEGRT % ThIT T3] HT TEIHIOT FIAT AT Tk ITANT T4 |

FTEEHT &% (Transformer Bank)

A AYA FEAT A AT CIEBET HF W Aot qHAE &7 Fer
AT A1 FeAT FTLT § AR AT AT AHAT € IS 3=, FH
& TRt e & afed T ST © At 99 FEERE o Feardl o |

T I AT STHRTHT % I qiead] 3AIY o qieadl cuel & afHded
W H a7 Sl B T A9 Fell (61 & Strew & fordr awafre
5 s 21

TG & FReft o Wt & wratee i s goea | o
emf Eidt & St THT FAT |/ & | AT THA FAT TEEHL F oF
Ft ot T wP wea e o AT AeRaT @ S st S ateear
e ffme AT o =R A i s @y aicean aie e
AT IR | Teieua fF Are @ @ T wan sran @ & greeni
e 'R I § awted £ (Y -A s Y-d) 3 W

'R - 'R (Yy)
=T — =T (Dd)
AT ST — =R (Dy) @wi &t 9gw fFar o a@dr €|

TR T THR I Al Y Fteear
[EZIN [EZIN
T D d
(SRS Y y
IEUER z z

Fiofrar feramawr (rwEwor) (Angular displacement
(Divergence)): 7 @l % I= AlcedT ST o dteedT (HATl
% =fier dteearstt & dr= ua (Afeaa e awwr gtar & | 3= ateedr
AT Y alcedT & d9 a0 FolT G 36 a1 I (4% ghm fb
ave e ave & " 2|

a3 I=7 dteedl MY oY ateedr fFAT A1 TIe "R-T=T 24T
TeT-3eT | Fig 1 (a) (b) % STATE awfid & ar o faema"
g T | Afe afs @ dicedr ade awwt # Fig 2 (a) (b) &
FFAT IH(A X fZar sty at IR qieerasit § 3= ateedr HiY
@Y Aleedl due § GAT FAT e 180° s |
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Fig 1
o1u o1V o 1W Q1IN
Wit V2 Vit V2o Wik oo~ W2
W20, v v, 2w Y W,
o2y o2v o2w O2N

a) Y - Y CONNECTION

% 2v
‘IU{ 2U4<
1w 2w

0° ANGULAR DISPLACEMENT
b) VECTOR DIAGRAM

ELN2711011

Fig 2
CONNECTIONS PHASOR DIAGRAM OF

INDUCED VOLTAGES

jz\ 2VYW1
W, 1V, 2u,

180° ANGULAR DISPLACEMENT

U, 2w, 2v
1V, 2u,

180° ANGULAR DISPLACEMENT
(b)D B

HV WINDING LV WINDING

Wy, 1V, W, 2U, 2V, 2w,

L1

Wy vy W, 20, 2V 2W,

(@)Yy6
W, 1V, W, 20, 2V, 2W,
aw, e

W, v MW 2U, 2V,

ELN2711012

afe srafies 3=7 ateedr ¥ fedas oy ateear At & avet
% Y-D 3@t D-y ® Fig 3 (a) (b) & ST & & faeama 30°
Gl

Fhrorrad e & R & Re woner 0 asmEd
e & aees gy 20




af¢ qoet # Y-d @t D-y ® Fig 4 (a) (b) & SR awfa
frar st At = fifee ateear w1 e +30° ghm

Y qteedT {6 # Fig 3a 31X Fig 4a ® i awri # afRads
9% &7 § | &t e Fig 3b ¥ Fig 4b & wafifa S=x aicear
3T 3 eie Tl § 9fkady & e #iv § s giar 2|

Fig 3
CONNECTIONS PHASOR DIAGRAM OF
HV WINDING LV WINDING INDUCED VOLTAGES

W, 1V, W, 20, 2V, 2W,

T

Wy v W,
-30° ANGULAR DISPLACEMENT

(@) Yy

W, 1V, W, 20, 2V, 2W,

U, 2U 2
11 BVANE
1U U, 2V, 2w, Wy V2 V2

-30° ANGULAR DISPLACEMENT

ELN2711013

(b) Dy1

Fig 4
CONNECTIONS PHASOR DIAGRAM OF
HV WINDING LV WINDING INDUCED VOLTAGES

Uy, 1V, W,  2U, 2V, 2W,

xb

Uy v, W, 20,
+30° ANGULAR DISPLACEMENT
(@) Yy

U, 1V, 1W, 20, 2V, 2w,

U_i N o

+30° ANGULAR DISPLACEMENT
(b) Dy 11

ELN2711014

TE % T GE FTRT FAT (ARATIA i 4<% w1 (Representation
of phase displacement by hour hand of a clock): HV,
LV @uet & = fafsmr s & avadt & o &ar o &t U&
ST F AU AT g3 & AT HLa AH (AT AT FHAT ¢ |

S =St # Ave & gg 12° fRafa ax &t € ot gawt Fig 5a &
FgEY Y fawara w4 S 2|

s v v g3 & fRrfy 60 frfy 7 fawamo 180° &tar 2|
s w3t & g5 10 fafa 7 fawmw -30° & 2|

e 7wt & ferfa 110 qw gt & famemam +30° &tar & | arradt
g & | (Anticlockwise is positive.)

Fig 1 &fI¥ Fig 4 % T &t HA: =6 o o1 asar 21

Fig 5
1 12 1 1 12 1
10 2 10 2
9 3 9 3
8 4 8 4
7 5 5 7 5 5
(@) ©
1 12 1 1 12 1
10 2 10 2
9 3 9 3
8 4 8 4
7 6 5 7 6 5 g
(b) ) S
PHASE DISPLACEMENT BY HOUR HAND é

afewr @qE (Vector groups): hv, Iv f&A =T & ateedr & Far
eI % SIgaTe gE®HT FT aiHIo q9at | o Srar 21
o afder wqE Fd 1 hv, Iv A= & = a9 e e
et ZAGHR T & & axfisha gta & | fafrer afdw wgqe e
ST ST § AT ST & 1Y I qWw Tefish AR A |S:
2026 (s 1V)- 1977 & R 3 &1

STHRTAT % AT T& FATAL TATAT & ford ITah! TH A9 THE
F1 g1 =71 | = g fafire gy % ™ & ek o Fer
FFA AT i fawmem i gfe & gEw #t g |§
saTferd faRam S T 2|

TEHEHET 10 Yy Yd Yd
TEwRT 2: Dd Dy Dy
fatv= wpe TqITIT % TH

0 Dd0 Yy0
1 Yd1 Dy1
5 Dy5 Yd5
6 Dd6 Yy6
11 Dy11 Yd11

w@hie e et T.T |+ (Scott connection or T.T.
connection): 3 fawiy I | 3% A9 FaT qrawg & ford
aifesd (e & ITere & SIgATE AT(Sd ATEH AleedT ATAH (LT
TEY & Al & | {1 &Y 37 ITE | AT ITH I=F & Fahal
& | SHHT 9T FA & ford Thic Trafead SIE®THT FT SUART SidT
2 | IE ThiC T SIEHEET A el & TERMT T A el
F 1fers faderaar & gw@feE 3 a9 aard 2|

T T TE FT ITANT A HAT HT &1 HeAT ST & o
ft s T ST awar & s e arg § &R |

T TEHIAR Fvg 1 (et arerfie v fecfiaa @< Fig.6
F AR Bt & | wrafaE o s @9d wwe: CB, cb &
Fig. 6 & =rh &1 WY 2| 31T gy o S9e greeriR Fed

FAfRwd : TARIEEA (NSQF @R 5) - stvam 2.7.110 3R 2.7.111 & gw=ifee R 307



&, &7 frerTa 0.866 =iaT @ i grfis aur fgdies auet &1
T T ST g (AT D 3T d ) & SIS T /7w
& i A fBdos F2 & e BT srar 21

Y ST &7 AT AT A ST T ZESHT (i & af
fox B, C i &ar amyfa & oS o € |

o gEHEE & fEdfas # uF Y a & o 7o grEwe &
fEcftre & a1 f<F b iR ¢ & @ Fam smyfd amex &% & o @ |

gierem & for TR ST UF foram St @ et sy avg
aieedr & Fig 6 % srgare 100V @t Sirat 21 (Fig 6)

Fig 6b & wafifa afder amfer 1 fweor 37 9% a1 gtar &
fFaleedarE #IRE 9% 50V & ¥ 180° &eT frr & F=ifeh
DBaﬁ?DCDCaﬁf@%%HWTaaﬁwwﬁwﬁﬁ?ﬁﬁaﬁ
gt &1 Fig 6d & JiSHT 9@ @ SR f3amr mar 2|

Fig 6

100V

100V

e}

O
PRIMARIES SECONDARIES
MAIN

TRANSFORMER
(a)

100V | P Lab

b) VOLTAGE VECTOR DIAGRAM

d) SCHEMATIC DIAGRAM OF SCOTT CONNECTION

ELN2711016

FHATE B9 & T T 100V =7k Fel © ateed’ B, qHETE

st 1 & & A /3 /2100 = 86,6V F TR &, AKX
A % A 9 aleaar & 90° v & FET grawe fgdiad ateedrsit
F fordr off g etar & | grEwnie gt st KVA fRafwor
FT 86.6% wfaafra ear €1 Iugh qUe ATIA & FIHEHT
fReieor it 39 weH 92.8% AT ST THAT B

ggiEvwer (Example): 660V, 33KVA & Axjfcid WX & T&
g 11000V ¥ S & o & frdk wom AR (a) T
FUSH &I LT AT Aleedl e (b) &r A e FEEHT
T KVA frgteor|

grafae & R 9¥ aieear 11000V
I grufes & e o aieear 0.866 x 11000
AT 3T S | 4T A & AT ATZT 9T & a<a] &

[ - KVA x1000
= 4P - 7
STRT Yt J3EL

_ 33x1000 _ 3 _ 47304

J3x11000 3
geor it ¥ feeto® ateear = 660V
e ST Fteear 660 x 0.866 = 572V

1.732
660

11000

1.732 x 11000
660

= % = 28.87A

. I
The secondary line current I g =% =

ger KVA fgfzor = 11000 x 1.732 x 10°
= 19.05 kVA

&< KVA =0.866 x gax KVA

=0.866 x 19.05 = 16.4KVA

9 For F G Fel § G JAE A d (3-phasae to
2-phase conversion and vice versa): faga wifth smyfa
F TN ST 7 3 ITER oY faga witeat siv afeT
STHRTHY H 3T FAT ATYAT A9 Sl 2 |

TAAT | I I AT (o= T & 1 FeAT © | FAIrd AT
FAT T 31 FHAT ATI(A § TRATAT HEAT ATIIF € | T8 @lE T
gRT I faAr St g

gfaar & ford 100V syfd AR usHi® S Sgurd H
Fig 7 & srgam wafaa faa strar 8 | afa grawnie & aifed
AicedT ST ITFTH T ST & ST AfSrawfead fobar s
AT | Fig 7 (a) Gt &Y et IEod wear & stafs 7y
=raer Fig 7 (b) § yefiia 2 7 &1

308 TR : sawnET (NSQF &7 5) - s 2.7.110 3R 2.7.111 & awfa Reeia



Fig 7

141V

SCOTT TAP /

100 V

PRIMARY SECONDARY (BALANCED)

(a)

TEASER
TRANSFORMER

3-PHASE INPUT

2-PHASE, 3-WIRE OUTPUT

MAIN TRANSFORMER

(b)
3 PHASE TO 2 PHASE CONVERSION

ELN2711017

T TFd FAT THEHT T Fen w=men # @ (Three single phase transformers for three

phase operation)

I @ T UG & oA | o fwaforfead w1 FA AT 2

o gt Y fFdiaw @uet & R 9w @R F Tt ® oRfaa F9 A

o YT 3T qieaTl & FAT HT I@T AT Ht ATA FIA F |

3 FeAT dtcedT TITRT STt Faee arfvh TR & vees & fordr
o fafirt Sueay & | d STEwER % o age & qrafis «@iY
facfiaes adet & ford a o faferma & 5= e sl e
ST @hdT & ormd d et TRy & St @7 e s ey
HfFamsmas 8

grafiet & Y el 7 Y
grrfaat & Y et & A
srarfat ® A BTt & A
grafit & A fadest 7 Y
TFramn/RrameT s Y/Y "= Fig 1 ® @19 gesr & e
AT % " F1 T R ™ § I8 a3 g AT 39
Freearett & wTR fort stfersaw faaert & w=ifs gfaswar
TFR HT T & o, FfSd T T TRATT {qaqH &iar g |

TE qIEE FAA IH THA TATT I 1 TIH FLAT © TG WX Aot
S | @TeTt # U &1 T dteedl & ford Y % efiae & [ 9% ateedn

V FT FE gEEH & fr s el v/ [3; Fee AT |
IW@T gRT & FE} 2|

R - A srat Y/ A sw=r - arefie & i 3 ST &
feramr & vt w3 @ oY fedes S fedias awn @ it

Fig1
01U o1V 01w Q1N

Wit V2 Wit/ V2o Wik W2

20, 20, 2v4 2V, 2w, 2W,,

o2u oz2v o2w O2N

a) Y - Y CONNECTION

Vv 2v

—

1w 2w
0° ANGULAR DISPLACEMENT
b) VECTOR DIAGRAM

ELN2711021

g1 & St =T | =i & 4 % Fig 2 # fewmn i 2| Gdfes
I Terfareh YT ateedr & i ST T ST & ST

ST HT 1/ [3 AT &tar & | srerfies A% Beftas g ateear

% dt= 30° faeamae &taT € | 38 G FT g ITANT T &7
¥ Irbes fat a¥ g 2|

ZAfRwd : TARIEEA (NSQF @R 5) - stvam 2.7.110 3R 2.7.111 & gw=ifee R 309



Fig 2

01U o1V 01w
o \JWJ“JZ " " " Wvujwvz
ANAAS
A~ A~ AT
2u, wﬂ}zuz 2V 2V, 2w, 2w,
l 2u oav o2w

a) Y — /\ CONNECTION

v 2v
W —t———— =
N
2u 2w

30° ANGULAR DISPLACEMENT
b) VECTOR DIAGRAM

Fwar-Feet sruat AJA 7%= Fig 3 # i graere wefira o
™ & S wrafhE @Y fBdEE o s § A § gwfRe |
YY " F AgE qratheE AT fGdtas T ateearei & di=
Fofter fawema 7Y 2iaT @ | 39 g # UF AfARE a1 I8
2 % afe ua grawER s & ST € e go SwT A st
V-V # s=ferd a1 Tt €| V-V # 58 58% T A &t 9
ST 3T ST @ehdT @ 31T AT 719 & 66.6% IX J=Terd
T2 gl

ELN2711022

IR — AT sryEt A/Y @ 0 aE 3 W a8l S9AnT
H AT AT & STeT dieadT Hi SId HeAT ATa99F qel aidr
2| IETeW & ford = dtcedr TERr T F T | | gwae
Fig 4 & fammar mar 2|

STt AR fEdtas Yar ateeard A @ g uF gae & 30°
FT qTex gl ¢ | fadas &1 gt aleear & gua To®

SEEET & TR0 ST & \f3 AT et 2|

Fig 3
o 1U o1V O 1w

U4 1V 1V, LNW W,
» 1*_rwx, -

204 2V

EHE

W\JNQ
mf\_*z%

O

2U o 2v o2w
a) /\ - /\ CONNECTION

q Q

0° ANGULAR DISPLACEMENT
b) VECTOR DIAGRAM

ELN2711023

Fig 4

O

1U o1V o 1w

U, W,

2u,

S
m?

b) VECTOR DIAGRAM

ELN2711024

3- simwe #1 gwiae (Parallel) # s=me= (Parallel operation of 3-phase transformer)

SEAW T UG F A § A Al w1 FA AT S

o FHAT TATAA HT qRWING FHIAT
o 3 TIEGMT F ARG T & TGt HT 00 FIAT
o RO TATAA HT ATATAHAT HT TJATAT |

TRiaY w=raw (Parallel operation)

3t AT &7 & ATAF FEEHHT A AHIAC H T o I AL,
FisfeT &t quiae & daifoa ¥ & & g o 3q € o)
AHUST ATZE & A€ a9 91X (Fig 1) & TG0 AZT & dAifora
33T STTaT & 9€ SE%THY HT qHaY TG Fedrdr € |

TAEHT HF THEGY T=@A #1 wd (Conditions for

pararopertion of transformers)

S &7 AT &1 & e i Ft aHia § GO & &t aq
7 o T & Sea¥ F19 TUTe H G Fear 2|

310 Tafeeed : TARIET (NSQF X 5) - 3@ 2.7.110 3% 2.7.111 & gw=ifia Regia



Fig 1
INCOMING SUPPLY

B

3

A)TR1
vy JAIY

PARALLEL OPERATION - 3PHASE TRANSFORMER

ELN2711031

1 TS AT THE ST AT(RY

2 v gfie ghew ar afqua fiew aw g =y o
Ruxde =i afa<ty e+ & §i9 (X/R) AgIE @Y 8 T
=Tfey

3 dfRfe (gaar) awme e Jrey
4 3 gIHHT &q:-
) % e awe T =JrRu

i) @fewr aye W FaE g =Ry (dafia o faemde
HHUSL AT dAteest & a1 A ST AT(eY)

3 FIORR #T "W S=eA (Parallel operation of
3-phase transformer)

Fig 2 & SiEw®HY & Guia J=Ta &f {Emar & 56 T §
TAT ZEHHT FT T (SWT-RLR) A7 FH ST AT |

T THTY 3T ZTATH &1 ST A1 (Y/A) FT 3% I IreAy
AT AU ATIA aees FHTA ST AT(RT AT AT et srgama
AT 7 B q9 TEALT AT FHSL FT qheest AT FH T
Trfeu|

a3 37 AT et et AT & 2 =T guiaw § @it €
gfaord ST JOT & AT THEET 1 7 SH1SH SH®THT 2,57
STYT & A9 T T # Ted® grawr &1 KVA IET & A
e &7 =Tfen |.(Fig 2)

HHTAL TATA JedY JTATS & foIT ST ZTHHIHT T [T THH
gt =R | afe T./F @t wfae sficw = 8t ag ear T/F
I 9TEY AT T H HAM AL g 7 P.F. 9= & F4 |

FafRw : TAREA (NSQF @X 5) - v 2.7.110 37 2.7.111 & qwifee Rrgia 311




Fig 2

415V,50Hz 3@
AC SUPPLY

240V,50Hz 30

AC SUPPLY

INCOMING SUPPLY LINES

i

1u, w,

m )
A AN NANS
' —aa — VTV
2V, 2w, 2w,
2u, 2V 2v,

@

TR 1
A/Y
415/240V
100KVA

LOAD BUS BAR

/o

ST
I
l

TR2
A/Y
415/240V
50KVA

PARALLEL OPERATION -3 PHASE
TRANSFORMER - CONNECTION DIAGRAM

ELN2711032
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ot (Electrical)

gawnEa (Electrician) - s=wriw

v 2.7.112 | gty R=ia

TARTHY FT A - TEEHT JA 3T greq0 (Cooling of transformer - Transformer

oil and testing)

IqA : I U & A A A faforfaa wRF w A e

o @O TEERR F 9T & GO FLAT
o giaeq & forg ST fftEr &1 auie = |

siae= #t srawsar (Necessity of cooling)

74 # T H, g9 qE T A7 % 99, dAe g aur atan
BT & FTI, CEGHT H ATYA & SIST AT € A, FHAwHT
T B ST @ | S SE%THT &1 9 @A S @ at, dveT &
ATT Y FH FEA % (o7 TEHHT F AEL IeT FT HF ATgHSA
¥ fasfka e smr =anfeul

FTEEHT | iae & IoanT # faft=t (Methods for cool-
ing transformers): gAY & Sfaa" § ITANT g% faf@w
faforfad €| g & ATEst, AT au T & 9w AR
FXd gu et ot s ar &t o wfes fafet & d@aiow =t
AYATAT ST T |

wfa® ag At (Natural air method)

- arg &1 @t fafer (Air blast method) (Fig 1)

! L

—~o —-——

CORES

-

|
T

| . DUCTS

—~—o—

WINDING /"D
—-—e—

—~——o—

»DDDDf

——
——
——
- e e = =

7, 7

AIR BLOWER FAN

ELN2711211

STEHfa® do At [afer (Natural oil cooled method) (Fig 2)

Fig 2

CORES

COOLING
PIPES

TRANSFORMER — - -

OIL - COOLED TRANSFORMER

ELN2711212

A &1 aaga g4 (Oil blast method)
a & St g9 (Forced circulation of oil)

+ A quT 5 sfiden (Fig 3) (Oil and water cooled) am
gunifed (Forced) det @ STt sftaas

Fig 3

—
COLD WATER
INLET

—_~
HOT WATER
OUTLET

COOLING OIL =] —
L — == TRANSFORMER
WINDING

OIL AND WATER COOLED TRANSFORMER

ELN2711213

TTEHfa® dot oftaer fafer &1 amra: 100KVA @& & &9 &war
# faaewr gewniv & forg st srar 2| afkaer (sme-am)
Y & TFHAF A F FEEHLT A9 & FHT & ST HIA &
fore 3w foam ST 21

arg =it fafer (Air blast) #, g % @d 9 a1 #t 9Hd
(Blow) % forg dwt &1 Iwn o star €| o w e seaw
ST, AT F S § FA el 2|

200KVA & 1fers &Tdar & gia®rde &t o do & ST &
e T ST & | A aur FY, d § F i & | sfidqerw
aferT & T & IF FT AA% dear & (WA =) |

AT TAT T Iaa TG § FIABTHT & FOAT FT AT FIA F
forT o d9 H & 9 I F A AfrHT ITAT AT ATAT € |

313



TR dw W gheer (Transformer oil and testing)

SEAW 3 UG F A § o fwAfortad w1 #A AT e

o TEEHT A F O HT T HAT

o TTEMHY A TIH 19 AR At & 7 Far
* TN R FTHEHY o % FTEH F FROT & qW A
* ITTAEHT A HN ATTTARAT TATAT

o A N IUTEAT H FHT HT HILOT QT

o TEERR da * i sereet # forg aderor-fafmt @ w5 |

e ao (Transformer oil)

LT &THAT & TABEY T Aol Mfad SEEHT ed & | SEwrHT
farpatem a7 # giawER aa & T weaqu el & |

TS & AT W ZIEHHT | A1 TH & HieT aot/TaTer Sgw
& s

© GRS dq (SrIiier)

. fafom warr (F9 s s

o EIEEHET JATET (SFaar Tfed)

AT TTAHMEY def U GATST del B1dT € ST Fed Ggifora | it
TR FTh T [T ATAT & | 616 A G@T @A ot U arear
TR[GeY B1AT & | AT & g1 I9H g9 9gd W T ¢ | /W I
TF A JaTel & ¥ arg # & go= TH H g o1 & |
A &1 AHY AT AW & FIALE [@F g¥ TEAT ARY |

faafes TamEl STaTT & ST AE THhear | 3T GHIST S HTHT
AT & & IR e Yarel &1 I (A ferfad graAl | ST
g &

et TeEt §
o oAt § #iT gavars o §
.« Tl |
TFEEHY | AT, Al Y Tt S| S e
B € | T @it eTEgt F1a & ATy SRIATT A /g det/

famafes s aer et ASKARELS MTPYROCLORE
FET ST &; AT T fhar ST 2 |

THEFT oo & 0 (Properties of transformer oil)

I FEEHT ad & O AR © -

1 o= faftre gfa<ty 5@ g&r == fagaery gfo<y
2 FEA¥ AT AT A I=F Al a

3 3= Wad fag arfe v amoee o o 7 @ |

4 &9 41 % QA © A AT @ THT a9 a8t &t |

5 % sHar A dchter saod &Har |
T do #1 Awed (Necessity of transformer oil)

A (WT) T AT BT A Fre T i & Freor a€t armar
faaeor g ST AT Serd #XA € | 78 T & fF Sugew
fargates AT Iueer FT FT AT F ATHE I & fiaT
& @ I |

TR dat Tt A9 A avnfy & &7 § Frf #ar 1
39 YR T8 faR[d o9 Ft JeTar € | g ad oA #1eE
% &7 oY M HLAT & | A FEBTHT F qa Sy gt & forg
ardter fRrear amEr 2 |

TR ad & JGET F F10 (Causes for deterioration
of transformer oil)

T ael A TEEEY T § € At s=n & it & wwor
TAEET dd AT A= & el gid € |

3Ie1e¥9 (For example)

1 &1 F qWE H A & a H T4 AT g gidr & | 79y Ay
HISTET BTIAHTEH BIcil & ST oIt & AT STSTALTUN T TATfIT
FIAT & A fagaere amiiet & saeme | dfiadr aeef |

2 FUEAA A FHIE TBI I adSe AT AT Tq9H a7 qobel
g | 7 wfiaw 3¢ Ft Fgerl MY sEw Agacy sl &1
FaEH & g%ar © |

3 3 3 dte, diar A T arfes frer sretar serET |
T& WAl |, SfaRresar gedt © e g qurd o wgedr
g Y I off TEHEHET A FT AT F |

TAGHT ae &1 qL1e707 (Testing of transformer oil)

Ao ofifaa gt & e ST i sgee & forg =i
T 3T ST RIS & Teol SIahrIRT & a7 % & ST S aHray
Aot 2 faraT ST | ¢ TR & SIgATe ST T & fhees
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FIAT T B 6HAT & A F3 AWAAT § AT AR qt
AT & d8aY SAGLE & forg AU aet &1 Ferfer & S awdt
g |

THEAR da & fAwmea F ar 7 ol v & fou fafofaa
srafes aderor & o @ |

1 faga a« #1 &7 < (Field test of insulation oil)

2 faga<iye da %1 %% <& (Crackle test of insulating oil)

3 faggaiye ae &1 1aga ¢ (Dielectric test of insulating
oil)

4 srar @& (Acidity test)

1 fagaia= a=t w1 &7 whewr (Field test of insulating

oil)

S TF @l & leX H Awfae AHad oo & 9 IS =
ZIAHHT A & UF 48 STell AT & A G def 747 &, T8 AT
agfa aaTd @ st & Fig 1 & femmar mm )

ST {3 ST ATEHEAT-ATHRA AT AT AR el (IS STTYH
&) F A § g7 qTIEd: qUEr a9 1t @ | A 7w Judt g7
158 18 mm, & F7 TE FT &F =Tl © Al A H1 TANT b
ST HHAT & FAAT 38/ A e e € |

T FAET AT A ATILH B © |

2 TOEET a0 # heel qereAer (Crackle test of trans-
former oil) (Fig 1)

T S % TF [ &t a2 e 39 fL &1 19 a6 goelt Toha
AT (Fig 1) | 519 o TR i &a & STAT AT & af dsf Jedem
FT ST GATHT 3T AT A § AHT & | IO At HaeT FSHSEC
a7 FEA |

Fig 1

ELN2711221

CRACKLE TEST

3 ZTEEWY ad # WEagda e (Dielectric test of

transformer oil)

sTferatoaT wTE aet 8¢ FT TANT FId g % fohaT AT € | A
T e § & AT WATfees &7 947 a1 g1 & | (Fig 2)

== S—i =

¥ i I
R3 / [ — METHYLE

METHACRYLATE

N

10

OIL TEST CONTAINER/CELL

WM411022

#er 300 & 500 ml. % = THTET ATegH T SVAT & T8 SAreHTITAT
v HEAT ALY | 3T TFR & & Fig 3 7 fmmm mar & |

Fig 3

22
L

DIELECTRIC TEST

ELN2711223

s, et FHiET a7 LA &ier s 12.58 13 mm =T H T
SFUSTEHY 31 FFal & 2.5 mm e g W F dfas g8 W
AR ZoFgis & ®T # TN & omar # |

S F <X He T AR ed fhar v & | foeg wvreh = &
TAFZIST T UF & FIG G147 1T @ |

IR A< F ITAT TABET § A T ST @ AT ateedr d
T & 60KV # fafererar arft o et & | % fIseet # dteear
79 & (push button) &= & s=Tem & Atex gRT Tfafdd &t
ST & |

WREga e giee &1 3y qRey sE Fig 4 | 3@
(Electrical circuit diagram of dielectric test unit is
shown in (Fig 4)

TR de ¢ IXTAEd 38 F39 & oI aar i i & 3o
faarT STTAT & 11X 3 T TAeT ST @ a1l e | A AyEds
g faawer & a9 AT % A |

IS gI 18, A &l - 3 q § STAT AT © ATeh a1y
A AT 81 | I€ T g & Ieh & & I Far v e |
I & qUT A ATTH TRAAT AT9H & qrae gn |

ITYTh A TN T AT T A i SFHA [Afey § T | & i S
gffe & W@ o fem o #W |
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Fig4
-

CIRCUIT
BREAKER

CONTROL
AUXILIARY
RANSFORMER

T —
T4 TRANSFORMER
Tar

| H.T CONTACT

POWER PATH
240V, 50Hz OR
220V, 60Hz

%» 1 PHASE, AC
NO/CHT
I_N [9)

4

HIGH VOLTAGE
TRANSFORMER

®

ELN2711224

CIRCUIT DIAGRAM OF DIELECTRIC TEST

40 & 60Hz =gty & ¥ 91X TET ateear 2kV RMS #t §¥ 9%
TG IX ‘O’ & AT (Y W7 ST FLA % T A% U T Sl
g | W7 FieedT 98 FieedT @ S 3% & I SAFarel & oI el
T T9T B & qET 9T gl © |

afy gorgiel & S T oS ®=&fa &7 9 ar 9k @ g
STAT & | T aleedr &t &1 STl & A S (il & AgaR
AFET & e # I © | e 1S-335-1983 aga wrwwe
(VT afcedT & AT §) |

1 747 sfAeRd SEwET ad
2 fheEe & a8 EHET da

- 30KV (RMS)
- 50KV (RMS)

afd ¥ aieear 30kV (RMS) ST 7& F¥dT at Sa®rHT der it
fohee Fe &1 fawrier &t v &

St & W T 6 IR ¢ fHAT S | aga | v 6
qfort & Ao wrer g |

IFAaT ¢ (Acidity test)

T % ST T 0T GTXT STA TS TR BI & | ST ahoT fagIae el
AWEET SF ZEEHT FISAAT # TYH [AgArdt T AT IH

TS T AT FAMT | ZATIT T2 S & & aweqar = 1
AT AT AT qie o S |

7% X A & forg fare Iqarey & o fFeafofaa e 2

1 ¥ areirfiT Jiae o\ 0.0085n @S & ST Tehied
AR Jifeaw Fate 7 100ml T&F star &

2 |ifEE AT aTelt UF gES aad

3 AR ATF HT ¢ A

4 & i graw ot Aferedret & ®9 § F19 #3d ©

5 WAt I AT a9 AT

6 ergaw g

wféat (PROCEDURE)

@ =@ | 1.1 ml fargasht ar (P 2w &2 @) awe 3aw
8 ml e 1 ml feega f@Re e« & 7w & fR-6 e |
AT 1 ml =it 1 0.008 5 N TifaHw Frate e Iéwaiﬁ'aﬁ
% R R feam % are arfd® gus #t 5 48 ST | TRomH
T Uk {7 3T HXAT & ST =l o AT A I ATETRA et
g |

Fftoadt avf ¥ fawrgaTe gl
F. W FA AT A aqof
0.00 AT
0.2 B
0.5 e
1.0 At

et i A giea F3 & fog avt =e o fahe & @y R
SR |
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ot (Electrical)
gawnEa (Electrician) - s=wriw

v 2.7.113 & gwita e

Bt TAEHT HF argf=w - azf<n agiw (Small transformer winding - Winding machine)

IqAV : 3 U & A A oA faforfaa wRF w A e

o ZTHEWT FT IA: FTUTA FIA & (N7 HEAYUl STET HT T FLAT

* BT TEEHI A T: Fogad w4 Ft fafer &1 qoiq ww=n

o FA F ITANT FIA Y T Ftee T H 70T AR Trateg T fgedms et ) den qw s
o TEEHI F I: FoTAR & Ho{q TN F TgH T FTEAT FI9 | TAGHT HT AW, TAA FT ATESH q4T FERET Q@ F qEgs &

AT HITAT

o ZTTHEWT HT FUSAF & TG A TTer THAT FIA HY AT FAT

B FEEHT & g7: Fvged (Rewinding of small

transformer):

39 913 % fawT 9% UF U8 A% & a81al HI & (GG & AN
F TE & A BIC GIAGHI & ATSST FEA % &7 A QAo
FAAT FTEaT 2 |

St aTg e ster 7d & AT g ae & afuwd & v &t gh I
FueSford FEA A SATIRHAT ST & | TIABHL 0 GLAAT FEA
F ATITAFHAT it & | TTABHT H HLAAT T TFW F ATAR
IR & Gl F1 HA AreT-AreT 5 g 2|

Fiwe # &€ w1 (Recording the data) : gia®™ &t
e &9 a7 9 | fefofa gter s =nfeu|

—_

arefw At demn/a /e

Size of wires and insulation.

FAYE T AL dteee, & FE

KVA &3ar

GRIEEECIEeC]

efimer ATt / e aifore

FIE HT THX / 95l (stampings) F =T

Fifed &7 faawor / #i%

AT AT H G FE4, 9, Ae a, T & =

AT, FUSAA! & S FYATA HT A3 T THC T TLAT DY
ger oft a5 ST =Ry |

Ffe qRAT Aifee argfeT % forg g F § A &, =t a<e
q T T A7 A11eT e et off ge break a1 e+ (crack)
& Th 1T AT | FE F4T atfae T o st @ at g9 3fa
& (stamping core) & &1 Sit= & f g8 arg stAwTer oft
sfte 7 8 =T aga wfas arge ffe off 7 &)

© 00 N oo o M~ W DN

U & Ty IFHA ATIST &7 AT HT T4 STET & AR AR AR
F7 &@eet 1.S. 4800 (Part - 1) 1968 % @ ATIAT A1(=T |

A T AIZA THANA A ATAT AT THel? & | T T
29 AR & AFATY TEAIar 1 AT H g1 afey |
ford T sriwet (Data) F AFAR TR TAAT HT A
FIAT ALY | BT ST TR T G I 7 &, IqH
THY T T IHY ATEA T qST FT T4 FLAT A0 | &=t
T ¢ S argfR # SuAhT A 9™ a7+ (original)
# A g ARy |

2 s %t fafer (Method of stacking) : #is & 93 @+ &
qd T, 7S 4T Fre fRge e % forw e & St e At =R |
FE § & W1 H geT a7 AR A fFdt ff g¥ g5 Fie &1 a&v
F AT ALY | T 31w T e (pattern) & g & 9g aqW
Trfeu |

ZI®E #1 9ot (stampings) ST STeed €, 98 AT awa fher
it ol SieAT 72T ATRY | UF AT THX & EEHY F forg fafewr
FTHY A wie Fig 17 fewg 7€ 2| <fiew # 3 yaw & fom
Tl =1fey T =T &t aamET =y |

Fig 1

Al

E&I F&F

L ]

E&E T&U

ELN2711311

TEEHT F TA: Fogfed w4 #t fafr (Procedure of
rewinding a transformer): 39¥ FATC AR, af A §C

TIAFHTHY & Gietd G GHY STa9IF FISAT HIYA: FISAT HIA

317



1 fafer adt &, ot 3o ateeaTdie Fvech FgH: Fusfod Fe
% forS STaTaT o7, e A< 7% © fof giawrie Foea | 3t Jorh-
T FUSHT Bl & auT FATET F AFAR Trfos | A7 fgefors
# a7 gt | fafre ateest & ST & 't §)

TAEH F Re1ga #391 (Designing a transformer) : st
ZAEHT AW A T (‘SHELL TYPE') & &id | 9ia
THR # WAfHE 7 BfuE aEt Fuead @ FF At o 9w
aRifed g 21 S wite gEwny & oo w1 F fog
fgaR ot a3 |
g @@ (STEP NO.) 1
THAEEY FT W Jieesl T e & fia ot & 71 Ffeg |
P,=E,xIl, .. Formula 1.
AT AT g9 & fou e seevr f3ar 2
grrfie aieest - 240 V
fadias aieest - 6V
feciTs we g - 2A

amfT - 50 Hz
Ierw & forg fonta e &1 st G ST 216 x 2 = 12VA.

g &= (STEP NO.) 2

fafaw ae s i

P

=m ....... Formula 2

P,

ATTIAAT SAETHT 1 g&7at 80 to 90 &ff JTdT &, IITeww |

_ 6x2x100

F)
! 80

=15 VA

g w= (STEP NO.) 3
ZIARHT & IS & ATa9AF AT FIE AT%A AT F2 |

AT FTC HTAFAATT A & oY F© I19 (parameters)
ATATIHAT ST & FH Tgell | TG &1 FT Ford o, T
Mg, AEET AR § FIHT ORT 5 q ZEHHL & [
a6 |

TF T THT T IS THY % SERTHL & [or7 AT HTe HTHA
¥ fa= ¥ & forw wHer: Figs 2 @ 3 7 sfaciis &< |

fafere frfaat # giawrT & fog smavas e #1e 8% d
i fawforfaa sgar = fFar smr &

Fig 2

CROSS SECTIONAL
AREA

ELN2711312

SHELL TYPE

Fig 3

CROSS SECTIONAL
AREA

CORE TYPE

ELN2711313

[ P
A=3.8x m ..... Formula 3.

)

EC
A -TATE HIS FT AT FE &THA CM2H

B - % O, aET |

f -wem s eds &/

S - FEfRT AR & ¥R T\ TEER/mm?

P, - SHE®ET & gAYE RE a1 &

I ATt # HF TIT & ATg T 1 50 gET § foram S ashev
21 U5 130 95 2/ va | 91fth ST ¥ 7 @bl & | T2fT B &1
A T gt & St 39 9are 0¥ AR Ft © o wts a
&, & A1 &Far o "%ar 2|

T dtE o1g ¥ite & forg B = 0.6 to 0.8 tesla

STE-HAT 39TT & forg B = 1.2 to 1.3 tesla

I=7 uehig ofie F et B = 1.510 1.9 tesla

Tzl (stampings) & fetaT s S@e ¥ o T
F W Ft ATEEHRAT HFAR Al w21 T

% AT ETAHER & oI gu¥ $mee a9 ares forg e wwe
Ft et faforfad s & = fFar smar @1

1 2.5 KVA ar sfeE 1A/mm?

2 0.75% 2.4 KVA 1.5A/mm?
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3 0.3#0.74 KVA 2A/mm?
4 ¥ %1 0.29 KVA 3A/mm?

TF EF HY HE FA & (o0 g7 F 1.5 & Tk F [ =
ST @FT 2 |

IITETW & AFATY, TF 15VA FAYE & forg stmawas T9Tias Hie
FT ATAET FIC ATHA S|

A:3.8X\/ 15
0.8x50x3x10"
IR TOIHT § TS T8 AT % forg amT e #ie & forg
TRT T 3A/Mmm? T BT T9cd 0.8 T foram = 21 4.248
$Q.CM % FIE &% % forg g7 Fie T AeTE 20 mmd Hie Tt
21 mm SIIT T A 2|

=4.248 cm?

AT Fre = 20 x 21=420 sq.mm AT 4.2 sq. cm

areoft 1§ E T | T&1 &Y 9gal & forg &ie & 71 argst f3ar
T & ST AT AR 390 % forg gamar &€ & 3 gzt S § 39
THR & U & | Fig 4 @f@ &t 3w (dimensions) &t 7
=

Fig 4
d

(o4 )]

k3

i k1
a

ELN2711314

e T weeft & e site 71 AT |18 &1 99 FA7 A1 |
TBT W FH I A1 AT 20 mm A g, 39 TR FIEE.L
60 T T Fd & e off o sty e F forw oy
FATHFR FT T FT T 8 | T 9 faeor & efFm o
d@rT AT qifad F AT, TAGAR & AT a6 2 |

g @@ (STEP NO.) 4

ST F&H G 4 FT ITAN FIA Y qleest Tl A & forg T0rT
F % o 2|
e=444xBxAxfx10* ... Formula 4.
el e - dtees Ui &t

B - %@ B &l H

A - g FIE & &A% cm? |

f- & ¥ smgfa
JqEYIT
e=4.44x0.8x4.24 x50 x 10* =0.0753 volts.

g @@ (STEP NO.) 5

T FUSet § e & H&AT J1d FA & forg

240
17 0.0753

fadtas Foeelt # e &t ", T F fog

6
0.0753

fadfias Fuea & aieest g (smwfRkF) & forg 10% =ix s o
srarfa N, = 88 turns.

= 3187 turns (approx.)

N, =80 turns (approx.)

g e (STEP NO.) 6

3 WIfh FE=w | AT & A1gl 6 T0ET H2 |
P=Ex|;|=P/E ¥ 3T & AR

arfie €T = | = 15/240 = 0.0625A

fefras awr =1, = 15/6 = 2.5A.

3A/mm? T 4T HeT AT U TTATHE HTelh HT AT FTT
e BN

A =0.0625/3 =0.020833 mm?

& = 0.1628 mm

AT AT dT¢ #T =19 = 0.160 mm a1 37 SWG 1

3A/mm? gTRT B WA gT B ATele 1 ST HIE HTHeA
g

A =25/3A =0.8333 mm?

g = 1.029 mm

a1 %% @Fd & = 1.00 mm dia. 3% 37 19 SWG.
g @@ (STEP NO.) 7

Fig 5 T Sifa & ST 71T 37 & 31T qevft 2 wved efamr
F AET FIa & LSS AL AT & AT JTAT § IueAe & | F=t
9% E| 60/21 Sfa &t gA7 71 & A7 fF wr A Fwie o
AreTE % fore Iuges € it 5 orft onsft o & foram wmam a formatr
#erE 21 mm T & =eE 20 mm &l

Fig 5

ELN2711315
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a1

AT FT AT A

=R
fafreso a b c d e f g i k1 k2 k3
El42 42 28 7 3.5 21 14 28 35 3.5 — 24.5
El48 48 52 8 3.5 24 16 32 40 4 — 28
EI54 54 36 9 3.5 27 18 36 45 45 — 315
EI60 60 40 10 3.5 30 20 40 50 5 — 35
El66 66 44 1 45 33 22 44 55 5.5 — 38.5
EI78 78 52 13 45 39 26 52 65 6.5 — 455
El84 84 56 14 45 42 28 56 70 7 — 49
EI92 92 62.3 11.3 45 51 23 69 82 5 6.5 57.5
EI106 106 70.5 14.5 55 56 29 77 94 6 85 64.5
El130 130 87.5 17.5 6.8 70 35 95 15| 7.5 10 80
EI150 150 100 20 7.8 80 40 110 135 7.5 125 | 925
EI170 170 1175| 225 8 95 45 125 150 10 125 | 107.5
EI195 195 1345| 255 9.5 109 51 144 171 12 13.5 | 1225
EI231 231 166 29 10 137 58 173 204| 135 156.5 | 1525

wfR & |rener J@erE : 0.35 mm and 0.5 mm.

A2
TASAT FT S A
AR b h c k L et b h c k L
faferewwor e
El42/15 145 | 148| 302 | 51 | 186 El195/58 517 | 186.7
E148/16 165 | 168 | 342 | 60 | 216 EI195/71 | 517 | 707 | 1997 |402 | 109.4
EI54/18 185 | 188 | 382 | 68 | 24.2 El195/86 85.7 | 2147
EI60/21 206 | 210| 427 | 77 | 267 El231/65 64.7 | 2157
EI66/23 | 226 | 230| 487 | 87 | 286 EI231/81 | 587 | 807 | 2327 |475 | 1274
EI78/27 | 266 | 275| 562 | 107 | 346 E1231/100 99.7 | 250.7
EI84/29 | 286 | 295| 602 | 117 | 37.6 ]
g @@ (STEP NO.) 8
E184/43 435 | 742
El92/24 245 | 750 | 202 | 466 | 235 ST ¥ & AR STATo 7 faefiares & et 1 6 &1 Aa e
E192/33 335 | 84.0 FYA AT AT AT AT F
EI106/33 | 296 | 335| 881 | 206 | 466 afe sl e 37 SWG e 13187 248, sfe kv
E1106/46 4651 1011 # 19 SWG guR g#ce AT d1X &7 88 & & iy +ff 7% St
EI130/38 | 357 | 377 | 1054 | 259 | 645 e S A o
EI130/48 47.7 | 1154 ST & T T ST R T ¥ A
El 150/42 417 | 1225 N .
EI150/52 | 40.7 | 51.7 | 1325 | 29.8 | 70.1
El 150/62 61.7 | 1425 e 3 AT AT & AT T AT & AT 1y 3ar @ forg
EI170/57 56.7 | 151.7 T T om St # srafee e o awar & | Aot 3 & werr
EI170/67 | 457 | 667 | 1617 | 337 | 85.1 # 5 O # T8 T " @ o angf e dangf<w #t aafem
EI170/77 76.7 | 1717 foFaT ST waT @ AT A
320 TR : TRRET (NSQF ®¥ 5) - st 2.7.113 & awifie Reaia



qifeT & Iuerey argf=ar & = | x k.

(Fig 5 %t 3 #¥ a1 2 #Y Gemar & =3 faar @ atfaw El
60/21) = 26.7 x 7.7 sq. mm = 2.055 sq.cm.

Srerfires 7 fed e et & forg Srrasas &=rshel STTd & o forg ot
3 &7 ITIIT FY |

Tt ® %7 & germ =3187

ATT & T =37 SWG

e 3% AFATX 37 SWG & Az ar & forw 2820 e faeilRa
g St f% 1 sq. cm &g%war | Frafera & o aad 1 59 TR
3187 & & forg srmavas @

3187 x 1
2820

=1.130 cm?

fedfias & %2 % 9= =88
ATT & T =19 SWG

e 3% AT 19 SWG #Y arsfRw ar & forg 85 &+ fgiRa
g ot ffF w1 sq. cm &= | Fraferd &y o @ 2|

_ 88x1

=1.035sg.cm.

T AT I =
T & forg savs = + idias & o smavas =

= 1.130 + 1.035 =2.165 sqg.cm.

T AT I A & AT FEEHL % forg g6 7€ Fie 7
TH a2 i B G b & | Al 3= ST H et 7 A
T 2| greeit 3 H fRF w R Y @@ & Ty AT A
afwfora & st arsfRar & ST eiar €| gwfory sga &1 g
F IRFAT § JIF ET § AT H ATIRIw ALl 2 |

firert (CONCLUSION)

ZIAHWT & 3H IEELT | AT q13feT reT e 2|

TSGR &THdaT
grafdw - 240V
fedm® -6V
smgft -50Hz
st -15VA

a3

mm & at SWG afd sq.cm. @i
EARCIN]
1.60 16 34
1.40 17 44
1.22 18 60
1.00 19 85
0.90 20 104
0.80 21 132
0.710 22 172
0.600 23 233
0.560 24 279
0.500 25 333
0.450 26 411
0.425 27 493
0.375 28 605
0.345 29 705
0.315 30 860
0.295 31 976
0.274 32 1131
0.250 33 1302
0.230 A 1550
0.212 35 1860
0.190 36 2247
0.170 37 2820
0.150 38 3565
0.132 39 4758
0.122 40 5487
0.112 4 6742
0.100 42 7874
0.090 43 10198
0.080 44 12632
0.071 45 16119
0.061 46 22000
0.050 47 30533

#iT (Core) : &g & &% 20 x 21 mm as decided in
Step 3.

Fifa= (Bobbin): 73 7 & faw=ar % st =iters 20.6 mm, F418
21 mm, FFETE 26.7 mm FiwT @ Tl A1 42.7 mm

A FT AIEA T & (Wire sizes and turns)
e - 3187 & &t £ 0.16 mm =& 3 37 SWG 3w &1 21
fadfia® - 88 & &1 f%1.00 mm =& 7 19 SWG a1 %t 2|

=R (Stampings): ATt 18 I qgat 1 A@er 0.35mm,
A Y 21 mm & FeTE  forg 60 RFRRT 3 strawasar e |
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=T 7 951 A 9 TS ©IF AW gU 86 Fad 55 LR
FrerEagHar a2 | gEfery El 60/21 T&¥ &Y 55 &fdnT & fow
0.35 mm HieTE arefit RIERT & Srawgshar 9= |

I FUSA & 919 ZIAEWH HT G017 (Testing of transformer
after rewinding): I: TS & A8 HIS !, HIS T FISAT
% I FaE % AT AT oS & Ol & 36 e F forg
TE®THY HT T 3 ST =R

TgaTe iy a9 (Insulation resistance test) :
FUSAT T FIE & d FYAY Ffererer A9+ & forg 500 atee &7
Y &7 ITINT 3647 AT 8 | 56 THE & AT ISk AT &
AT & A T oft fafy § o2 o #r ofter & &9 % @
=R |

TETHI ST T30 (Transformation ratio test): Y
# fadias Foeaw Ft AT SIS FT ATAHF Foead &t Faia
AC TR & ST ATfev | I dices et I @eradar & Srafis
T fecftas AT & ateest AT A AM(RY | FEEELT A
o8 sIgar ateeHiext & Tradi® qra s |

W T (Load test) : SaTHT #F SFa T & Wie & Seer
7Y, I& WX T8 THE & & F giowm & s greaq
# AU WX 9TRT JaTfed &f qa | 91 F7 &= 9 F37 % aw=ma
TABTHT T AT HT ATTAT T oTdT &, STEl o q¥ 9 &f
% 39 a9 gfe & A=ifiE JAHEY IR 361 qE7 /e |

YT § ZEHTHT &1 aTIHTE a7 A FB 3T a18 aTqaT R
BT ST & | ATOHT & 36 gfeg &7 3 AT A1iey AT a8 ZEwET
feoTEa % AR T & a9 & AT @1 7 g AR |

g qRay T80T (Short circuit test) : STET T THEET 9¥
HrET | ST TR T &Y, T8l I ST A EefE guea
F TYTRTT FT AT AT(RY 37 qrrfars 7 fe aieest e we
F1 UgsTee adjust FF 34T AT, T© (7 atceest 3t et J1fey
f& facftos & i W oy atfed &R & | g & o &t
A T ATHA H¥h TEAT ATRY foh ATIH | Ifex 81, TEwET
% T aF H giAfead far s |

JEATHAAT A Aol SEEHT a1 -A # Bl 8, A%
g sfae FEwET @@ ‘A’ 71 ‘B’ # g 2

FIET A F AISA &t ATR i fAr-angt= 7t & wnr (Method of measuring the winding

wire size - Parts of winding machine)

SEAW T UG F A § A1 fAAferad w1 FA AT S0

* 1.5.4800 Part -1 1968 Y ST JTHTT AT A & ATZA F A= Ft Fafer 71 qoiw ww=n

o grEfRT aroft & REwer | w340
o iR weliw AT SHF FAT HT IO HIAT|

IR O & Argw # A9 # fafr (Method of measuring
the winding wire size): AR FIEAT Ht FUSfoId HIA
F oI qaTE &e a1 31 FAHee AeE (AT aw T 3
ferfaat & uogehifaem) SowT &far 21

AT =Ter A ferfa & argswnfiex & Ao & = & St & S
Tt & | aTes =T a fRafa 9, aefRr aw & ans arw &
fore =ere &t 3TE orvaTs | Yfored AT STt € | ((srafa v wWiew)
#fT 29 1 71 qwidt £1.S. 4800(Part |) - 1968 % SFATE =&
T gfaty &1 gy sa AT ST Fear 2|

& 1
mm | | AT
0.071 & &7 A Tfag &
0.071 &t sfHer &% 1.000 d% gy 7 =9 &
1.000 & srfers Fad A &

AT AT o2 1 stgerat (1.S. 4800 (Part 1) - 1960 % sgam
reres &t (Ao ave & = qur gfaty v et & e s
ST HhaT 2|

aroft 2 1.S 4800 (Part 1) - 1960 & 9T & AFA ATAH

&7 TTEST T IfA<er & goer &1

Fusell Fveaw 7 (Coil winding machine): =T

FATEA ATZ(ST WINA & AleedTei FUSAT &l Fostord far strar

2 | FaTEe argfeT Aefia & sreraa fforfaa giaarsn # feen

T & S fF Fig 1 iR 2 7 e e 21

1 o ifedex, ot #Y =T aW F o a1 F8veY

2 WM & AFAR dX-{he Fgia Wire-feed control a1 &
=] & dgae o= v afe|

3 AT AETE[FATEA HT TS A AfdT

4 A5

5 Hafeqe uTTH

6 A e ofy
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& @ahaw® (Turn indicator) : e @de yT: fesfre waui arer [ X HE FIAT BT © | ARET B AW q@T G FISTL H
BT € | SHH FISTT TG B IA: YA aF AT H TG Bar g | YIET &1 IS e HEAT 1Ry |
FUSAT H %I & HAT B ATq FIA & oIg FTIeL H1 A |

¥ 2
JATHR ATAH HT ATH T AT
AT AR T 20°C ¥ stigr wfa #iew § sl
= a THIEw
mm. mm. qAT . 4. qHT st .
(1) (2) @) (4) (5) (6) 7) ()
0.020 - 54.88 65.31 46.63 - - -
0.025 - 35.12 41.09 30.55 - - -
0.032 - 21.44 24 .44 18.87 - - -
0.040 - 13.72 15.37 12.21 - - -
0.050 - 8.781 9.559 7.903 - - -
0.063 - 5.531 6.029 5.033 - - -
0.071 0.003 4.355 4.725 3.985 - - -
0.080 0.003 3.430 3.704 3.156 - - -
0.090 0.003 2.710 2913 2.507 - - -
0.100 0.003 2.195 2.349 2.041 - - -
0.112 0.003 1.750 1.864 1.646 - - -
0.125 0.003 1.405 1.488 1.328 - - -
0.140 0.003 1.120 1.180 1.064 - - -
0.160 0.003 0.8575 0.8983 0.8192 - - -
0.180 0.003 0.6775 0.7068 0.6499 - - -
0.200 0.003 0.5488 0.5706 0.5282 0.8913 0.9317 0.8528
0.224 0.003 0.4375 0.4534 0.4224 0.7105 0.7404 0.6820
0.250 0.004 0.3512 0.3659 0.3374 0.5704 0.5975 0.5447
0.280 0.004 0.2800 0.2907 0.2698 0.4547 0.4747 0.4357
0.315 0.004 0.2212 0.2289 0.2139 0.3593 0.3739 0.3453
0.355 0.004 0.1742 0.1797 0.1689 0.2829 0.293 0.2727
0.400 0.005 0.1372 0.1419 0.1327 0.2228 0.2318 0.2142
0.450 0.005 0.1084 0.1118 0.1051 0.1761 0.1826 0.1697
0.500 0.005 0.08781 0.09037 | 0.08534 0.1426 0.1476 0.1378
0.560 0.006 0.07000 0.07215 | 0.06794 0.1137 0.1178 0.1097
0.630 0.006 0.05531 0.05687 | 0.05381 0.08982 0.09287 0.08688
0.710 0.007 0.04355 0.04481 | 0.04234 0.07072 0.07317 0.06836
0.750 0.008 0.03903 0.04022 | 0.03788 0.06338 0.06568 0.06116
0.800 0.008 0.03430 0.03530 | 0.03334 0.05570 0.05765 0.05383
0.850 0.069 0.03038 0.03131 0.02950 0.04934 0.05113 0.04762
0.900 0.009 0.02710 0.02789 | 0.02634 0.04401 0.04555 0.04253
0.950 0.010 0.02432 0.02506 | 0.02362 0.03950 0.04092 0.03813
1.000 0.010 0.02195 0.02259 | 0.02134 0.03565 0.03689 0.03445
1.060 0.011 0.01954 - - 0.03173 - -
1.120 0.011 0.01750 - - 0.02842 - -
1.180 0.012 0.01577 - - 0.02560 - -
1.250 0.013 0.01405 - - 0.02282 - -
1.320 0.013 0.01260 - - 0.02046 - -
1.400 0.014 0.01120 - - 0.01819 - -
1.500 0.015 0.009757 - - 0.01584 - -
1.600 0.016 0.008575 - - 0.01393 - -
1.700 0.017 0.007596 - - 0.01234 - -
1.800 0.018 0.006775 - - 0.01100 - -
1.900 0.019 0.006081 - - 0.009876 - -
2.000 0.020 0.005488 - - 0.008913 - -
2120 0.021 0.004884 - - 0.007932 - -
2.240 0.022 0.004375 - - 0.007105 - -
2.360 0.024 0.003941 - - 0.006401 - -
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a-we fRaerr sae ar faer i aféw (Wire-feed control
arrangements or setting pitch) : A% # aEw (FW) W
13T #3a gu A & 9T feed &1 GAEINSE FEAT &A1 21
T % FATAS F 36 TH A1 9171 & & aw T af 0% gax
F FUT 9 AR T & 99 I qTelt & 9 A=A &t |

A FAEA B ARATAS ATZST & Td, T A & oI T =R
H gaey qiEfeT &t 9 & SEd staweT g et & fiw
s 7 & | 7 % fewmda o fefe #ea gy, sfua fmw)
gl STYATA &7 T F¢h, AT It TH H AT & B Fegier
 gEEoE fFar Smar €1 Fig 131 2 § e qdo sie
fim @ &t e e T 2|

Fig 1
REEL / SPOOL CARRIER

COIL LENGTH/COIL
WIDTH SETTING

WIRE FEED

ELN2711321

FRICTION TYPE COIL WINDING MACHINE

Fig 3
LATCHES

9

p

LJ L
]

%)

LN2711323

)

#ga (Mandrel) : S aref aefia & @y, &fes a0 & *3
THR % Aegd B ATqfer & et © | A feft s & 7 Sueer
TE FF T &Y, AT I ATIH ATHE T AT B 9919 % forg
AHET HT ITAN 6T AT & | gt FfaT H A[GAT & THSH
H 7eg #¥d € | Fig 4 ® At &1 f3@mar 747 € 9 Fig 5 § aset
& =A% Ht fa@mr & &

Fig 4

MANDREL
GRUB SCREW
(=

ELN2711324

Fig 2
REEL/SPOOL CARRIER

WIRE FEED
CONTROL
ARRANGEMENT

(A) COILLENGTH /
COIL WIDTH
SETTING

ELN2711322

GEAR TYPE COIL WINDING MACHINE

FUTA! 1 TS FY AfET A1 W= =erE F AW (Coil length
setting or layer width setting): T fe=ITE &t 7 TS HI
TETE B FUSTord A & oIy AT qifeaa A ATARF g |
Foead & forg, wefia & giawaad (transverse) Jeit T=ael §
T & forg e #F faudia w3 & forw @t Rt (Laches) @
STt & ot 3fea fag 7 Fig 3 # fewmdr srgam ehmg e 2

¥ I FAEET 30 THE GC & ATl & &6 @ it /Fosett &
T TS § AT FUSTOr &1 STt € At A% SIS & et & areY
T ST HE | TF FUSAT B ATEAAF AT FIA & T4, 36 THR
#r &few s # F forg & St 99w & fore smavas e 2|

LARGE HOLE TO
ACCOMODATE THE
SERRATED CENTRE

ELN2711325

TeEl we aew (Reel spool carrier) : fagoa: ad® a &
fore 7= gfafeaa famr smar € @& ar 9% &7 & 9« 9%, @9%
AT | &g EH1ae T AT, 39 forg 3a% Bt 9= - de-
(reeling) e TS STAT & | & Zrarem™ Fig 19 2 ® gorieft 78
gl

AW ARteE® (Wire guides) : et & amsf<ar ax #it, ar =
# & gafoy e smar @ & are, g aur atfaw & &= It
A § & | a mEE (Wire guides) #F Figs 13 2 & f3@mar
T E

s fawmr ® Suersr argfRa Wi & @R
R foaeor & fog fomiar & oo #3999 s
HIITEF &/ IS A |
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ot (Electrical)
gawnEa (Electrician) - s=wriw

v 2.7.114 | gty R=ia

A9 & FEwrR &1 A et (General maintenance of three-phase transformers)

IqAV : 3 U & A A oA faforfaa wRF w A e

o A9 ST TIAGTHT FT ATATAFHAT U ATH HT HATRAT
o TEEHT F AG HaiE FER B AT T

o UF FEEHY A fFT 9 O (FAT-89T) ARET F AT FAT

TG @ 7T Y ragawar (Necessity of maintenance)

T qTaY ZIHTHY UAT AT AT dal rafer a= foqr fFeft @t
& 9] FATCTY SHHT THI T T SATH TEAT GF AT HEAT T
g Y H T UF HAAT STHLO AT 2|

TF FoI A & A I AR G0 § T LHAA JTHI 6
ATg Tt & AT foT @=TeY & A Y weHAa # Fwd o et
& T @9 & "aas (Hafia st 2T i stet s & R
FH 2

T % FRO (Causes of breakdown) ATHTRIA: ZE®EHY
& GTEr 1 FRO (A avE § aftga o awd 2|

i EE s ar =

i A qE § ST AT ITANT HIAT

i &THaAT & e AT ST

v I BT %eAT v o gt

vV I TE AT FHeAT AT ATarEsy § A et
Vi T g & W 7|

AYHA # 9= I2W (Principal object of maintenance)
SR T AT T TOF I3 I 3G i (= e q
FATY TEAT & AHY A agd Afew THY a7 SRSt & & &
T AT § GLEAT T T FROT & AT S0 8H g7 Aol &
AT & TG qh Al SAH TG Fl =t (At g @ qHhA
gl

TEBEY & A & § qEEF AT Aifas T9ET F
FRO AT TR GO FATCrel Al 8 dgeee e &
IEEE TAET T Tl & TIAT A 9ad Ted d qrae
sTRfeT TwR=R & 75°C € 10°C a% ag odr & s

FHEEH T AT "E AT 2|

THEHT F AT & Tl FI9 a@ % (FACTORS
AFFECTING THE LIFE OF TRANSFORMERS)

1 = #1 99T (Effect of moisture)

TABTHT def BaT & THT &7 AGAT & THT & THE & BT
AR ol 1 STEA T & HH ST ST & FATTY 7T Y Tehet
& forT STTa9as FaW ST TSR & TAT & T/F o 3t Ja97 el
& 3% a1 T/F % amed) a1 # God ¥ Se & 1% Hedr &
AT AT & FROT &R AT AT TfATHRAT FrA T THeAT
gl

2 i #1 wwTa (Effect of oxygen)

A ® 4T & HT T/F & i3 SATai o SUered Bial & Sl $get9r
AT #Y &TAT FF TATCAT FIAT & FFAS % faered & HE0
A # THANIAE URT I ATt & A oS § UF T2 & & H
33 ATt @ 7 faa forar w=a a9 F AU gTE A A FHLAT
& AT qA H IS ATAT & TAT FAEA H HIT H THAT TGAAT &

3 3w sggfeat &1 wwa (Effect of solid impurities)

AT ® ITTeT GoH AYFE FUT F FIT A FT STEAFE LA FH
& ST @ 26 oIy i T SU9hT & % Suid 9T a6
IR A &l BieeY FHLAT AR

4 anfim #1 waa (Effect of varnishes)

TS AT FO7 TAEEL q & a1 FHeATH ATRASTES & &
FRO AR § FB Fafar qerf S| &2 371 & a9 A
FTet T 37 A SIS HT AT § AT AMRT T &7 BT T
framE= F¥ 91 FEEd H g A9 |
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5 aEflw & dier g #1 awia (Effect of slackness of
windings)

T/F % &I &7 UF HILU FA1EA HT ST BT Wl & I Fa18eA
F TF HUY UF SSAT ATAT & 7T AIST SATAT & AT F15e 7 gATT
ged & ot Fera¥ &7 a1 © UF Sier a1 W wre afde safags
A AWH TATAT FT HILI aF qoel © ZIEHHL & HIX AT
IR F IS THT FAT ST AM(RY Jg AT §99 € 79 a9
WA TS & FT v

wewa fafr (MAINTENANCE PROCEDURE)
1 gttt (Safety precautions)

i T/F & FE T FE IE A G Ted 39 qE AT &
ATEHTAS HLAT IHE THTAAT T S HLAT ATTHAF & |

i % & G d TS NS oG Bl Al HEAT AR

i #g Y ST FE TEEEY AT w1 F I Al
FLAT A1RT |

2 dfie¥ (Breather)
ATHTAT: &7 TH1C & ST a1 & S o g |

a) #ifersr oot s (Silicagel breather)

b) d@r & wwr gar ffersstar fagw (Ol filled silicagel
breather)

a) Hiferwr s few (Silica gel breather)

Hiforsr &1 St foreree A dre & a1g g & i 8t Sar
A St § THT A & 18 I8 AT fiw ffww eomar &

AT I/ M & et e & AT HLAT ATRY AT g AT
TRl

b) a= w1 #Hiferwr S = (Oil filled silicagel breather)

AEA W H ATIA L&A1 & AT Y & T AT ST &
HiforT o T & TAT B At I HIASHT A A& F a8
AT =R |

N FAFA (External connections) : @Y aHAe Fraee
2Ee g AT Al J7 FTar ar FHT1E f{Ear & av s
Gy |TF HYAT AMRT TAT THALT GIX & FHSMET ARY 3%
T & FAFRE Fd GHT T & TF ITd o A7 91y |

wd FAFmE (Earth connections) : @ sref &wsor &7
FEY TEIETE FIAT ATMRY TF STl T FIL T 1o 9 FaT
AT TEAEHY &6 § T FIRY ATl ATEATT fasTelt % a9
STTAETHT &t 37 BTee & T97 7 % | TS qleesT dArgefa1 &T/F
3T e @Far 2 |

AT (Bushings) : ST & &T% X 4T I6H %% U T §T
g & ST FwAT =R AfaRw afir =@ & e 3k
TEEMET T ATec FIRATA B I Al FIAT ATRY q9T 37
ST 9% e & 9 =er AT ARy

1000 KVA @ & ZE®HT &7 A8 S (2T 4T 8 ad 1
o7 2 F |

¥ 1
1000 KVA & 9 F&aTaTel SFEHY & TavETd &1 Agaet

F H.| AtE qwEEd | 9 am e ame s (Rafe)fsg e A 1Y g
Y g & e

1 et § e (Tafie) faw T fer & ergEw g ¥ srgE e w

2 et § areest -do- - do -

3 afr® e & T TIAY IR 6T & & AR AT e #Hiforswr da fiF T 7
fafereT et 1 Faw off F@mT g AT 8 At 39 fRe & dAR
=Ry R ER

4 CNEED ZTHRHY &7 ST dqa | T/F % 86 odae a0 At R ATEA Aqe HH AT & ar

et A AT F |

5 ELIIEED EIRL Yo STHA UF % S &1 G FY | G6IE F AT 98 &

6 T: ATR® forT #ie dee g Faw F A= Tl e F qtw & | T F: =T F ud A A
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F A | S AEEER | ST Y S At e s (Rute)fSg e AW 1R g
T U F faawer
7 ENEED TR FT ATEA AT FY STEei{Fes &F A a9r =P AT &P [T & ITIT FY
uftfes srorar faafur ared
SR HT A FE
8 arfis ERIE FAFT AT e H AT FY o IREw g AT B At A
FAET FY |
9 1 a9 Rt U7 affe &1 s | Rer vd somd affe &t g & | T & G # adr [
circuits etc. T AT F 3@ R A qATIA FTEAC F 98 & | ATTRFATIATL
T RS & AT afeéTr @@t |
10 2ay A FASAET qafE Ja F SATEA A ATAIFATIATE Bleed FT
STETHY
1 3ad AT WO & FIT TF FATZA F (AHATL AT TE & ARA & qHIE HY
qut SitT FY |
9w 2

AR AT TIEETHT &THAT 1000 KVA q4T SHE AT

* °. | Jta wwEEw | 9 R S e awe s (Rafe)feg Tt a3 w (I &
TR IS TN FIH
1 | wer s HTIF AL T 3g & STIHTT THT % wHT qen arelt @t o
# qEMT =AY
2 | HerH AR AFA TIREYT | TEREL A A FE AT q8d A & AT g ) qid
T ¢ | THBRY §g FY U ITHT AT Y
3 | Her# AE FIT dlees fau T AR sgER ST W T 9 % gAY T[Ae FX
4 HEED T/F & =Im3a daet T/F % 3 ofael W% & AJATT | WX dadl &7 gIT & ar forol
EICiCay F AT FE |
5 | 3= g &7 s Fe & forbet At FE b & A I8 RIFw F
A UF FA< AT
& T T ot
6 | 3= Rfors smwm EERESCIC] Y IAH I AT TN g8 &
ar a3 &
7 HEED feeTggor Sifsmr &4T ®T AW qT% ST 91T fafersr st @ve g1 W aed
farforar st &1 Foe 3@ TF ATEA Aq FH § A WL F
ATEA FT | EA F A9 39
8 | wifa= EARL IR BT Al S &Y F HEE F AT IqA &
et @t e T |
9 | wifa= TEEHT | aeT TTEAfFeE B FT AT F AT Y FATROrEY A A 2
AAYIF FIH IS
10 | Fwifa= FAT %, aFRIA AR FT foehf, T S AT WL Y AT & 98 &
HqTET TF ATIL(ET T AT Hgiel T

LT a1 S Y
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F. " | A ARIEE | A S ae e s (Rate)fsg Tt R W w (A E
W) IS T FEH
11 | = s Oil FaT FaTE A AT qrT 3T MY FR AFER AT FY
12 | 1adt OLTC Oil BDV (STgaifgs &) ATl T G AT T8 &
A TH (PPM) F1ee ATTHIFATIATY
13 | 134 FHles T F F(AF AT R AT & UF qHTE gaH
g Al T FEart # |
14 | 1ad Oil giasr & ufafew ar aEa=Ew &9 &t fheex X AT FEA § |
ST FW |
15 | 1a¥ A =T g AT & AT HY fiheeT #Y a7 97 §
16 | 1ad HHfHe Ud wTEe bt A $ahe FX e Taer WY oot € ar
17 [ 1ad EECEICT S TET STHAT & ST Y o &t diee F F9 §
BT B LA AT TR FE |
T FETSS & AT F
18 | 1ad AT AT T W gy et U g¢ gy A AT F AT 987 &
/2T ffretor FeAT
19 | 139 fRet, st 3% aRwr | sram @i Ra @ StF &% SAFA[TCH F AT F FieFe
TR 7t F Fidae ud "L FA- AT S F qqA 3 AT
SO Y ST Y g a9 afdr a5 &
20 | 1ad Fgae ufaey TTALT UF Al afET & afe stravas &t at Ifua wikar
IR (TR FTT) A ST FX
21 | 1ad Aifews 71 TEEEY ST GFRET T AT & d9 Itad Tfhear &
Afew® a & AT B gefera afér o |
2 | 13§ a7} wfaere 3rf | dATS afe o wfaty =% &f a9
EwF® ThAT IOF FY
23 | 2&f AT ATTH AT Sra F AT AT A T QA: ST o ATaAF
EIMEUIIREIE] OTI/WTI &t gemae &Y 7fiee/CT & fog
24 | 5&% 1000-3000KVA FIT TF FAA & a8 I AT F B & TTE FL
fReTerT st fAeTor e
25 | 7-10a9 3000KVA & FuT FIT AR FAAA B AT I AT & ATS & ATE FY
AT e qur FEAr
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I &t (Project Work)

IR @ T UG & A | o Fwaforfead w1 FA AT 2

o qRASAT FE B AIRWING FLT
o GREASAAT F F T2 FT A0 HLAT
o qRAITAT HTH | TR FALON HT FOIT HIAT |

=T ™ (Project work)

7 Tfafafyr &1 uF g &, 9 Gy | Agarew, arer, et
ft auer &1 A fAerear e a1 st #Ar, S99
o F fawE g € | 3% A, awe dR Aged #w
qrford MY T & § JHEE gt g |

afRaieT 1 #1329 (Purpose of project work) : TRaSHT
T T I A & & #ig o afee g TR

gfResET @1 A 3R A § & i o ar stfees g
=R |

o aTeEr Afafafyr SR aFE & qEET F 8 gaar AT (AT |

o feu wu a7 wfafafer wg e & awe w3 |

o IET Y AYHA & @ Bl HH HIAT T IcATEhdAT i
T |

o WHfa® Aar B LA @ |

o Il & ANAEA Al G TAT FoAT AL AT TF AT
HRT &1 ITANT FIAT |

« IR | ITALT 7 S ATl 7% AF(AF FT ITANT HAT |

o WIAT A A Sfraw & arelt @awr & @9y # qargee
FIAT |

et 1 § fafee =wor (Steps involved in project

works)

o I & fAfTad FT |

adteror ud frarsar fAfeaa wear |
Fwa e |
SATARHAT H AT FLAT |
HET ATGHT HT A FIAT |
R MESATE & |
o H fewer v |
F & freiRa w2 |
qRATSAT & I FAT |
e fepTermT wE ST ST |
UTEIEHH & ATHTR Tiotae w1 Hit Tiegst # @ § ater A

Tt 2 (List of projector works may be assigned to
the group of trainees as per syallabus)

1 faga ST F =a¥ de & LT FAT |

T AT AT ATEE ol H @ [ FwAr |

Rt #T ITAT & R AR TMEX FAGY AF HT TAT |
T AT/ EEae |

g e & Ay asEd g |

a W N
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