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1. Small power transformers: 500 kVA to 7500 kVA

2. Medium power transformers: 7500 kVA to 100 MVA

3. Large power transformers: 100 MVA and above.
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Jlaal) Lolas andy enaline Jlae alpn Liy aild e dlls (8 pa 23500 5l (sl of a))l8 s
Bac s Caves Jadae bzl Jlaall 138 ol (955 ¢ gole Gubaline Joa Lasy (63 pualinal)
sLel o g ¢ Apnadalineg oSl mllaas jels s ey« 2-1 JSal LS ¢ el all mials

Agliiag Aalie @il Gldle Lagd Gulaliadl
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Right Hand Rule

Thumb Points
in Direction of

b

Fingers Point
in D?recuon of

Magnetic Field

N Current-Carrying Wire
‘;_1)45.“ JL;M c._\;b.a.d\ G..ELU;LA\ d\;d\ : 2-1 dS.a

¢ Anaall Gublinal addd (e dile Jgeasd) daia) (0 4ild (668 obiline Jlas o Jgeanlly
Baaday — olaling Jlae dsabay dllis (& L) Ll o ooy — ARl ddiall (e Lkl 38 131
s aie Uity &5 ey ¢ turns clalll IS 8 asge Sl oladl (35S G ¢ culalall 8 Tasal) (puis
Jnall (b aany Lo 1y oSl o)l e (8 Jlaall (o (o581 wiballs g5 ¢ (558 oalies
Gl (8 (BY) Ol (o ulaline Jlae L (gaaad) QU g)3 Joa Coil ) iy Cus

Jsnall 8 (saaall Gl ‘;‘;JL,,:LM Jiwr 2 3-1 <) b LS suaal)

RO T S AT (X e G
R s R T
— ® s

o ¥ N

N

%
i

N
ol

S
.1_:";'; x
2%

W

iy

ST
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MM Faruboliak) aanlall §4al) 3-1-1

D gy vt 28 aliaal Jlaall 13 Jae oSa3 ey oyl s2e cld ay elalall g
Magneto dlaline dedls 558 Lamiud N asldd sae Cile (31 peS L5 e 13) 4 Lgia ¢ aeS

« Ampere—Turn 1L & giad Motive Force, mmf

MMF = N.|
A1 JSAD LS ganal) il 8 i) Tghad b ) o dadlal) SRl olag

e

T y

- A

r—-!-ll——--l—-lh-—-—-—-—

e B N N )/
! |

Cml] Ladlal) 5gall : 4-1 U<

I

Field Jlaall s0d culS WiS 8yuad (audll aghd MMF ) g adxs Al L ddleal) culS LIS,
Aslaall &lld e g ¢ ST Intensity, H

sadg « Field Strength, H _ohliaall Jlaall 138 828 dad (pn Al sy @alull il
M\&cmju&iﬁc L M}LJLMJ\)\AN Quﬂ‘wdm‘jﬁ)u\‘ |J1:\'ﬂ\

N.l = H.L
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sdoliak) Ylakly (panal) (oo 289414 4-1-1

1l « (Webber) I oui saag (il (@)  udalinall il

A A A A
Al Al A 4] Flux lines (@ ) GBS 6 (il Al A i Aale & il e
/ \f—"s.tea (m’) el (g0 a5 ( Tesla oud sangy i) B
B=2
A

1A s H Jlaal) 308 Aty B anel) 486S 4o avigig
B=uH

Wiad ¢ Uiy « Ll Ly yar Sl 5alall Permeability dadaliaall L3 Jolas 58 P Cus
Mo i elsgll 400 ¢ DA asalizall Jlaadl g 5al 8alal) dniles (aliad) e hige yin
o3 Jlial dase I Jost aaall gl Gmes L3 ety « 47 x107WD/AT. M (glusi \giad

el

Araslo\iak) g gk Anilak 5-1-1

e oSly alall g8 e Jatd Ll Cignig ¢ Reluctance Jb and Gl g 5al 5alal) dailes
ADlall ks ¢ | Lelghag ¢ A lgakaia dalioe

|
£=—
LA
b Aagliall aggie pe Alim Gl a9« Permeability diwbliaal L0 Jalas g8 P Cus

el ilgal)
an 148 (i gal) pe ailacl) 6-1-1
A Gadaliaal) dadlall seall o Uydie) 13) dusdalinally ZuygSl ileall (4l Tase paend (Sasg

O g Aasliall anis daileally ¢ Ll dndy il « EMF GuygSh) Zadlal) sall anis MMF
Jlae S 58 Clidladl fp 40lin Dlad cllia

mmf .

¢:—=N— Magnetic
¢ ¢
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Induced Voltage wdoliak cunlly (alil) sqal) 7-1-1

@ 3 N lalll sxe (e 410 <) Induced Voltage alizall Gaally 75Ul agall dad Caas

A (e (ke
E
N = k®mf
where
kis a constant,
g, is the maximum value of total flux in webers linking that turn and
f is the supply frequency in hertz.
coailly 33l ae Lyl Ganliiy ¢ 3l agall of e 12ay
(Ul agall a8 (5% sinusoidal induced Voltage ) dlls 4
2r fNabB ,eq
. = 2N Beek 4y enap
V2
a Core | ahaia Al
N clall) dae
f 235l
B calaall (il A3US Ao
G Lgias
E/N = 4.44B,Af x 107°
where

E/N = volts per turn, which is the same in both windings
B,= maximum value of flux density in the Core, tesla
A = net cross—sectional area of the Core, mm?

f = frequency of supply, Hz
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. ______________________________________________|

Example 32.1. The maximum flux density in the core of a 250/3000-volts, 50-Hz single-phase
transformer is 1.2 Wh/m~. Ifthe e.m.f. per turn is 8 volt, defermine

(1) primary and secondary furns (ii) area of the core.
(Electrical Engg.-I. Nagpur Univ. 1991)

Solution. (7) E; = N;xemf induced'tum
N, = 250/8=32; N, = 3000/8 = 375
(i) Wemay use Ey = -444fN,B 4

3000 = 444%50%375%1.2x4; A=003m".

Aslad) Lyl ao)g o Jald Jlia

« FExample-1 In the magnetic circuit detailed in Figure 21.14 with all dimensions in mm
calculate the required current to be passed in the coil having 200 turns in order to establish a flux
of 1.28 mWb in the air gap. Neglect fringing effect and leakage flux. The B-H curve of the
material is given in Figure 21.15. Permeability of air may be taken as, sp=47= 10" Hm

Solution:

Step 1 First draw the simplified diagram of the given magnetic circuit along with the equivali
circuit as shown n figure 21.16.

Step 2 To caleulate mean lengilis of various parts, mark the center points of various linbs a
yokes with small bullets.

Step 3 Name the different portions which will canry same flux as 1. 2 and 3. For example, |
path CFED 1s in fact path 1 where flux ¢ will remain same. Simlarly the path DC (p
2) will carry same flux ¢y and path CBAD (path 3) will carry same flux ¢,

Step 4 Caleulation of mmf required for the path 2:

—_—

|‘_“ 200 -_____,|4____ 200 ‘_’{

Figure 21.14: For Q) B1.
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dpgsl o) csaa B aasal)

fe=

Cross sectional area of central limb A2

Flux density B =5z

24
2.0 S
0 ]
L
1.6 7
= 4
= 7
= 1.2
2 L
- i
0.8
Fi
0.4 vi
Wi
0
1000 2000 3000
H{ATm) ——>
Figure 21.15: For Q) B1.
170 mm ‘ . 170 mm |
Ao L oE |
T T
- U e i i -_\: I Hl ]2 E L_
] i + =
' N : ; 440 mm:> +T 11’1 =Hh
o Db =200 ; = |
» | : ! = H:l: +
I E E E h! Ha_l&,."'% —_—
i ‘ ; l $: t
Be---------- ¢ ¢F | ——

Figure 21.16: Circuit showing mean lengths.

1.28 % 107
16 = 104 m°

1.28x10° -
16=10

08T

0.8

Faxio7 M T/m
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I
63.66 = 10° AT/m

mmf required for gap Hyl; = 63.66x 10°x 1% 10 AT
63.66 AT

Now we mmst calculate the mmf required in the iron portion of the cenfral limb as follows:

flux density. B, = (8T -~ fringing & leakage neglected
corresponding H from graph. ;. = 500 AT /m
Mean iron length /; = (440-0.1) mm
= 04#m
mmf required for iron portion, Hhl; = 220AT
Total mmf required for iron & air gap, = (220+63.66) AT

mmfro = 283.66 AT.

Step 5 Dwue to parallel connecfion, mmf acting across path 1 is same as mmf acting across path 2.
Our mntention here. will be to caleulate ¢ in path 1.

mean length of the path, T = e+ ler+irc
= 2= 170+ 440 mm
= 078m
283.66
“Ho= gIm
= 36367AT/m
corresponding flux density from graph, 51 = 03971
~flux. h = Bid
= 030x24x 107" Wb
~d = 094x10° Wb

Step & In this step we calculate the mmf necessary to drive ¢s in path 3 as follows.
fluxinpath3. ¢ = i+ b
= 222x10° Wb

flux density, B: = %

222x107
24x10
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I

B = 0925T
corresponding H from graph. /5 =  562.5AT /m
mean length of path 3.5 = 2x170+440mm
= 078m
fotal mmf required forpath3 = il
=  5625=078AT
= 4387AT
. mmf to be supplied by the coil, N\T = 283.60+438.7 AT
or 2000 = T2236AT
-, exciting current needed. J = % A
= 361A

Gdgall Jodd meskall ok 2-1

kel 8 AC 23530 LS )5 e dixd ¢ Apulalines Sl (528 Glsh o At Cgaall oo 358
OsilE) Luailly Lany 1aayie (magnetic field) Luuhlias Yiae Gl Primary windingasl x|
(JsY) gabld

Aa A clindl) oda cuilS elgw LSl cilindll A<m ga Jlaall s sgdi & cuully
oSl lal) 6 bl A da @il ) ¢ il Gudalinall 8 LS LAl Joa cilip 7S
bl Jlad) of Jois of (Sa Jsa¥1 U g ¢ 51 ISl 8 el Gulabinall b LS
Bglae dapeS Clind A a e (8L L Ol 8
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Magnetic tleld
staying the some

stays the same

S LY s szl Jladd) slas : 5-1 U<

¢ Jonall (suanl) QAL 8paie 898 3 il Jaghad 50 ate Lity a3l pwlaliaal) Jlaally
LS laga i) clile 3 Lasy 5 ey ¢ (Secondary winding) I culile Jaghadl) sda alaiid
oo (S ndaliad) Jlaall o (6 - (Induction sl (538 S (3l (58l @l
ublinas <) Eaally o Lo 3k e (ol Cld) 8 aga a8 & oy S Caldl
Glin il ey (8 il pudalizall Jlaall iy Sus ¢ (electro-magnetic  induction)

ASpaie duygS Clind V) Gl e Sl of S5 6-1 JKal b LS (el Cala B

agnetic fleld

sagnetic tleld ' .
changing.

Voltage induced
in secondary

*imary voltage
changling

Gl L Taga Lan yuadl Jaddl 0 6-1 K&

29

vvvvvv‘drgilany,com



N gaall dalall sl @ J5Y) Juadl) Lagsl) g8l Cgaa b aasal
¢ Jonk) dlawlgs DC sgn ymsd o} {A)QSA;A.E 1-2-1

o i) e Jlae Ll €13 dadh (ool Calall & jelay aga cllia o 71 JSal) 8 BaaY
- ks (ol (il Calal) 8 agall (sSad (mdll dad cnd 13 L o (ailin

Magnetic field
staying the sane

Magnetic field
staying the some

induced in

/ | f > 5% 4 4 Na Voltage
= IPrimary Woltige ¥ ] 4 ,

secondary

MCMBER: -

Voltag s only induce
the secondary coil
en the magnetic field

changing.

Laayiliy calil) & puiall Jlaall 1 7-1 <
ALyt Wl & Cadl sa 13ag) (SInY) Calall 8 aojie dga ) 2 bas Luld 138 dal (e
o Load ey . 81 UKl b LS gplll Cilall 3 4l e Juasil ( Sinusoidal wave
. DC Voltage J) g Jaleill mhoay Joaal) of 3 casd)

aall Jlad) : 8-1 J<s
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Transformer Action 1) s sqas 2-2-1

Al jslae JAT lile adad 13 sl 138 ¢ (aid die Lisy Cagud Cile (8 dajie ()6 Lo e die
El_Nl

E2 N2
s Aull J<al 8l JBe yekag . Transformer action Ju <oy Lo 545

Meter reads
200V
2000V
{rms)
"[ P + Charging
v magnetic fux
_______ caused by
3 VYT may ool
Primary ¢ell Secondary Coil "

1000 turns 100 turns '«
sAll) Bl B ) s e e (il (Sang
g N iyt by el eadl -1
OB Dy (e lip SN dljan =2
-electro-magnetism cllull Joa oonhline Jlae Ag cllu 8 yeSl) lall =3
ol 898 ey cile JKE e cllld) ol -4
celsell (e ST nanl) alsall 8 Alggan ya oeualinall (il =5
magnetic  cally alyy sgladll cliladl (8 laga Al 235l ubliad) Jladl -6

. Induction

e ouhaline Jlae a9 (A iy Jgadl =7

Joal! pid w0 ld dulimui] 3— 1

b oadsa adl (5 LoSS ) agane 4l o) LS Jomall (ot Juadl) 138 Ailgs Jing eiall 12 b
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B Aoy caush Lin o Lo o (S 135 ¢ %99-98 Usa zshm Llae c¥saal) LS o Lasas
: Jsaall gl Zalgl) CL s Lia 2 kineg + o)) (e
fgsaan ld Yo calalhy als Yalk 1-3-1

ligh ¢ (gl Culal) 8 Gl Jgiall sgall dad 6 Satd) gl yeaiall cad Gl sae
Agiall agall dad aiii G « Magnetic coupling cualall cp cashabizall Bl V) days Ll
P ok i e ¢ ST galadl g Coupling I oIS WS ¢aally sl

Laguams (3o ST dayay bl o)l 50l —1

celsell o Yy Lagin s B pungy 5l 2
OsSa Air—core Transformer siai of (Se dorall 8 ¢ bl el L) llee (S
e

anl) Olea 8 Aglall Signal J) abias (9-1 JKal & mdl) Gslil) Jlny Cile e

LJSal s 8 Oscilloscope cala sall

. Oscilloscope cilasall auly lea 8 Llandl Signal J) abiasy (4eaY)) goili Cile @
Silagall ausdy & maly g8 LS lan sa sill) G Algial) sgal) dad O iad) Sygeall 8 1Y
23] G Gl Bygeall b LS Gulaliae Guilall OIS 13 (S ¢ eloa Lagiung (el cpildd) oY
Sy gl 8 Al

(oSl agall dad o Laayslaty cpaldd) Jalan il 9 -1 U<

Cua ¢ 10-1 ) 4 WS ddass ey ( esdalinad) Clal) 3l ) A0l dagall o) (S
Dlse o calall IS 1) aselia) 528 (520 Jaadliy seill) Cale bkl e s ~luas Juag
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|
¢ el Bgeall b LS Lghn guas 8 dag 13 ¢ (Sl Bpeall (8 LS clsa Laging Basly
e ald sy el Qulall A Gall algiall agall 8305 Ao Ju laa ¢ zlaaal) ol dlajand

coalladl 8 daluadly calall

LLLHEREE: “ VAT
| ) J
=2
=

2 ladl 50 dayn e guildd) ol ik 10-1 J<a
¢ No-load condition 1} alla § cuany Y3\e 2-3-1

Cldl (& Ny Sldlll e 2se (o ging (1-P) gl e dasn Joadd z3sa 111 Jal)
Jaall 4 No—load 1) allay auasll 138 o Liad (3llasy . (gsilill Calall 3 Ny aacy SIY)

I
h-jﬂ - i = —-——(‘1"_-(1—!
AT o,
WO e M Mg lea Vo Rz,
o 1 , ]
T S S S
Primary | Secondary
Winding 1 ] Winding 2
-

eadgal Jyaal Ansd) 28K 55020 2 111 J<a

Go G fp e B Gl ¢ (Sm) JeY) calalls (V) (S juad) s Juag vie
o peal) Ll 1y ¢ ((daaie ey msihe sl culall (& dasll o SE ) aad)
Lawl Sy Caldl excite slul asi il oY daestl) 028 ciels S8, ¢ (excitation current)
onadl) Abane QR (3 e o (spilil) (AT G L (il 138) @) aalisall (il

(111 i Dy o e e Al
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Jal&ll i) )l (loss L_gi 2saglgr o e ¥ All) ideal transformer duadgaill ¥saall iy
@) culall 8 dgasall Calall adady s ¢ @l of Uis cidny of g0 gaaad) Q) 8 e
(sl Lgiad € Aol By Aadls 58 4 Lk
dg,
dt

ez =N2

¢ Back emf aiulal) aadlaly 5421} ale 3-3-1

g ¢ Calall o alS gamge jaad) g o sl Tova Dla A0 Calal) Gy 13L oS0
Db Gy S S e o Gragsaalld € as Bpia diaglie of (g Culas el V) il
¢ yiia
12 ¢ (gl ke alabiy (suaall QUL ey 4 USS (53 By clalinall adl) o lsally
C(V ovad) dga oo caline 12a) € Taga 4 Lasg A0V lile UySS WS Lyl adady (iadl
Glalall 2o xe il diad
e =N, 9
dt
sl @l ‘;J..aﬁf\ gl dad (golud AlSH dad g
V, = E;
or
V~e
W) 50l e ) Vi Haaall LY sgall (Sl induction Jb (sl @) sgall g
s b V) golaw ¥ Sy caladl e agasall gw Applied voltage as & g
Bia Aol caldl 4 a0 Jll excitation current dad (oS5 &5 (e (Vi€
back emf ey 43ld 1S3 LSV jaaall oY) agall (Sl @) danlly 8 sgall of Lasg
ASall 2uyeSH dadlall 558l 51 Counter e.m.f ey Ulals

digyeall s2clill ) Jemi o) oK omled) Glalaad) (e
e, Ny

—_—=—=a

e, N,
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induced 1l s dexdiall Voltages ) o)ld dassca dalidl daleddl o6<s S3asl Jaa (S
. V2 E) Vl L’u.._\jj 4 62 E) el LST 4 VOltageS

¢ @oilll) § nan Yoo daliohy SVt Gl yasn i€ 4-3-1

Al 8 ¢ Joaall (gl ulal) 8 ((De daglae ) Adding a load y¢S des Juag xe
) sl Jonall Cale (g Jaall 3 s l) LS jepe (A iy gl cuilad) b agasdll €
Loy 1) aoall Ll 13 ((Laaé ideal Tr. J c¥padl dla a cllig V) = @) agall (35S Lyl
ek ) Iy« magnetization s olisl 3 (mll Lklas @) Tas Lishalize Lad AV s
Gl iy o5 ey (ol A el Aglae Ll Jolay caally 80l Slall i 53 sac

s Resultant flux Jasall

¢m :¢1_¢2
o el oy T1-1 JSAD 3 el 13y ¢ Jeills cpildl) oy 530 el sl s
Gas D e dadill b JE LS LS a5 ¢ @) Gy Py sa Ny adais (53 il sl (V)
Vim) o s 138y ¢ ALl daill (e B 4iad o €1 5o Np 8 Caalls ( 8U) gl g6 &
LYY (B lall o)y (el Lall o)) LS 1S 1) Lol dad adif o (hag ¢ Lgiad adijis (€
Csnall Ll ga Jadd s (M) Lailg ¢y o 1)« magnetization 11 Lo dad o JaaY
1 rad)

¢ dundgail) i gnk) Core Jabs yaial) s ass §6 5-3-1

J<all) oY) Al . 12-1 J<al b adadal) sl adde glas o (Ka Jlgedl 138
A ,lo L aadl e caman 4lh S Geg ¢ Jea b diaie e Jeadl o g (Lan)
B O Ayl Gl ) el ASI magnetization

s Lo Liad Loy |y s ope 8 = 0al) JS8I 3 LS = (gl 3 Jas pung ey
LSl (& 5aaY) Gl agayal) Gl sag 3 Bacls
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@2
........ ._Elg_ _._._.'.'.'..:‘_-.__‘9.'.'.'._.'.'

T

= " H —

oililly Sy & el dag B a2 12-1 U<
0B Gy aiaall e gl LN M58 V) e JB WSS LS e ) daag daadl il
Gad¥) Il 8 LS i) sl L Ly L) aaad) lal) g ¢ Jasll (8 e 63 L)
s ¢ Auglng yaa) Gl (e 5ed 135 opitia (uSlay 4ld i BaclE Cang . 13- JS8N 3
J Jr Qi) b il a2l g Y (L)) Jesd) Bal o A dsledl) dsgall Llay 3@ o3
Agiaal) c¥saall (A DLl gl Calidang ((1deal dl sl A 13) A0 aied

"k
i
-

UV Od

ad : . Load

O

| —

L =) E
(= |:-,

. Lo

IDEAL TR. (o gubmid| Joal! it e 4-1
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=
©
4n
—T0000,—
An
S

IsXVs Jynal (e dalall 5380 (g5l Vpxlp Jynall Aalall 508 of oY) dand) —1
-'Pincx:rming - IP'I;;; — Poutgoing — ISI’;,

. llao Losses aag ¥ adl slime elld (¢ ae ys s ye skl lag

aag Y o4l e 1dag « BEg = Vg «Ep = Vp o Ideal 1) Jgaall & 4l dandly -2
coaily ey Aae ye Load 1aag ¢ Lilgs Voltage drop

A< akaz Primary 1) e Loy @il gl o Ideal J Joaal) 130 3 Z20ED daudly =3
aied o WS ¢ lae e Load 138y FIUX I e 58 (o) aie cniiy o (50 ool cilila
Ll gall 4l WS Jaal) dad e caign Y b

a9 ¢ Vp aad) aga o 4l (gl Turns ratio ) muss Ideal ) Joadl 45 -4
Induced voltages I a ¢y (3585 dapaall dpsill (Y ¢ maaia e Va5 Vg Jaal
. Epand Eg cuiladl 3

- A Jemdl) b Laas Sl Joadl) Jia die lie¥) b ek by s 5eaY) o2 (S

Example 32.4. 4 25-kVA transformer has 500 turns on the primary and 50 tuirns on the second-
ary winding. The primary is connected to 3000-¥, 50-Hz supply. Find the full-load primary and
secondary curvents, the secondary e.m.f. and the maximum flux in the core. Neglect leakage drops

and no-load primary current. (Elect. & Electronic Engg.. Madras Univ. 1985)
Solufion. K = N,/N,=50/500=1/10
Now, full-load I, = 25,000/3000=8.33A. FL.I,=[,/K=10X833=83.3A

e.m.f. per turn on primary side = 3000/500=6V
secondarye.m.f. = 6X50=2300V (or E, =KE, =3000 x 1/10 =300 ¥)
Also. E, = 444fN,® :3000=4.44%X 50X 500X ® .. & =27mWb
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i el el | St

Modeling Real Transformers

Jonall 3:L€ s Jie (Real performance ) c¥pmall ledll oaY) cililuny dud Tl
real Jids Jid ) zUss Wl o clld ey Regulation agall alaml clilusg Efficiency
Ideal . Il & Jlall sa LS Luyds DA (ualy ¢ Juadiill daaBlgl) Cagylall ad el Jysallmodel

i o g aai Gilud) 3all L eladl Bac LSS (sillg ¢ oY) a sliersind (3 Transformer

Jonall &la 5313 Jae wie jlie¥) 3 385 of Gy sel oy ¢ Bl Dlia Jeadll

Y Al aal (s mlla Cua ¢ QLI e Juadll 138 gsnse 525 <Equivalent Circuit

. 28y e ldeal Transformer Jssall Golull Jiall culas Al

ot b | 0 Qi : i S Sl J 93 i 1-2

Legiad Ciigti Ry ¢ Ry d1yeS daglie aSTIL Legd primary & secondary Il culile f lay

P il Jalay Loss agasl daylall 508l (e T 59 pually e Alalall syall of ~1

Jals Gaall ;5L agall 5y palls (gl ¥ Terminal voltage alyly) e sgall of =2
(1T X) Ll ggban (sillg 2gall 8 dasagl) Caw Induced voltage culalal)

vV, # E, , V, # E,

il | | i s Sl | e gl 2-2
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Example 32.9. (a) 4 2,200/200-V transformer draws a no-load primary current of 0.6 A and
absorbs 400 watts. Find the magnetising and iron loss currents.
(b) A 2,200/250-V transformer takes 0.5 A at a p.f- of 0.3 on open circuit. Find magnetising
and working components of no-load primary current.

Solution. (a) Iron-loss current
_ no-load input in watts 400

i = =0.182 A
primary voltage 2.200

Now 102 = Iw2+]y

J(0.6° —0.182)* = 0.572 A

2

Magnetising component I,

Lk i

E\y
E;\r

)

P
Il

05A.cos9y=03 .. I, =1,cos0,=0.5x03=0.15A

I = 05> -0.15 =0476 A

i S| 8y | Eamnie 4-7

a3 JIB Y B3 eda (8 &S Bl (A (pasase (geililly (SN dgiles Jeaall (& Ll
da Greay 1385 ¢l JSaN 8 WS piliadia Gpila b Ll dad aagi of s Y ¢ Bk
Al

o8 . Baaly 40 ygS 5y (pa AigSag Ahaie LIS Bl oal Aa cpilall e paldnl)l a5
Liy ¢ AV dgal) pe Ll deall Jasing ¢ dga 0o Wyl Haadd) deaiy saslgl) 350
L) Jiill (alsin Lalall ailll (i saaal) A8 5ol axd of casag ¢ e g9l
Ofieall e gyl o sgall maar o) G adde Bpean cpilal) (e aldn Sy L Jonall
Calall 2SI adlal 5gall Asslise (g3} Calal) 8 Ayl Ladlal 5l racd () mas ¢ Lislasia
Y & ey ¢ SVl il die (gylatia agall S ) ol uilell olal) M (Sad ¢ )
el alsall Ay e il Gy
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Y saall LISl 514 e Jald Jlia

A 15-kVA, 2400:240-V, 60 Hz transformer has the following equivalent circuit
parameters:

R, = 2.5Q R, =0.0250 X, =7Q

X, =0.07Q R.=32kQ X =115k

If the ftransformer is supplying a 10-kW. 0.8 PF lagging load at rated voltage,
assuming the output voltage is the reference, draw the transformer’s exact equivalent
circuit referred to the primary (H.V) side and use it to calculate:

1. The input current
2. The input voltage
3. The mput power factor

Solution
I, S -
—_— Rl }‘x_l — ,2‘ Rz }xz
* o M Y Y\ ~ —MNA— Y g0 4+
- - M
{ ch Xut E - Vv
ull . 0 -

1. The input current
L=l+1
Pload _ 10 = 103

IL'| = VT pr - 2800708 - 5.2 Amp

L' = |L'|2(=cos™(p.f) = 5.2 — cos™(0.8) = 5.22 — 36.87 Amp
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e
o RC//XT”

E, =V, + L' (R, +jX,)
= 240040 +5.22 — 36.87(102 +(0.025 +J,f10’2 * 0.{]7)
=2432.4.,0.5 volt

Re* X _ 32+10%+ 115+ 103

Rel I =g X, ~32+109 + ji15 - 108~ [08247023 KD

_ 24324205

I

o = 1082227023 _ 044474 —69.73 Amp

I; =0.22474 — 69.73 + 5.2£ — 36.87 = 5.44 — 38.16 Amp

2. The input voltage
Vy =E +L(R, +jX,")
= 24324405+ 5.42 —38.16 (2.5 +j7)

= 2466.6£0.99 volt

3. The input power factor

pfinp = 605(41’71 - 41—1)
= c0s(0.99 + 38.16)

= 0.775

=8 I magnetic circuit ) & sl dfiad) 5000 Jai dgl 550aS Jaweill (e u3al (Sag
lee Cilaglaall pan Jgousns 138 (f WS ¢ Unsws iy gl dad 5 slilaal ) yuil) G ¢ 5l
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%X dad ol LS 4 aslealld ¢ S.C ) Gloen 3 lldg X% Gl I age JAT alaia) elliag
bl 81 ¢ Jonall (0 AV uilal) é 233l Short Circuit Capacity dad i LS Jgaall
S5 LS agall b Lassgl) e o L)l 85 ally sinans Biaall 020

ol dglas 2ga J3 X% () dus « Short circuit test 1) Jae aie ¢llyy Gl alasial Ll
Jsnall ‘_,,_dA N e adala Cdllaall agall a9 ¢ percentage impedance voltage -
¢ AV Gl e short sl 8yils aamg o levie cpald) S 8 Rated ciaall lall ey
percentage J lgwdi & 4wl sdag ¢ il agall e Lgiall dpadllh dde e 2gal) 1aag
Lad (e %3 ) g las el ey 13g8 %3 Dl (g5l giad cuilS 5l « impedance voltage
.Rated current yisal)l jlill 448 <l Short circuit test 8 Jagé yiadll agall

Example: Determine the interrupting capacity, in amperes, of
a circuit breaker or fuse required for a 75 KVA, three phase
transformer, with a primary of 480 volts delta and secondary
of 208Y/120 volts. The transformer impedance (Z) = 5%. If the
secondary is short circuited (faulted), the following capacities
are required:

Normal Full Load Current =

Volt Amps 75,000 VA
V'3 x Line Volts V3x480V
90 Amps
Maximum Short Circuit Line Current =
Full Load Amps = 90 Amps
5% 5%
1,800 Amps

The breaker or fuse would have a minimum interrupting rating
of 1,800 amps at 480 volts.

NOTE: The secondary voltage is not used in the calculation.
The reason is the primary circuit of the transformer is the only
winding being interrupted.
Lall) IEC ) cilialge (ge 3saldd) 0 Joanl) (e Jynall Z% A Ll Zad ddjea (Sasy
((Jsnad) laglas dngh e 8pilae 3358 33V
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Table 1 — Recognized minimum values of short-circuit impedance
for transformers with two separate windings

Short-circuit impedance at rated current

Rated power Minimum short-circuit impedance
kVA %
Upto 630

631 to 1250
1251 to 2 500
2501 to 6 300
6301 to 25000

25001 to 40000
40001 to 63000
63 001 to 100 000
Above 100 000

NN =0 0WNO oA
mnmooooooo

v
Y

Joalhl @l | il A f | (S Gl i 7'2

LSS (ol lilin sl Al die Gen Wiuh camy A L dalgll clilaall
I Ay die gouagall 138 daeal jeliig . lall dlalad) duyeSl clasall g (Ldlall [ cadlaall)
B Al (o Ll 13 e Loy il s e 06 Sl e Cum clpadl 8 S.C
A1) L 53l 2801 bl (5 ) el Lo dusi Jsadl) SSE 3 Capess 38
. Lgcans Jal

8 sale o ge Ao 8 4igkh 80al) 1-7-2

LS S st Liabiae Wiy (350 Jhage A Ll g0 of Losdalinag o<l & bl g
ails ¢ B 4l Ludaline Liag adady 5 ¢ | o 4y e deage 6l o Ll slabls il 8 5
Cus F )08 donnlalins 82l (ol

F I XB

e Gl Gl 5 i) Gl A3ES 4 Alsleall (3B U 8 Joaall dlls 8 4 JaaY
Lae gt ialy ¢ QB (8 a5 Jemsall 5 LY il (Y ¢ Jsmall i Core W e (53
e

Motor I 44<all &DLYL ddasipdl & B A (5,€) daidl) i clSpmad) dudys Al 8 L
AW (e e ¢ aS)at8 5 Hgigall ilele Ao dadl5ll Force ) (55 o5 (a9 « Windings
Omal Jeaall clile e 5yi54lls Leakage flux J) oe 45500 Force Ju ¢ csaall d Lia
(i LS Alege ol La i) sisall 8 LS Gl a5 (p05 858 e Jaal)

52



N gaall ikl Sl 1 ) Sl GaeSl) (sl cNlsaa b el
=1 oyabo ge oy Aanloliah ol culilun 2-7-2

Loy L asld ¢ sl ey, iy 88 L Lagia US Jang (ppslaia cpliage Lial ¢S 1Y) oY)
Ol s Sl G dilsal) 5 ¢ Golall A o lgiad Ciign (LAl 1\ ailas) 868
M

IF1| = fl] ht |'.3 X
2nr

858 Logis Baall i€ (Sl LIS 13 ¢ oLl slad) conen (3l | dlas ) sl olas) aaaty
L 8-2 J<all b LS il

slat¥) LuSlaie el Alelal) e lagall jolas il s 8-2 J<a

L 9-2 UKl b LS il 558 b Legiy Al 55l il aslg olad) o LIS 13

-

=
I
\‘\::’J :jf

7

F

slady) sasie eyl Alalal) e lagall jslan il 9-2 <&
e oladl (A osiase 5 Sl 4d o dhage (Ao 55all 5l olad) (o) 2l riall sacld 22a 4

(SDbagall (s Adlusal) LS iyt Gusnlad alale e (i Dl sal) G A\l (g5l o8

Jaall jlisad g8 JgY) @

53



cNsaall Rdal) Jhall) : S Juadl Aasel) (GoRl) e (b gaal

Jhall 5l Ol 520 58 Sy o
Jhaad) Jead IS LalS L josg s 83921 020 culS LlSs 248511 Bieal 505 Laaals i SN o5 (hag
il e sisall g5l e iy 1385 Lasyu
Al gal) b (e glubd uolial} e 3-7-2

0s$ Additive Polarity L ge 4l 4l Jone (8 SLall apal) g 5all Pha 4l Cagyeall 50
Cragall a5 & ey ¢ sl Calall (& lall g e olad) uSe AanY) calall & lall g e ola)
QU 13 e GBI QL) & dudadl) Jad A& gy W& Phase J) & b (50 bae Laling bas
Cung . Aulatiag Ligluie (pilddl KT Ampere Turn AT o V) cpolall dad G a2y ¢
DAl Legin 3l 58 Aligh bl IS 3 Jeage IS Jsa Flux Leakage e piad ang 4
okl oy LS agdally a5

Core 1Ly 53 AVl il e Guds  leakage Flux ¢ il e daad Gaaas Wil JaaY
Stal 43 lagye e 43 conductors I e 555 g @l zan ¥ Core. Il e s3I 13gd

Jlac Y i) auuildily auboliaky oal) slat) 4-7-2

eV asall i HLV ) clidad ¢ Jaiaay WS e AS0ISad) (goall olatl (35S Jlaal) Cugan oL
oSaiy 138 JS 5 10-2 J<al 6 LS Ll selall Gkl Jaay gl a3 5 ¢ LV ke uSe
-( 50 Hz System) Lyl o (s saslsll &5l L 5ye 50 Jaea

=N N

Jsne Jala 285U A\l ol : 10-2 <4

54



cNsaall Rdal) Jhall) : S Juadl Aasel) (GoRl) e (b gaal

I —
Jhae Jof e Jsnall @S ) 5 8y Ligune clsaall 8 Jansill (36K o) daaaY L) ans 138
S Gy

Ui — LSIGl) (sl ) ALYl — Jlaall s e min ) (AY) JSLaa) (e tidisale
e Hhar dnbas GsS Hhall sdy ¢ Clilall (g Jiadl Dbl dain LAl s Al 5,4
D) s ) diay S TANK dads Laaall alagy 5 ¢ datidid cudll a4

55



dag¥) A5 cNsaal) @ G Juadl) Lausesl) o) cNgaa B gasall
S e
~ 66
TR -
i 9| ot Vs | i G|

3-9 Transformers

ansl) Lalal c¥padl Wl o (3-0) ans1 A8 £l e (0585 illanal 3 (ssill e alins
Ol dlligh 30 Jyae e Usmmnll 5 i sinall Jaa¥l 53525 gilila ( 1-0)

30 uumd! éﬁgﬁo uJﬂ JM u‘gg| a@#‘ 1 = 3

GLY) Jaasi ol Cung las aglaagi 5 ¢1-@ D g5ill 0 Three Banks cisaa 3 aaaius L
Ll GhRY) Gl Jiallg ¢ bl O e g Dl e J<8 e b Al clalall A1)
A-3 JKall ALSuh Y 05 of oS sl clalall

) la
a-Y - ; |. -
A [ ; = 5
2'. — =

T,

i
i

e
A
|3

|

LolaT W¥sne D (e (35S (DB Jgaa t 1-3 I

LD c¥sne (sl Lae Aliaia Loalal C¥sns dogana 4 elas 2-3 (I<all,

56



Ao AAE cNgaal) ¢ Gl Juadl) Lausesl) o) cNgaa B gasall

Lolal cgna (e daiian (56Sa A cgaal Liiis Bygea 1 2-3 JKE
I abagy ¢ (Ol J) WAl duag e el 8 Standard I daplall i 3-3 J<ally
(ol ) Y

57

ww.drgilany com



dagy) A cNgaal) ¢ Gl Juadl) Lausesl) o) cNgaa B gasall

A PHASE o A PHASE

B PHASE

GROUND

C PHASE

C PHASE

(a) (b)

Star I dluags (o)) Gl dluag : 3-3 U<

30 wamd| 1 il el e | i | 2-3

Oo ik o bl Al el a0 3D of dplal calS glgn dale dbiay <Nl
CYgaall Alls (il jelay (o3 ) JSAN & LS core type and Shell type : i)k
. Single phase transformers aul.Y|

& Primary and Secondary &
\ Windings
HV | SR == ,/1 \
|
\ :
' @
| | 5
2
' |
| 4
LV u _,
i — Magnetic
Li f F
Core-type Construction eSOl T X Shell-type Construction

oul 9) Bpilae Baals BangS (A saaa i (e degias 30 ) sl (5< dayhall Guding
b ey o oK 3-F D) sl Qliy L (Gilad) gal) LS Dala] c¥ae EDE
Lld)) cNgaalls duyell aalyal) laasiy ¢ Shell-type i Core—type: ) Lag okl

Aol gl

saacl 3 (e 5K aall Q) ()< ¢ Core—type I dapyh aladin) Alla 8 Jbad) Jows e
cilile Lgigh pungi o5 ¢ Jg¥) asenll Jsa phase—A JL dalall LV Il Cils puasy 5 ¢ 3-limbs

58



dagy) 4G cNgaall ¢ GIEY Juadl) Lausesl) o) cNgaa B gasall

aklls . 4-3 U<l b LS (881 2-phases 1) 8 13 ¢ phase 1) iy dalall HV

. Phase (< 2 cpaldll o Jie cllia
a b

LV Winding

c > Core (3-legged)

HV Winding

Neutral

Core Type DM Jena: 4-3 J<&

Bha Aoy il O (A il g o Alialic )5ea0 Phase JS e igad o llac
i) pald e il i Bl pagi Al 0o Weala) 3 ¢ Aol 24 sad Lsia 120
A ) A Can ¢ AN clyaall JI3) A Gl dang ¢ aalll Calal) ciliads dlula dayng Cilall Jsha

clld aay 0 aY) Phase 1) ¢ saaall Qlall laugY) genll e JasY) Phase

& WS Ayl c¥gally Liad ansis ¢ Shell Form ) ik Ll saaad) il aias (S
. 5-3 J<al

59


http://4.bp.blogspot.com/-NKmqFD9aW8o/TtO9JwVq5lI/AAAAAAAAAes/CRqkILqpbas/s1600/shell+type+3+ph.JPG
http://2.bp.blogspot.com/_U3umjVzCXTA/S978G-JiseI/AAAAAAAAAF0/JfjyI_1xplQ/s1600/Transformer-3ph-top+view.jpg

dag¥) S cNgaal) ¢ G Juadl) Lausesl) o) cNgaa B gasall

N

I liles 5 dapn Jadipen LV Glile (g (3l il O plaa ga Giinplall US 8 Canglls
b ass aiaill dank g ST Jaalis @liag - € Gl s g ¢ gl cads g HWV
S e S L)

ALY 19 a3 sl o 3 ))

}i ¢ 43.11:1.;4 GA ;b.u ¢ c.‘é_:l: dS ‘éﬁ z\j}@_mn_a 3_® A C_ﬂb;n U;’}S:J 3-Banks &iﬁ)}a )l
gsill 4S5 o S ¢ Basly sang 408 3-0F ) 5S5 (63) B £ ol (ha ST Daa Jady 4Sh ¢ anSs
ST s Ll sl o WS« %25 s dausy Leadd ST JgY)

s Aal) gl a2y Aala 8ha Lgd (D daly Jgnn 00K Dnalal cVpae 2D aladin) of e
A ) 0o U zgsa Al b ()lsh Jsne diar g2l wl) Jone Loal 05 o oS Ll
OsSd alie Jsna ) zlias Wild saaly 5ansS piadll OGN Joaall Alla 3 Laiy ¢ deadll (0

STASS Jiay 1385 (5)lsh Jona

3-Omll $ 5 ydidlg ddd| Gilibaid § ilidl] Jumd oo 3 - 3

b Aagupall 3yl Ay V) i (V¢ AN Vsl 8 clilall Juasil @yl e aaal) cllia
ool (3 LS il e ag o Ll Y o 6-3 J<al
Y alaaiuy) AL diyla ag ¢ Star— Star ek, Load Cijetg ¢ Wye — Wyedayh —1
. Unbalanced LoadsJla¥! o5l aze dlls 8 sae JSlie o ilad
Sf) AN Clalal) (e 2aly Jumd Alla b il daylall 028 uanis (Delta — Delta daiyl —2
Legi€as Ll cplgndll (fa (3-Banks ) &y asiies LS 13 A1 Npaal (5o 2aly

60



dag¥) S cNgaal) ¢ G Juadl) Lausesl) o) cNgaa B gasall

iy L) LLaY) L) 5adll e %58 doley Lo zliily ¢ deadd) 3 )]

(Sl s IS Delta ) e uanll (Mesh) daalll aad)
Cgas aa Llle padniag « (Star-Delta) 4z lad Cijaig (Wye — Delta ) Ayl -3
¢ Jilsall A [mean] Ml agall ) Star J cuils Jiag Eus ¢« Step—down

VL
gl agall 0sSs Gua
\/g = }S"
A cN¥gaa b a2 ¢ Delta-Star daylay Lad Cayais « Delta “Wye  dayl —4

Liay) LSy Ll Qlul (uiily 480 (Star-Delta) diyh (oSe e Step up
s Lo Losade Jilsal) e agall 06 s star s el sgall dga Juasil dale

%H? I ad
O

L) cN¥gaal) B gl cDlagill 1 6-3 <&

61



Aagy) A5 cgaal) ¢ GIBY Juadl)

dpgsl goil) cgaa A paall

Gl b Jaatily Ay e Capating ¢ Lgasaes Liliual (9AT Jacalis da )1 Byl (g &l U

LGl

3-8 A edyne b saall 1allal) iyl 1-3-3

P laa o) aila e cuila S 8 AN L) Juasil lesas SSY cpiashall Gl ¢ LS3 LS
I+ ISl L3 LS agall e e s Lual cpallad) NS Ldg ¢ b IS5 e of ¢ bl J<8 e W)
A Gle yaball agall g Sl ¢ Line Voltage, Vi Jlb ey TWo lines (sl m sl 5

T3 JKAN L8 daaly g AMa]lg .Phase Voltage, Vp b sy Winding

V. = V3 = Ve

cornaction:

i

Dalfa

connaction:

f=v3x1Ip
ll"rL="'rF|

Star Jly il s Zabisd) cylally dgeal) o 2 7-3 <&

phase (g « line voltage (Vi) , ow A8l (& ¢ Star K5 e Juagl) Al &
tot WS Ipgpmg I o Sl wlidle XS ¢ voltage (Vp)

Vo= V3V,

||_= |p

f b LS @l (s<ins Delta (<8 e Juagl Al 8 W

VL=V

L= 31,

62



dag¥) S cNgaal) ¢ G Juadl) Lausesl) o) cNgaa B gasall
addal) i gak) @ Power Relations §yaall aed\aly syl 2-3-3

Vel & MVA ) cilasg ol KVA I Glasgs dulas Apparent Power, S ) dad o
D oAy Banly diph i <G e Alagall ol o bl J<8 e Alagall elgu ¢ AU

S =3 VN In
Phase Voltage .a V|y ¢us

Phase Current ) a I\ s
tb WS Sl IS5 e Juagil dlls L3 (a1 8)5em Aol dllad) e el (Sasg
VLL
Sy=3Vyl, =321, =3V, 1,
V3
b WS A (< by S5 e Juagl) Als 8 Jiadlg

I
SA=3VLLIA=3VLLFL=‘/§VLLIL
3

OsSi ollall S b ¢ Juagill diph o caign Y sl il Clua GlBle o LaaY
t By Baaly daylay diguas Apparent power , S I 5yall dad

S=3v,1,

(Fitzgerald i€ () 1-3 Jla

Three single-phase, 50-kVA 2400:240-V transformers, each identical with that of Example 2.6,
are connected Y-A in a three-phase 150-kVA bank to step down the voltage at the load end
of a feeder whose impedance is 0.15 4 j1.00 £2/phase. The voltage at the sending end of the
feeder is 4160 V line-to-line. On their secondary sides, the transformers supply a balanced
three-phase load through a feeder whose impedance is 0.0005 + ;j0.0020 €2/phase. Find the
line-to-line voltage at the load when the load draws rated current from the transformers at a
power factor of 0.80 lagging.

Jall
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The computations can be made on a single-phase basis by referring everything to the high-

voltage, Y-connected side of the transformer bank. The voltage at the sending end of the feeder

is equivalent to a source voltage V, of

4160
V., = — = 2400V line-to-neutral

V3
From the transformer rating, the rated current on the high-voltage side is 20.8 A/phase Y.
The low-voltage feeder impedance referred to the high voltage side by means of the square of
the rated line-to-line voltage ratio of the transformer bank is

4160\ , .
and the combined series impedance of the high- and low-voltage feeders referred to the high-
voltage side is thus

Zieegesn = 0.30 + j1.60 Q/fphase Y

Because the transformer bank is Y-connected on its high-voltage side, its equivalent single-
phase series impedance is equal to the single-phase series impedance of each single-phase
transformer as referred to its high-voltage side. This impedance was originally calculated in
Example 2.4 as

Zegn = 1.42 + j1.82 Q/phase Y

Due to the choice of values selected for this example, the single-phase equivalent circuit
for the complete system is identical to that of Example 2.5, as can been seen with specific
reference to Fig. 2.14a. In fact, the solution on a per-phase basis is exactly the same as the
solution to Example 2.5, whence the load voltage referred to the high-voltage side is 2329 V
to neufral. The actual line-neutral load voltage can then be calculated by referring this value to
the low-voltage side of the transformer bank as

240

Vigas = 2329 (M) = 134 V line-to-neutral

which can be expressed as a line-to-line voltage by multiplying by +/3
Vi = 134+4/3 = 233 V line-to-line

Note that this line-line voltage is equal to the line-neutral load voltage calculated in
Example 2.5 because in this case the transformers are delta connected on their low-voltage side
and hence the line-line voltage on the low-voltage side is equal to the low-voltage terminal
voltage of the transformers.
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2 Pressure relief valve

The pressure relief valve is mounted on the cover
of power transformers to relief any internal over
pressure,

Pressure relief valve is flanged type with operating
pressure from 0.2 atm to 0.7 atm (20 to 70 KPA).
The valve operates, just the internal pressure reach
30 % higher than the setting value.

3 Dial thermometer with capillary tube

This instrument is used for indication of oil
temperature in power transformer. It Is of dial type
fitted with maximum reading pointer and suitable
for outdoor mounting.

The maximum reading pointer should be re-settable
from outside by a Knob or by screwdriver.

All components are made from corrosion resistant
material or surface treated.

4 Buchholz relay
This relay is provided to:

- Detect any generation of gas Bubbles and energize
alarm Contact (first stage)

- Detect any sudden oil level drop and actuate
- Tripping contact (second stage)
- The relay is according to NFC 52-100, DIN42566.

5 Magnetic oil level indicator

The oil level indicator is of magnetic type provided
with indicator to indicate the oil level of the expansion
tank (conservator) for power transformer.

Operating temperature is:

Ranging from -20 °C to 100° C & Degree of protection
1P 54
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6 Electrical fan

In order to Increase the transformer load capacity
a special motor fan is used to increase the cooling
of transformer.

7 Winding temperature indicator

The winding temperature indicator is used to control
the cooling Fans for (ONAF) operation and gives
alarm and trip signals to protect the power
transformer.

The indicator is complete with a temperature sensing
system with a capillarytube and suitable for a current
transformer with secondary current 2A. It is fitted
four sets of adjustable micro switches to close
between temp. range 60° C to 120°C.

8 Oil temperature indicator

The oil temperature indicator is used for Indication
of the oil temperature and gives alarm and trip
signals to protect the power transformer.

9 Dehydrating breahter
(SELICA-GEL TYPE)

It is used to trap out the moisture of the air entering
the Expansion vessel during the transformer
operation.

The saturation degree distinguished by changing
color silicagel.
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Example 32.96. Two I-phase transformers with equal turns have impedances of (0.5 + j3) ohim
and (0.6 + j10) ohm with respect to the secondary. If they operate in parallel, determine how they

will share a total load of 100 kW at p.f. 0.8 lagging 7 (Electrical Technology, Madras Univ. 1987)
Solution. Z,=05+73=3.04 £806° Z5=06+;710=1002 /86.6°

Zﬂ+ ZB = 11+j13=13.05£852°
Now, aload of 100 kW at 0.8 p.f. means a kVA of 100/0.8 =125 Hence,

S = 125/-369°
Z, 125 / — 36 9°x10.02./86 6°
S,=S = =96 £ —355°
AT TZ,+2Zg 13.05 £ 85.2°
= aload of 96 X cos 35.5° =782 kW
Z — © o
Sp=s—ZA_ - 125 £ —36.9°X3.04/806° _ o1 . .1 so
Z,+Zg 13.05 £ 85.2°

aload 0of 29.1 X cos 41.5°=21.8 kKW
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2-6 J<all 8 Jsae Boh om Bpile JiS ciliag ol LS Lol (geilill cuiladls Gaas circuit
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Phases. 1| (0 (a9)

? oo golun Phase Displacement (& ) cana $3\k 6-3-9

e Gl Glsll e cpliagall clsaall phase displacement g Gyl o< of 1ual Y
e JEal Juw e . vector group. ) uis ) ol gadsaal) (0 o AT e ¢
el «Z20 5l DAOS YYO Wl S G o i YYO il e J5Y) dsaall IS

ol i) 3 S Ly LS ¢ desandl) i

A gall sl aaen 585 o ang Jauall Ll phase displacement ) ¢sSs of ¢lasaly

Laililly 8)5g-5all dan)Y) Vector Groups I (e cile gane (0 B2als de ganal it (gl e
F R

) Zero Group 1: .1

) 180° Group 2: .2

phase displacement (Yd1, Dy1, Yz1) -30° Group 3: .3

phase displacement (Yd11, Dyl1, Yz11) +30° Group 4: .4

phase displacement (Yy0, Dd0, Dz(
phase displacement (Yy6, Dd6, Dz6

251 e gend) elinls e sane (o Uaild cplgadd) 05S o e Vs

laaaal 8 Juagill il e bapds e Siags o) (Kai 4 53 desena Ul

Equal Impedances, Ratios and kVA : 1-9 J&a
A Gyl Jl b el e obsio lsna o L i S sl
two 2000 kVA, 5.75% impedance transformers in parallel, each with the

same turn ratios to a 4000 kVA load.

kVA1

e Loading on the transformers—1 =kVA1 = 22— X kVA
Z1% = Z2%

X 4000 = 2000kVA

2000 348
— 5.75 —
— 2000, 2000 X 4000 -

= 348+348
5.75 5.75
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I

Solasd g AN Jag il (3aa3 Capuss il (ggluill 130 g AN Joaall e Jaenill oo Siallsg
Ratio, Power and Z%

Equal Impedances, Ratios and Different kVA : 2-9 Jta
gl Cagylall s b (gilsil e (ulstia Culsma (o L st kS ol
3000 kVA and 1000 kVA transformers in parallel, each with 5.75%

impedance, each with the same turn ratios, connected to a common 4000

kVA load.

kVA1
e Loading on the transformers—1 =kVA1 = 727 X kVA

Z1% T 72%

X 4000 = 3000kVA

3000 522
5.75
= w222 X 4000 =
3000 100 522+174

5.75 5.75

kV A2

e Loading on the transformers—-2 =kVA2 = 22— X kVA
Z1%  Z2%

1000

_ E78 174 _
= —%+% X 4000 = t2210a X 4000 = 1000kVA

(ST dasy 5SY) Legia JSTKVA Gusn 35S Lagins aisil) o8 Wl LSS LS 5a

Unequal Impedance but Same Ratios and kVA : 3-9 s
radall Cagylall dla (8 sl e galiaia Gl G Ll s AS sl
Two 2000 kVA transformers in parallel, one with 5.75% impedance and the

other with 4% impedance, each with the same turn ratios, connected to a

common 3500 kVA load.
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kVA1

e Loading on the transformers—1 =kVA1l = 522> X kVA
Z1%  Z2%
348
= X 3500 = 1436kVA
348+500

kVA2

e Loading on the transformers-2 =kVA2 = % X kVA
Z1% * Z2%
= —"x 3500 = 2064kV A
348+500

G SV Z U Al il s 05K (ol g Lagi sl o8 llu LS LS s
DAY Laiw Luyis %3 4wy (2000 < 2064 ) Overloaded Laaal mualy (8 Jeaiy Z
B 45,08 e L %72 duty Jesse

Unequal Impedance and KVA Same Ratios : 4-9 (.
radall Gagyhall dla (8 sl e galiaia Gl G DLl a)g AS casal
Two transformers in parallel with one 3000 kVA (kVAIL) with 5.75%

impedance, and the other a 1000 kVA (kVA2) with 4% impedance, each with

the same turn ratios, connected to a common 3500 kVA load.

kVA1

e Loading on the transformers—1 =kVA1l = 22— X kVA
Z1%  Z2%
= —22_x 3500 = 2366kVA
5224250
e
e Loading on the transformers-2 =kVA2 = 2% X kVA
150 Z1% ' Z2%

= X 3500 = 1134kVA

T 5224250

. (1000 < 1134 ) Overloaded il Z% 4} (sl Jsaall zranay (53 83
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Equal Impedance and KVA Unequal Ratios : 5-9 Jta

Two 2000 kVA transformers connected in parallel, each with 5.75%
impedance, same X/R ratio (8), transformer 1 with tap adjusted 2.5% from
nominal and transformer 2 tapped at nominal. What is the percent circulating

current (%IC).

%Z1 = 5.75, S0 %R> = %Z1 | N[(X/R)2 + 1)] = 5.75 [ N((8)2 + 1)=0.713
%R1 = %R2 = 0.713
%X1 = %R x (X/R)=%X1= %X2=0.713 x 8 = 5.7

Let %e = difference in voltage ratio expressed in percentage of normal and k

— KVA1/ kVA2

Circulating current %IC = %eX100 / V (%6R1+k%R2)2 +
(%Z1+k%Z2)2.

%IC = 2.5X100 / v (0713 + (2000/2000)X0.713)2 + (5.7 +
(2000/2000)X5.7)2

%IC =250 / 11.7 = 21.7

The circulating current is 21.7% of the full load current.

Equal Impedance and KVA Unequal Ratios : 6-9 Jta

Two transformers connected in parallel, 2000 kVA1 with 5.75% impedance,
X/R ratio of 8, 1000 kVA2 with 4% impedance, X/R ratio of 5, 2000 kVA1
with tap adjusted 2.5% from nominal and 1000 kVA2 tapped at nominal.

%Z1 = 5.75, So %R’ = %Z1 [ \[(X/R)2 + 1)] = 5.75 / \((8)2 + 1)=0.713

%X1= %R x (X/R)=0.713 x 8 = 5.7
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I ——
%Z2= 4, So %R2 = %Z2 [V [(X/R)2 + 1)I= 4 / V((5)2 + 1) =0.784
%X2 = %R x (X/R)=0.784 x 5 = 3.92

Let %e = difference in voltage ratio expressed in percentage of normal and k
= kVA1/ kVA2

Circulating current %IC = %eX100 / V (%R1+k%R2)2 +
(%Z1+k%Z2)2.

%IC = 2.5X100 / v (0713 + (2000/2000)X0.713)2 + (5.7 +
(2000/2000)X5.7)2

%IC = 250 / 13.73 = 18.21.

The circulating current is 18.21% of the full load current.
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Jomall Judi e 8ia dalge : e salall Juadl haagS (55l CNgaa b gasall

o
vy:./6&)v2>/°\
6 kRS(LQQS
w/ft A6 6

widgall & dilid
Power Loss in Transformers
Gl ulds ¢ dsdall 5elS Gl b oulod 4 Tas ala Jsaall 8 LOSS ) g gunga Ll
P Ofie gend lgand (S C¥saall 3 L0SS ) s Lasacs - Jomall i) Jriill 4

No-Load Loss dcgana —1

Load Loss dcgans =2

NO-LOAD LOSS b gutuidtd 1' 1 O

on Bl Cinns 3 e Jsnall (i saaddls diagi Shaind g Jyaall co Jaadl) Joad xic
Laslusd 52303 g daldal) o328 (Kl . (OULPUL) 2ags Y 43Y ¢ 10SS s g€ dalhall 538 ¢ yaiadll
Core 1088 Jb et Ll lgie culiansa 52e Lgly ¢ Zaxall Sals (ol energized Jsaall Jas a5
no-load 10ss I deganas . gyt WS Ll Ll daall IS adalliy « Magnetic loss
gyl A Lgias oy
e Hysteresis loss
e Eddy current loss

e Dielectric loss
a O aadll e Digaie 28US yainin Ll VI N0 l0ad 10sS Lgaud (f a2y dalkal) s2ag

Sarg .Load Loss ) de sana (f 4l de ganall L) Calians Joastll day (Kl ¢ Jgaall Jrand
cahloaY) Jiad i sy LS open circuit test daulsy dxana 5yeaiNO-load loss ) .l

Hysteresis Loss aan jiwe pal} dadoliah as\lal) 1-1-10

sl a3 il (5l N0 10ad loss glsil (e g53 o sl « Core 108S ) (pa lein s dalkall s2a
olat) uSaiy Bpe IS 3 4 Alaliy 0SS (e gaill 18 5S8g . Y A ealls dociia Joad) o
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Jomall Judi e 8ia dalge : e salall Juadl haagS (55l CNgaa b gasall
I

£95% 0 Al odag « hysteresis | dain saa A8l (e Ussn Ieja Ol undaliaall Jlal)
Aaal Wl e clall dairadd) sl

O Veya L Ll gl residual flux  caws bl e sha Laaad) salad) & o 4 &3l
b il Jia 2 ¢ Hysteresis Loss aud 5,0 sda Zoaaal) salall Jals Ludaliaall 5)3)
Kin La)a8 d8glaa Lol cale JS5 e Real Transformer agall Jsaell 258\Sa) 55000

G 2gall Ll ddy Ldaline Liad aled LS iy Sla¥) cild) & Sinusoidal s g e died
Gy Ll g ye vie (8L nlaliaa) Jlaall 1385 ¢ Sinusoidal s isie 4l 4 gl ol
& Bsasall Lasalalianal 52l ddaiaa b sinusoidal ) siaia e (A5Y) Cycle caaill b
Jla) daiis Calaas Al dOMAINS  (he de sane (o Llah 439K Wy o (Sa )y Core )

110 IS 5 LS aaly sladl 3 eaikalisal
ol sinusoidal. 1l Jaie e SO 850l Chal (8wl Jladdl oladl (uSahy Ladie
S Al cilaat o QY e aag Lalatl yus o aaa Core I Jals domains )
» Hysteresis Loss 1l e of (e & ey« 1-10 JSaN 8 LS Jlaall anall olasy)
mabalinall Jlaall Csa (g 890 S 8 Lol el alall lisga @llSial b S5 Al 48U

Nl [N] [N %%% s] [s] [s]
i 8 ) I
N [N] [N %%% 5] 5] [5]
i 39 ) I L LI L
N [N] [N %%% s] [s] [s]
=] 18] B L L g L

sy slad) s 1-10 IS
¢ input power (o b dslaliaad) saldl Uil Caa & @llgia ) dslall ) dasall,
halls 535k 38l a e 5 (peg l0ad U Jaisn Y (gl (58l clall AaUal) s3a Jas Y aokallsg
ity G 8 A8kl 2L il LS Ulle a3 1S LS ¢ Ligh il Jlaal) oS LS
ST saldl Jala ollaay) olal

¢4l Aabeall P& o0 hysteresis ) 8 a<lgiial) duye<l A8lal) aas a3 (Kasg
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doaall Jadl Ao 5i3a dalgs 1 sde salad) Juadl) dnpgsl) gsll) csaa A aaall
_ 16
Wh _ I(h Bmax fV
lly Hysteresis Loop—; ddg yaall dalall Jals dalidl P (10 a8 daplay lgabeas (S
O e dld K LK 1€ Loop ) Jaly jgeanall gial) o€ Lla ¢ 2-10 J<all & el

Balall Ao gd Cpaty Bagadall A8 (e degl) ol Jul&n (Kavg .5< Hysteresis Loss |
.Core I & daniiiall dunlaliaall

B B
(' ;: o
Small
Coercive Force Large
— = - Coercive Force
-
H H

4’/ — el

“"Soft” Ferromagnetic “Hard” Ferromagnetic
Material Material

salall duc gv o 23l DA 2 2-10 U<

eddy current 1§ iy gaasaly dal} § Loss 1) 2-1-10

sl 5 e L Gy e Ul diags e 558 Lo gl ol (e Gl sl
Gl Gk 1S laga A5 Leilh Loulatll el @Dl (adl) Laghad aladi Loviad ¢ (punalinal)
oS L5 Lo 4 algid nonl) il i Liad Lol culilall sa i g i€l ¢ (gl
1agd aadallig L Analgall culylalls chlal) oda Cayatg ¢ 3-10 JSEN 8 WS eddy current o
M sl il (i b oty Ll sag 0 daall s Y 5eb ¢ Bl 4 gty el
= 50% A= & eddy current ) s saley . sagatal) A8l (e goh 4lS Maag ¢ gl

csuaal) Qlall Gl gaaa
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Jomall Judi e 8ia dalge : e salall Juadl haagS (55l CNgaa b gasall

Eddy voltages
,
—
Oo— Ot g
q J
To ACsupply 4 To AC supply L
o o J

Clall Jals dalgal) el = 3-10 U<

Ciiay [05S€S  (ha g5l 13¢8 125 ¢ Yguate daall OIS ol i Sidis 5304l A8l 28 () JaaY
Maing 1088 ) (e sl 1385 . sl ey Lafd Liles ) 5,L8Y) 2 ¢ NO load losS  (paua
P Abeall o dalinall Jlaal) 286y a0 jlly Lasdalizall 5ol g5 e (bl

We :keBriaxf i

LeSans Balall go3 (Ao g b Ko Cun
1yeSH Laglaal) cafy Lol clanadl J8 Lala ¢ Audalinal) salal) Slow dagly 5ads jitw 28Ul oday
sl 8 Lnaall Gl aan o b cundl ga 13y ¢ QRN 8 L) lal) iy by ¢

s dagriang Wuans (o Agiee mihd JSE e G585 A es])

o2l 550 Jeaial Al pdaial dslhaall dalall Jhass =il de ganad dpvplalinall dalill (a8
lgsd e Db Ay € b aaial) dalise jaal ddlle aglie 13 (g8 duyeSl Lalil) (hag ¢ 4
daydl)l daw up Y Baley « eddy current dad Juls dahll odgy (Sar o (g ¢ e LG Y)
.0.35 mm e saslll

dielectric losses (3al} § culagask 3-1-10

GUESAN (o g5d 35y (A o Joaall Jahy gany e Clagall Jiad aadid Al dljlall olgall
¢l el Yy cpall 8yelaie cand CldSa a4 « Stray Capacitors sa)Lall cléSa I Cayen
C3l) 8 2l e s L Gaansg Atial) S e i e LS

Y Cus ¢ daslie (g9 L capacitance - Jia Ideal capacitor alsell CESA ¢ asleas
b ety &5 Sin I e (oY) 550 Craill 3 A8LIL il s¢d ¢ pOWer I 8 3 (ol 4 sag
O daghll OS5 1Al ¢ Active Power I (e Ul 22 Vg ¢ 1385 &t o5 cad o ¢ (SBI) Canatl)
20 90 (g5l 4 Llly 2gal
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Jomall Judi e 8ia dalge : e salall Juadl haagS (55l CNgaa b gasall
I

Lila Jy ¢ Laaé capacitance e e iiSa adlgll 8 angy D8 Ladd Lylai joiay DISH 8 (S
90 e s Ja lally agall cpm Auglille 25 (a9 ¢ Bpia daslas CApacitance I sda aa 5S
o e Jhed ddde B)laie Wulide AN § Ling ¢« delta, §  aud Srma dugly ok dapo
capacitor I < LS Lghll 3 cujra WS ¢ ideal capacitor 43S e B e ld aas
Yl 4 il dielectric losses Jyaall Jjlse 3 8agaaall 2Ll 138 oy . Landgaill ol
Dielectric I 4ad aulinig .dissipation factor o Load Cayey jlazall 1aag ¢ tan § e

p Al s 20539 32l e Power Loss

P, =2nfCV?tanéd

where

P4 = dielectric losses, W

f = applied frequency, Hz

C = capacitance , F

V = operating voltage, rms V

tan § = dissipation factor

dielectric loss —1}§,4\aa 4-1-10

power I gloil jladl (e g8 @b adyg ¢ Bashiall AN (o D leja Jian 8L (ga g sl 120

ctan § @y hall dan cand)) LalSs 5y all dayn 52k slo tan § oY ellag ¢ loss

1a5 ¢ ST tan § wiis ¢ ST 8hall da e caaly Ml ¢ sagaiall A8l cadly tan § cl; LSy
- @l D] Gaay S

Nowata Jaall (IS 51 ia 539a50 LY N0 l0ad 108S glsil (e Liad A8l s2a s |yual

LOAD LOSS b guuid 2-10

Gl DA Jaall jla g 50 daiis Jenall Jaant ol Jatd jelei I0SSES ) (4 de ganall 638
Glile & elg cililel) daglia 3 Copper LOss duulaill cilagiial) (e Lulul ()65 g8 135 ¢
stray b Ciyar i L) iliasg ¢ l0ad l0ss e %90  Moa Jias llg ¢ (gl 5l Sy

. Loss 1l s3a e %10 s i « loss
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¢ Jsaall ana i vie bl jeaie Ll 8 e load loss. I lus Luaal (8 adally
Cpad \JSJ 3 )Ja;j\ 2\;‘)3 ‘_Al calalddl ‘; 5)‘)&1\ Z\;ﬁ cﬁ‘)ﬁ laldd) ‘; ‘)\:ﬁs\ 9RO asW) bb;ﬂﬁ
-l Aaglie Aad it ok oo We S (sills LOSS 1 sda (it e aall (55 0]

Copper Loss auw\ail) ci)sqank) 1-2-10

Jsaall daeal Gaaa 13 V) 55550 4aiS el ¥ gl Jieas ¢ load loss ) glsil (e g5 Jsl 20
Laglia Lgd — (oiliy A — Alaill clalall G Cag paalld .53 gakal) Z8UAD caly Jaanill oy LalSy ¢
g prall Adbaall (o rnny 52l 38 (8 iy Lgd LS g pad o5 (e ¢ dina
P-IR

Joe dai @lldg No Load el s dowladll culalall 8 ai aag adl ) s o caa ¢ 28ally
) 4 e A lall s no load current JeaBU) Lié ¢ no load current JeaBU) L
390n A UE 06 5o lagite HAY) Calal 0sS aa ¢ il agall 4l Jaluy Loxie a3
Of JLe¥l 8 38V g 1y ¢ Ay Lulod aiad s L JalSH Jaal s e %21 (50
Vi 5 ( Critical Saturation point ) s all auiall i st wdaliaall (il 286S ()5S
cdead) o Aed e Jaleall olld 5 Adloe bt le daal) Al iyl (g

.(LosS I dad Jlet) cass JasDU ety Jand) ol A5l (mdll dad ()65 Ide@l ) csaall 3)

Copper Loss e &4 ) yili 2-2-10

eddy current loss Ko o daglaall dad ¢ i) G I’R . g Al dad g i) e
saaly dushe dayd 8 £ U)) US of Jsill (e ¢ Lilials + Bhadl oo g lin) gn (il il

:0.4% _lxcdoad loss ) dad ¢ iyl & i

clogaak) o yluil) diegi yili 3-2-10

Ula 8 Lla monaa Ol 138 oS Rzp—pl\' Ol o Caund Lagliall dad of aglaal) (g
Ay . Lol Wiy Gady Jsatall cunsitill (g g53 silall 138 xd AC Sl (K13 Ll ¢ Lt DC
4-10 I3l 3 WS 55S e lun deasall Gbhl (gl ) daes 335l Jlal) oY

&5 Oas ¢ Aantigh dalud) go 8 Juagall dladll alaiall dabie Jray GBLY) & Ll S5,
.Skin Effect & cays Lo ldas Rpe ) 4ad e Rac x5
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60Hz. 1000Hz. 400KHz.
6" (150mm) 0.2" (5mm) 0.030" (0.75mm)

Skin Effect 1 sala Lo aapll ,abi: 4-10 J<a
WS sy seday Al 138 adalliy ¢ i Ll IS 1Y) ST a5 dplaill Clagaaallé 13 e
c o5 13 Jlea) (Sas ysaall cOlasall 8 Wl ¢ ST Jagall adaiall dalie cuilS
g8 yLad) b gaahd 4-2-10

OSI ¢ Anlull glel1 e Ll Bl culS oy gal sl dlligh dalud) clasiadl gl ) daLayl
il w8 oy . b e Sl B Lasyy ¢ Joaall 3 LOSS ) dad (e %5 Ll Jias lge sana
lge degiia

Leakage Flux asuiicifsgaak) 5-2-10

G5 i e AY) Galall LS Lo ¥ Lo cale (b Ll g pe e Ly (31 il (o aglaall (108
il ) o« leakage flux o aie ju (il (e agiiall ciall 13ag ¢ 2giha e)a llia
eddy current <)o Led Land Jonall Lo jlall aaall cha¥) adaby 8 Copuiiall il |3ag
ek B8N S8 e pgi dag ¢ Sl lall dlals pal) dssed) eha¥l eda Lisda A g
- 5l Nl b dadh 0,505

eddy current ysas sas ¢ Ll ol 4 Copuiall () s Basatall A8l (e AT g5 lling
Oo pilll 03 gaeng . i Lad layily ¢ leakage flux J ds dulaill clasa) Jals
REGINR\PON (S EQUEP T PR TP FPEN: (FREINE RPN L DA

dgall b Glaghid| Judid § i 3-10

sl gt ili 1-3-10

OSar 4ld 20l oo Ladg ¢ aldl) Bale g3y Ll DS 5 23510 e Luluf Core loss 1) s
casal lglia (5 Cums (gl QB sale g Lad) e (Sa Cun Jalgall A (S oSal
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Jomall Judi e 8ia dalge : e salall Juadl haagS (55l CNgaa b gasall

Opeddinn Cpmiadll lely L (aadiuall el caua (61 ) ¢ Balal) (e aa€ UK 5 USI Ll Llle
LS bl g . Jle eddy current & sy Yy Hysteresis & cuuiy ¥ Steel 1l o g
. 1-10 Jgaall Lﬁ

Sald) Le gt o 28l 1 1-10 Jgaa

Year Core Material | Thickness Loss
{Approx.) | {Mm) {(W/Kg At 50hz) |

1910 Warm rolled FeSi 0.35 2 (1.5T)
1950 Cold rolled CRGO 0.35 1 (1.5T)
1960 Cold rolled CRGO 03 0.8 (1.5T)
1965 Cold rolled CRGO 027 084 (1.5T)
1475 Amorphous metal 0.03 0.2 (1.3T)
1980 Cold rolled CRGO 0.23 0.75 (1.5T)
1985 Cold rolled CRGO 018 0.67 (1.5T)

- gaall QR a8 deadial) algall B Gauld e Ll o cpt Jeaall e
- slial) e 3sall a5 @amorphous metal s JY) e
. CRGO material & : 434l e
permeability dushliall alead) Gum S g5l e %25 Lpty Ji S g5l b lasaially
bl Jie las 3888 S (A lgaiead (Sasg ¢ el
gyaal) @ saal) Mo pawl) 2 3li 2-3-10

voltage per aa (I agall Jul&s 33yl (o By dad Jilss o AUl & 26al) s 3yl (g0a)
D dalaall (e s Allg ¢ turn

E/N = 4.44B,Af x 107°

Olaal (5itilly A1 8 aaly 2L3 0585 o & Y adalliy il aae 5aL) ot Glld Slai
turns ratio «ld

1ag ¢ diaglaa Bal) Jallg ¢ daagall Job (30 2jan cilalll 2xe 2Ly (8 JAY) Cuilall e ¢S]
1385 Juagall alatall dalise Liad Uy 13 V) aglll ¢ cOpper 10ss sas Al s 5aL31 a5
eddy 451088 I e AT g5 53L3 (s35in adaball dalua 8aly) ol Lele ¢ ST A8 iy
¢ dallal) & 2l il Ngass lasyen Gl 5a¥) Gl ¢ (655 LeSd ¢ @ (g ¢ Juasall b current
£ o2 IS (4 compromise JI (e g5l g liasg
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PF (pwaty load loss Mai 3- 3-10

e iy Power Factor J) (s of Lag ¢ Ll jupe ae Loyl caulssi load loss o g
load 1 (i & fas dllad s (PF Gt e ) Sl Ly Jlis diyla (o 6 Slall ded (i

.loss
ity Cganad) LAl o) ies o (Ko Wli o ctiload J e cgadll KW Lica ja 130
@ldg 1 moad pf dl uas 13 l0ad l0ss  saghall ddlall & ydgill laie aad 2161 Aalaally

Saving In Load Losses
= (Per unit loading as per kW )?

1 2
X Load losses at full load X ([—] — 1)
pf
SUAL ul.mg.u EHL}J ¢ %56.25 ij\-ﬂ:‘ _):\5_9'.'15\ U}ﬁ 1 &Al (panlg 0.8 &aﬂ\ pf ‘93 quu.a
c dd Jonall B 83gasall 1088 Cana (3585 of (S Sls cable loss i sl

o agiiall (gpemdll g0l ey ansy C¥saall Lpeaall sSLl A8 £l e ) Jsanlly

A s (saall Y
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GUARANTEE FIGURE

NORMAL LOSSES YOLTAGE SYSTEM (12 KY)
LOAD NO Total
POWER | LOSSES LOAD % A D F 0il Weight K P R o
KNV.A AT 7S LOSSES | IMPEDANCE | (mm) | (mm) | (mm) (k) k) (mm) | (mm) | (mm)
W) (W)
25 [0 120 4 730 635 | 1250 90 320 $20 S0 125 1
S0 1300 190 4 730 645 | 1295 9s 400 520 50 125 1
63 1430 218 4 875 645 | 1330 1200 475 520 S0 125 1
110 2150 300 4 875 213 1330 131) 580 520 50 125 1
160) 2930 420 4 1210 210 | 1575 250 890 520 S0 125 1
200 3730 S 4 1620 940 | 1575 260 1030 320 50 125 2
300 Sa340 614 4 1780 990 1690 365 1345 670 S0 125 2
500 IO 890 4 1700 | 1020 | 1770 440 1785 670} 50 125 2
630 8750 1100 4 1740 | 9so [ 1x00 470 1990 67 S1 125 37)
BOO 1720 1230 4.5 1925 | 1170 | 1870 590 | agon 670 S0 125 | 3 |
1000 142340 1400 s 1995 | 1140 | 1915 600 2850 820 50 125 3
15000 20200 1900 6.5 2260 | 1300 | 2130 015 3800 820 S0 125 3
1600 20250 2170 6.5 2190 | 130 | 227s 1140 4600 820 S0 125 3
2000 23400 2350 6.5 2365 | 1280 | 2350 1190 5000 5241 50 125 3
2500 1500 28500 7 2585 | 1875 [ 2385 1510 65001 1000 70 200 ] 4
3000 3501%) 3300 7 2570 | 1875 | 2485 1550 7310 1000 70 200 4
REDUCED LOSSES VOLTAGE SYSTEM (12 KY)
LOAD NO Total
POWER | LOSSES LOAD % A D F Oil Weight K P R FIG
K.V.A ATTS LOSSES | IMPEDANCE | (mm) | (mm) | (mm) (kg) (k) {mm) | {mm) | (mm)
W) W) B
53 150 195 q D05 6is | 1370 T60 610 520 50 125 1
100 1150 300 4 1050 6as | 1as0 230 910 520 50 125 1
160 1841 360 a 1210 645 | 1470 265 1060 520 50 125 1
200) 2000 440 E] 1580 630 | 1600 05 1210 520 S0 125 2
300 3260 320 3 1650 74D | 1730 390 1495 670 50 123 2
500 4830 720 a 1720 820 | 1790 s 2215 670 50 125 2
I BOX) 6300 101%) 4.5 2050 | D26} £ I B0 &0 3000 670 50 125 3
1000 9300 1104 s 2130 | 1050 | (960 705 3560 820 5t 125 3
1500 13500) 1800 6.5 2200 | nizo | 1120 910 4720 ) 50 125 3
2000 20420 2350 6.5 2365 | 1270 | 2415 1130 4800 520 S0 125 )
2500 26870 2850 7 2800 | 2000 | 2530 2175 7754 1000 70 200 4
NORMATL LOSSES VOLTAGE SYSTEM (24 KY)
LOAD NO Tatal
POWER | LOSSES LOAD Go A ) ¥ Qil Weight K [ R e
KV.A -AT78 LOSSES | IMPEDANCE | (mm) | (mm} | (mm) {kg) (kge) (mm) | (mm) | (mm)
(W) (W)
25 570 120 ]l 730 | 645 | 1250 a0 320 520 50 125 T
50 1184 210 4 875 630 | 1330 160 495 520 50 125 1
63 1450 23() 4 875 680 | 1330 190 600 520 50 125 1
10X 2230 30 4 905 680 | 1475 235 750 520 50 125 1
160 3220 220 4 1210 710 | 1575 250 910 520 50 125 1
200 IO 510 FY 600 | 935 | 1575 255 1010 520 50 125 2
| 200 5220 610 4 78D w0 | 1690 365 1345 670 S0 125 2
500 7050 890 4 2030 | 1150 | 1940 610 2000 670 50 125 2
630 8550 110X 4 1740 G50 | 180D 470 1990 670 30 125 3
80Xl 10600 12340 4.5 1925 | 1065 | 2030 700 2850 670 50 125 3
| 1000 12700 1400 s 2035 | 1200 | 2040 810 3360 820 50 125 3
1500 19800 1900 6.5 260 | 1300 | 2130 915 3800 820 st 125 3
16410 20580 2170 6.5 2195 | 1280 | 2275 1140 600 820 S0 125 3
20141 25200 2350 63 2365 | 1270 | 2350 1190 060 %20 S0 125 3
250%1 20500 2830 7 2585 | 1875 | 2385 1505 6550 1000 70 200 4
3000 35300 3300 T 2570 | 1875 | 2485 1550 7310 1000 70 200 4
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Large Distribution Transformers

Typical datas for 20/10 kV transformer with off-load or on-load tap-changer
Rated power | Tap-changer |No-Load Loss| Load Loss Impedance | Total Weight il
kVA w w % kg kg
3150 +242 5% 3500 25000 6.35 6250 1210
+9x1.67% 3800 25500 6.35 10000 2780
4000 +242.5% 4200 29000 6.35 7500 1440
+9x1.67% 4500 31000 6.35 12100 3220
5000 +242.5% 4900 35000 7.15 9300 1670
+921.67% 5000 39000 7.18 13400 3620
6300 +242.5% 6000 45000 7.18 13200 2750
+9x1.67% 6200 45000 7.15 15400 3960
8000 +242 5% 7000 56000 8.35 15300 3140
+9x1.67% 7200 56000 8.35 18100 4760
10000 +242.5% 8100 5000 8.35 17200 3480
+9x1.67% 8200 68000 8,35 20600 5090
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Efficiency 5.l Glus —1

Voltage Regulation 1l clua =2

((JLaY) 5y50 — Bl dayd) Jsmall Juend e 55all jualiall =3

Harmonics 11 it —4

Inrush currents gyl el ik -5

el e 25U sleagall —6
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. Rated value g diliis 3sga alasin) ik -8

Al Jeadll 138 (8 (i Lases anialgall o3ag

182



Jomall Judi e 8ia dalge : e salall Juadl haagS (55l CNgaa b gasall

Joall 8:kS : Jod| couaed! 1- 1 1

|npUt/OUtpUt Al z\_mu L_ILmA L_.ST ‘;.1)@5 Pro-ts gi 5o eS L._!LmA z\if)L U“‘"” ] d}MS\ scleS
LS dallall 8 3l us (99.5% s 8) Tax Alle (6S Lagae el clsnall 56US
TS Gl Tl 1S3
e Ll ¢ wattmeter 55l )0l (uld Beal DA (e L) 2 Gk 5oUSH Glus (S
Lasac .48y ST 40l 4a,kally .Open /Short  circuit tests . 4 g yeall Joaall cilas) Pla
- el 83l ae DL i il (g ¢ A et Jsnall 5US (o
- Al (e Efficiency sl sale Cuwaiig
Pfe + Pcu
COS @, COS Qg

_ Output _ kVA(out) B kVA(in) — loss
= Input ~— kVA(in) kVA(in)

loss =

UV
cOiall 2250 g agall vie (Iron Losses ) dLaaall cilagiial) daid 2 Py
- Q& Jaall xie ( Cupper Losses ) duulail) culagaall dad Py,
« Jead) 2ie 5yl Jexe @ Cos G
Jeall 2ie 5508l Jaze . Cos I
Al doleall s Juaanll Aoy ey 3 WSH) ity

x ¥ full-load kK VA = p £

- - ° = %100
(x  full-load kVA x p £) + W, + IV

Jreadll dus & X dua
t Ul oyl 8an 13) Gaaad el adl (b Lale
Cu Loss = Iron Loss

Sl Cllfwm Rk Jreanll duaig 8yl Jalaa s & 5l yamy
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Output _ Input - Losses
Input Input
Losses _ 1— Losses
Input (¥, I, cos ¢ +losses)
Let, losses/V, I, =x

=1-

_ losses/ V51,
n = cos ¢ + (losses /F51,)
_ - X 4, Xx/cos®
Bl (cosh+x) 1+ (x/cosd)
Al Aaidl o3 e e ) JSal
0.99
.o
> 0.98 /\n K
g /’—\'SAE RN
-E “\\\
£
3|
0.97
0.96
0 0.5 1.0 1.5

Full Load

Example 32.63. 4 200-kVA transformer has an efficiency of 98% at full load. If the max.
efficiency occurs at three quarters of full-load, calculate the efficiency at half load. Assume negli-
gible magnetizing current and p.f. 0.8 at all loads. (Elect. Technology Punjab Univ. Jan. 1991)

Solution. As given, the transformer has a FL. efficiency of 98 % at 0.8 p.f.
FL.output = 200 0.8=160kW ; EL. input = 160/0.98 = 163.265 kW
FL.losses = 163.265 — 160 =3.265 kW
This loss consists of F.L. Cu loss x and wron loss y.
x+y = 3265kW (D)

It1s also given that 1, occurs at three quarters of full-load when Cu loss becomes equal to iron
loss.

Culossat 75 % of EL. = x (3/4)° =9x/16
Since y remains constant, hence 9 x/16 =y (i)
Substituting the value of y in Eqn. (7), we get x +9x/16 =32650rx =2090 W, y=1175 W
Half-load Unity p.1.
2090 % (1/2)* =522 W : total loss = 522 + 1175 = 1697 W
100 % 0.8=80LkW ;1 =280/81.697 =0.979 or 97.9 %

Culoss
Output
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Example 32.59. In a 25-kVA, 2000/200 ¥, single-phase transformer, the iron and full-load cop-
per losses are 350 and 400 W respectively. Calculate the efficiency at unity power factor on
(i) full load (ii) half full-load. (Elect. Engg. & Electronic, Bangalore Univ. 1990 and

Similar example in U.P. Technical University 2001)

Solution. (7) Full-load Unity p.L.
Total loss = 350+400=750W
FL outputatupf = 25x1=25kW :n=25/2575=097or 97%
(ii) Half F.L. Unity p.L

Cu loss = 400 x {1.-"2)2 = 100 W. Iron loss remains constant at 350 W, Total loss = 100 + 350
=450W.

Half-load outputatupf =12 5kW
- N = 12.5/(12.5 + 0.45) = 96.52%

Example 33.4. 4 120-kVA, 6,000/400-¥, ¥/Y 3-ph, 50-Hz transformer has an iron loss of
1,600 W. The maximum efficiency occurs at 3/4 full load.

Find the efficiencies of the transformer at
(D) full-load and 0.8 power factor (i) half-load and unity power factor
(iii) the maximum efficiency. (Elect. Technology Utkal Univ. 1987)

Solufion. Since maximum efficiency occurs at 3/4 full-load, Cu loss at 3/4 full-load equals iron loss
of 1,600 W.

Culossat3/4FL. = 1,600 W;CulossatF.L.=1600x (4.-"3)2 =2845W
() FL. outputat08pf = 120%08=96kW=96.000 W
Total loss = 1,600+2845=4445W
n = 22900 . 100= 95.57 0%
100,445
(i/y Culoss at 1/2 full-load = {1.-"2)2 X2 845=TI0W
Total loss = 710+1,600=2310W
60,000

Output at 1/2 FL. and u p.f 15= 60 kW = 60,000 W; = ®x100=96.57%

62,310

(7if) Maximum efficiency occurs at 3/4 full-load when 1ron loss equals Cu loss.
2%1,600=3200W

(3/4)x120=90kW = 90,000 W

Total loss
Output at up.f.

90,000
93,200

Input 90,000+3200=93200W .. 1= #100=96.57%

VOLTAGE REGULATION uRidl 0 blukl | : (sl boted | & §uid ol | 2'1 1

o Jsiv o oSa Lokl ¢ ¥l Jaands dlys die Bauli) aualsall e HAT goage Jiar
S e Y ol deally Siaie Jsaall IS elgus uriy Y 4l iy ¥l 8 gl Culall sga
Lol ilal) g il LS Jsnall aea o) Ll Lllad — Jaall 95 g — a3l Jsio 25l
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voltage I 5l sgall slaiils — Tyia 05 o i (52l — 2gall 3 palia) 13 e ey
dad Al (s Llee (81 jia = VR e (3685 o quas Lylas adf e 1385 cregulation, VR
Y Jonall aga of sliea oY ¢ domdl G LS ha VR (IS WS ailallyy - %5:3 350n 8
gall Gl 8yl Bagag daddll 5ol T o5 ey ¢ Jreadlly iy

daglae Ao voltage drop Cigas ga Jenall Jrand e (553l g dad (aléds) &l
S VR I e a1y e VD = 1. (RHX) Cus Lo Ll lall ded ¢ Ul dais Jpadl)
135 ¢ i SN aga of Slael adhhl e Jeal) A1) any gpill) g e Dlay g3 il
e ey rated secondary voltage (peall (5ol aga (e i€ Cuay (55301 2ga & ol
Aalaally

VR = Vs,nl _Vs, fl
Vs,fl

Landlly Gady VI AN aga Ao dandlly piil) Gl agad) alBT) (8 yuail) Ladl (Sa
LOhesiie Glislally ¢ V2 e

Parameters A} alYs Regulation 1) s 1-2-11

A 830 ) (9aT By e il Joaall X & R o AV VR e Gaens Ailaa ) sl
11T JSa LS All) Aasdll 8ygeall dialdg lalinisind of o

Rﬁl Xm
P ,-‘,‘.‘u n'.._ﬂ-, -E'!I—n -
Zu]
v, Vv,
v v
8]
(a)

Jonall 28IE 55120 Alaruall 5ypeall 1-11 J<

Copper (e i a9« Sec + Pri ) claglic degane Jiai J<8 4 Ry daglad) of S
il () e et g8 X01q Agladilal ¢ Jaaasll (U Loss
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VR clual Vs Phasor Diagram — 1) quy 2-2-11

Jies s3s phasor diagram  auly Cigyeall Jabadal) auys o Sar daslaad) LI 55000 (g

Jas 13) Primary Voltage J) agal ; 8Kl agalld ¢ lgiary Wolidle s Jonll & Al ageall

; . .V

Logua Vp 98 ¢ Vp Ll il JaaYy )Vp =;Pu_a e muaind Secondary J) sl

4] lileas « Secondary Voltage, Vs ) aga dad Jias 4ol sdag « ( turns ratio e
.Xeq ‘_L,A:‘j ¢ Req ‘_LAL .l@;“ ‘éﬁ.kj.t@j\ a.c)m

g5l (e Secondary side) & Jes 35a9 Als & Phasor diagram I Jie 2-11 J<ally
eyl & LS Capacitive 1pals b gyall * WS inductive & ¢ ¢l i LS Resistive load
. d

llly sgall clgaiar 2-11 JS&

VR —\\ o) §59ual} 3-2-11

duadlsl) Jlaa) ahaes 3 Jlall s LS Inductive dea i Sy 5,81 daw )l e Lacie) )
Vpri (V1) 2 aasall S 13) 460 5yseall o g€ oS VR dlslee of aain

IRy, cos ¢+ I, X, sin @ 1
7

00

Yeregn =

A Aruall e (i< 5edY) sa5 Vsec (V2) sa aajall S 13 L
I R, cosd + 1 X, sing

\Y

S

VR

aainy WS ¢ Rgg - Xeq Jynall iulul) parameters_l e aaiey VR ) o Alsladll (e JaaY
(cos @) sl Jalaa e
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L) B)LaY) axdiiag ¢ lagging PF Ll o113 dalud) Aalaall & (+) Lasgall oyLaY) andiiag

.Leading P.F Ll <13 (<)

Example 32.43. 4-100 kVA transformer has 400 turns on the primary and 80 turns on the
secondary. The primary and secondary resistances are 0.3 £2 and 0.01 €2 respectively and the
corresponding leakage reactances arve 1.1 and 0.035 £2 respectively. The supply voltage is 2200 V.
Calculate (i) equivalent impedance referred to primary and (ii) the veltage regulation and the sec-
ondary terminal voltage for full load having a power factor of 0.8 leading.

(Elect. Machines, AM.I.E. Sec. B, 1989)
Solution. K =80/400=1/5,R, =03 Q Ry, =R, +R,/K*=03+001/(1/5"=055Q
Xy = X+ XK =1.1+0.035/(1/5)" =1.975Q

() Zy = 055+71975=205 £74.44°
(if) Zy = K*Zy =(1/5)7 (0.55 +j 1.975) = (0.022 + j 0.079)
No-load secondary voltage =K F; = (1/5) x 2200 =440 V, I, =10 x 10°/440=2273 A
Full-load voltage drop as referred to secondary

= I, (Ry, cos O — X, sin @)

= 2273(0022x08-0079%x06)=—677TV

Yoregn. = —6.77 X 100/440=—1.54

Secondary terminal voltage on load =440 - (—6.77)=446.77V

JUa

The equivalent parameters of a 150kVA, 2400V/240V transformer, are R;=0.2Q,
Ry=2mQ. X;=0.45Q, X5=4.5mQ, R=10kQ, and X, =1.55kQ. The transformer is
operating at rated load and rated voltage with 0.8 lagging power factor. Using the
approximate equivalent circuit referred to the primary side, determine:

1. Voltage regulation.
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Solution

Using the approximate circuit we can get:
Req =Ry +a*R, =024 (10)?+(2)*107° =04 Q
Xeq = X, +a*X, = 045 + (10)? * (4.5) 1073 = 0.9 Q

V2 24002

Fore = R_C =—lD > 102 =576 w

Pout = (I3 )?Req = (L)?Req = (M)z (0.4) = 1562.5 w
v, 2400
X = load factor = 1 (because stated at rated load)
pf = power factor = cos(¢) = 0.8 lag
1. Voltage Regulation

_ X. Srated

= | NG [Reqcos¢+Xeqsin¢]
&

_(1)(150 « 10%)
T (2400)?

[(0.4)(0.8) + (0.9) sin((cos™1 0.8))]

=2.24%

Voltage Regulation 1Y ;g Voltage Drop Y gy 234l 4-2-11

Ol Li ey alesd ae die Jesall 5 ¢ Ideal Transformer Jsaall duall
Jegs o oKan Luila (oadl Ll e 0.5% e S) Jia ¥ (g3l ) magnitization current

.(Voltage Drop I ) sgall b gl ,ils
138 10% Mia g5l Jsaall Regulation o< 1)) aif Uad ly madld Jgaall Jieat ie Ll
¢ bty Qaeatl) el Ll )5 5ed ¢ ama e 138 aulallis ¢ 10% (gsbss Drop 1 o ixg
Primary 1 sga o & oy (2) Jagiglls ANy ¢ Primary ) aga Lead (i 4T ¢ (54303l
V. Drop b die i Le gy Jeall S5 g 5e G gl 2ga (8 Jasagll ol ¢ anill das
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Vb die i Lo sag daesill duss U8 sl a6 Gany 3 Lol oo Lla cabiay

. Regulation

Joal| Juntuihi (gul O yui b | i okl | : il ok | & Gui b | 3- 1 1

D e ¢ Joaall aaad Je 55 Jalse Bae cllia

) an y8 1-3-11

L8 temperature rise I 15 Y Gy (958l a3ss S¥sae ) 223 ANSI code cilialsall (e
e dayn 30 el ajialls — ambient temperature ) s g WY1 of 6l dayn 65 e

A2y 65 e ui Vi sy — full load  JelSI Jaestl
& Oay ¢ W Al (sbiall o4 tank transformer 1 _lof _a il Hha dapy el Wle
el G Lagass .32 (30) (o (A madall Hhall daps e 4203 65 e ST wiis VI
I G5t dayn 80 e Sk aiig VI camn (I S L) Winding ) 8 Ak s Aoy

.ambient temperature ) Jic Al da )3 30

alaal Jae Lea el 3 Lkl dbaatl) ) 43LaYU ¢ hot spot b ews il Abaill o3
okl ol B el e o L adieg aailiig Jenall jae oY C¥paall Guaiiadll

Jaly 8548 2-3-11

Bs0 ilS 5l 4 (g yaallé ¢ load cycle Jb Ciyey Lo Jsnall Jaant 8 Liad 35a0) yualiall (e
¢ GAY delu (e Jlaa¥) oK1 ¢ Agn Allie Joadl Joans A lad) &5 4l JlaaY)
NV are lgale Caigy 4 laa Lals Allie Jaeatl) G Alliseg ¢ Jocdl Jocd (a5 ¢ AY ag0 (1a9
Aoy Bady FE ) il see o Bgpalls Sigie Vel sdag ¢ Blall days gl
 AaS)yiall 8y)yad)

sy Jsnall led dary A il Gn O (e g8 lin 05 of (g salld ¢ ade el
Blall da)a led paess Al cldll oy ¢ (30+480) 450 110 e Slilall 3hha dapn DS
sl sda e
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Thermal time constant uili 3-3-11

&) b aayg ¢ Byual sl Over load  saly Jleal dead o 5ol g Logae Al Nl
Thermal time constant Ll sl s3a (<5 ¢ guaall Gl agagg ¢ dadiall cull A 3gag
ity ol aas s Glels 6 ) Gfieles ) Jiay 38 lgamaid ¢ S

@y Jsnall jee e Ll 55 <) Juadall e aee b 55 Y LS Al Jelsall 238
gli)) ol ¢ 85< o ¢ dlgl over load i Gigan el oS¢ A 30 ol Gk
iy Jonall jee e oy g @l JS ¢ Lgyshig JUaed) e aes

ol cdgne Jlaalsy90 4-3-11

s @lhg over load  Jdasll 8 gs zgemall 52L31 Al Jglas Lgaal (S )yl Syl (yany
alsall s3a e sling 2,0l clsa — load cycled) J<& — sall dsy0 1 bl jalie ¢
Al = )l — Chaall Gl ) D) Jgemd v 2

OSe (& Mis gamgag in)ls oo oy Jonall S dapla 8 cl¥sadl) IS5 Hlan el aayg
Groil) (5555 Lenan pealiall 038 Gy ¢ Dia 5 ol Adje Jaly ol ¢ dand) (e g Bl ¢ adige
100 Jsse Jlaal of Baadliws s3lly 111 Jsaal) b LS rated load (35 Wil zsamsal
el sl ) Jalgal) cum 87 1 249 KVA (s #ol5w of oSa KVA

1 - 1 1 d _93.;
Transformer Peak-Day Load Factor
Temperature
Location District KVA  10% 20% 30% 40% 50% 60% 70%  80%  90%  100%
Overhead or Summer 100 205 196 187 177 168 159 149 140 131 122

pad-mounted  interior
Summer coastal 100 216 206 196 186 176 166 156 146 136 126

Winter 100 249 236 224 211 198 186 173 160 148 135

Surface Summer 100 147 140 133 127 120 113 107 100 93 a7
operable interior

Summer coastal 100 154 147 140 133 126 119 111 104 97 Q0

Winter 100 178 169 160 151 142 133 124 113 105 96

Vault Summer 100 173 164 156 147 139 130 122 113 105 96
interior

Summer coastal 100 182 173 164 155 146 137 127 118 109 100

Winter 100 185 176 166 157 147 138 128 119 110 100
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HARMONTCS wadl ik : gail ) gguidgd| 4-1 1

50Hz L) sall IS 136 ¢ Lall sl clicliae e i Wil Harmonics 3 Cajes
52" Harmonic Ju ey « 200 « 150 « 100 (gsbu culaasi W (y4<e Harmonics
S1T J<al 8 LS 1xKag ¢ 3@ Harmonic

A st harmonic
(Fundamental)

2nd
harmonic

ird
harmonic

v Resulting waveform (square wave)
after another |7 or more
harmonics are added.

Lully) cilalgl) 5-11 J<s

non-Sinusoidal «f)la g e ¢ Non linear duas ye Jlead 2gag daii calaaill 028 Laig
e 0S5 \g3la Fourier series ac)yil Gk Lelilas a3 13) non—Sinusoidal 1) <)Ll s3ay ¢
Harmonics Ju lgews Allg ¢ daliaa il g adle Saaa LY 2353l

Power Electronic  dlaic L3l jilias asag Harmonics  sels lud aal (e
seall dad b ST oS5 e Jgeasl) s (Rectifiers + Inverters) i sieal Judevices
< o9 pluses Jl sdag ¢ Pluses (<5 Ao Wl (5% 53¢aY) oda (pe 40301 aggal) oK1
. Harmonics 1) ,¢lai Ua (a9 LaY) Sinusoidal wave | _isie

¢ Non-linear load s\ 1-4-11

Al JLaYl s3a g « Non—linear load e L 3529 Harmonics 1) jaleas asf olé L <3 LS
. V - . £ . - o . £ - £
o oSl R:T Al Wl (ane Ally Hlally agall Gu Al L agl (il 2 Y gl s

Loglae of (sf ¢ lally clgall af a3 ae a s A3l dual) 34 (53 Y NON — linear J) dlls
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fotll sl 1-@ systems J d Ldad il Jlaa¥) gloil el o - Al 52 Jleal) e

Ay agageally (3503 Gl (i discharging lamps

3G sl 8 ASHd) Abd ull Jal) ae 1-0F ilss b Las )l Harmonics i
a9 21 ¢ 15 ¢ 9 ¢« 3 (4 gilicloang « 3™ Harmonic ) dx 3 (e ¢35S5 4-wire system
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Composition of fault current (as seen on 1-phase)

S trical AC t
DC eurrent tac(t) ymmetrical curren

+ A
| VAV

decays with the time constant theoretically, the current is
X/2mfR seconds symmetric along the time axis
with constant magnitude

I(t)
N Asymmetrical AC Current

- AVAVAS

VAR\VAR VAN it

resultant waveform magnitude is ~1.6 times the
symmetrical ac current magnitude
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A K-4 reading would mean that the stray loss heating effect are four times

normal. A standard transformer is, in effect, a K—1 transformer.
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Ip = Primary current N =CT turns ratio

Ip/™ = ldeal secondary current K¢ = Core loss resistance
Is = Secondary current Rs = Secondary resistance
le = Exciting current Rb = Burden resistance

lc = Core eddy loss current Ls = Secondary Inductance
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A = Magnetizing Tux
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ELMACO

Power Transformers - Distribution Transformers - Fuses.

NOISE LEVEL

ELMACO transformers are friends to the
environmental conditions. For this reason
the noise created by ELMACO transformers in
service are within the minimum level
according to DIN 42540,

THE NOISE LEVELS MEASURED AT I M
FOR TRANSFORMERS UP TO 1600 KVA
RATED POWER (K.V.A) NOISE LEVEL (dB)

25 up to 50 45

63 up to 100 46
125 up 10 160 47
200 up to 250 48
315 up 1o 400 50

500 up to 630 52
800 up to 1000 54
1250 up to 1600 56

THE NOISE LEVELS AT 1 M FOR
TRANSFORMERS UP TO 5000 KVA

RATED POWER (K.V.A) NOISE LEVEL (dB)
2000 52
2500 53
3150 55
4000 56
SO00 57

INSULATION LEVELS :

The following table indicates the testing
voltage for different system voltages of
transformers according to 1EC - 76

SYSTEM HIGHEST | POWER FREQUENCY | IMPULSE TEST
VOLTAGE (K.V.)rsm. | TEST(K.V)rms |VOLTAGE(K.V)PEAK

1.1 3 8
3.6 16 45
7.2 22
12 28 75
24 S0

36 70

300 KVA, 2204 KV TRANSFORMER

Power Translormers - Distribution Transformers - Fuses. £ L. MNASH THANSFORMERS »#

24
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g Gnin badll lgs 3y ¢ HVDC Lagha ye Lelas oy & Inverters oladiul, DC ) AC
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+ 215 kv

Upper level
valve group

DC system

AC system

Filter

Lower level
valve group

AC system

Filter

Upper level
valve group

- 215 kV

2-12 <&

AUTO TRANSFORMERS uand| i el ey 3 = 1 2

S Cale S adg Two winding b Cagyeall ga oY) Js QUSH 8 oliya (63 Jgaall
Clall (A yar oA (mdll PR (e Lasdalinie 4 Jeaiia 4K ¢ (g3l Cale (e Lol LS Slatia
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HIGH VOLTAGE SIDE
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1 \ TAP

CONNECTION

LOW VOLTA GE SIDE

Auto d_gu 3-12 I

412 UKD 3 ) sl DR (e gagh (S sl (e g5l T3gd dalall 5,5l

B
400V E
50 Hz

C C

Auto ) Jsaal dlaue 5yl 4-12 (<
400V 5)38 g daleg ¢ (suan i Jon Cigile ¢ 42 200 a3l aae BC il lual (o licaja 5l
Laal ol .4d JSI 2V 0)88 aga Wl o) Jsi of aodaiss UKD 138 (g .4-12 JSAN 8 WS
OsSams D Caiiall (3 E gl ¢ clalll sae e bt E b aga 8 E Al o (e Tap
. 200V lasgs
Two-winding Tr Jene (g0 Auto Tr Jone Mo Jguanl) 1-3-12

oWl o e 1368 ¢ 10 KVA aiysg ¢ 200/100 V sxga 4l sole Jsne Wl o Lt
T00A (sSus (aidiall agall dga & iedl il Law 50A S el agall 4ga 8 Rated
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6-12 J<&
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sl AUt I s o Ledla st ding (8)38l) (i 4l) (ool Jsne o cablE ol o (e ¢ Lad
LS sl
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ol iy (Np il sae yiieiny SlaY) Caldl 8 AC eiall i sl 6-12 J<a) 8
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Example 32.94. An 11500/2300 V transformer is rated at 100 kV4 as a 2 winding transformer.

If the two windings are connected in series to form an auto-transformer, what will be the possible
voltage ratios ? (Manonmaniam Sundaranar Univ. April 1998)

Solution. Fig. 32.66 (a) shows this 2-winding transformer with

rated wimding currents marked . o—» }Ex EE‘ 0 aap
Rated current of 11.5 KV winding = 100 x 100/11500=87 %A % = = b,

Amp ) S 8 b
Rated current of 2300 V winding = 43 5 Amp 115002300V

Fig. 32.66 (b) and Fig. 32.66 (¢) show autotransformer Fig. 32.66 (a). 2 winding transformer

connections. OnH V. side, they have a rating of 13.8kV. OnL V. side, with connection as in Fig. 32.66
(b), the rating 1s 2300 V. OnL.V._side of Fig. 32 66 (¢), the output1s at 11 SkV.

Thus, possible voltage ratios are - 13800/2300V and 13800/11500 V.
‘With both the connections, step-up or step-down versions are possible.
Extension of Question : Calculate kVA ratings in the two cases.

A, B,
glﬁ.? amp € 143.5 amp
| 3, 52.2A
B L

B, 52.2A
13800 V é T 13800V Y > f
435 AT 11500 V 8.7 ampI 11500 V
B, ¥ b4 & ¥
Fig. 32.66

Windings will carry the rated currents, while working out kVA outputs.

In Fig 32 66 (b), Input current (into terminal 4 , of windings 4 ,-4 ,) canbe 8 7 Amp with H V. -side-
voltage ratings as 13 8 kV. Transformation ratio = 13800/2300=6

Hence, kVA rating = 138x87=120

Output current = 120x1000/2300=522 Amp
Current m the winding B,-5,

= Difference of Output current and Input current
=52.2—-87=43.5 A, which s the rated current of the winding B,-B,.

InFig. 32.66 (). Sinularly, transformation ratio=13800/11500=1.2
KVArating = 13800%43.5%10 > =600
Output current = 600> 1000/11500=52.2 Amp

Current carried by common winding = 52.2 —43.5=8.7 A, which 1s rated current for the winding
A ;-4 ,. Thus, with the same two windings give, a transformation ratio closer to unity gives higher kVA
rating as an auto transformer.

Thus, a 100 kVA two winding transformer is reconnected as an autotransformer of 120 kVA with
transformation ratio as 6, and becomes a 600 kVA autotransformer with transformation ratio as 1.2.
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Gl Gulaill 23S o)) (2 53ds Ll Vsl (e Cpesill US (3 Lerdional) (ulaill 2aS 45l
sl (Kar taa ey N T apn dials ae i gl (ol ¢ lall 5ad gy calal) Joka aa
Al Y aleall e e sill 8 ulaall daal

Amount of copper required in an autotransformer NN LN LT
Amount of copper required in a two winding transformer - NI, +N, I,
Noting that Ny, =My Iy = =2Vl
2N,
N -N,
= =

471

st Lagin Aptll o ) Juaind @ = Np/Nj Lieadiad 4l

Copper in Auto Tr
=1—-a

Copper in Traditional Tr
&b sl oY alael 5l culS LS sya AUt Il cl¥pne b il Lo culS LS 13 e
&N zas Wl ey 13¢8 500:400 (g5bs Die Jagaill Gy culS gl ¢ 58T (56 Glly Gulal
sty Ligail) Apst Mia cul€ 13 Ll ¢ oalall aliie 8 deodial) Gulsill LaS e bt %20
Lot 223 Y AUtO 1) c¥sma o (8 Canad) g8 Vaag ¢ Lupi cpe il o 353 Y 4l aaid 500:10
3:1 Hslam g Jagail

1-12 JGa

ad caa) 100A Jasdl Hlig cilsd 400 9lll 3gay <t 500 2 Slal) aga IS 1Y)
solaill (8 3ol (gyililly (Al b ol

Ny 400
=N, Ts00

I, = al, = 0.8 x 100 = 804

Copper in Auto Tr
=1—-a

Copper in Traditional Tr
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Jsaall d Guladll (3 e (0.2 = 1 = 0.8) (gsbow AULO I Jsmas (sl (15 o a3 Lgiag

C 812 K55 7-12 U< L LS 3-phase Jgse e Jpanll (Sag

- -
= X —
= -
W F =
- -
= § :
o z
Sl a
) by
S3 3
= z
[ § -
m =
=
I

3-phase transformer
P 3-phase auto transformer

Nxy=200 & Nzy =175

Ay
v ®
: =
= E
2 — .
é‘ e 3 — phase
= output voltage
—
|
Lo

3—phase Auto transformer Jg=a: 7-12 J<a

214



cNgaall (o daldl) £ 15381 1 de G Juadl) Laesl) 5ol cisaa B paal)

!- pHuse primary l!-mrel

>

Zz [ |@

—1_ 3-phase secondar
= (4- wire)

3-phase Auto transformer Jgsa: 8-12 <&
. Auto Tr A} cuYgne culalaning 4-3-12

93n A i a o Jeaall i) agall il 8 (68 ClYgall sda cilaladin alass
03) e ply Aamat N Sl 28N Jalial el agad) izl B B3gage Lol LT ¢ A
o3 b adl Lo (CusSll 8 132 4Suig 300 4S5 5l juma 8 Mie 220 4<i ) 500 i<
1 A3 Ul saam Y olas dasdie Turns Ratio ) (eSis Al

A a8 aSaill ey 8 Mie addiuy Cua (midiall agall L8 sS8 aslaladin) (il (S
sl cuft e Jaxd Gus ¢ Stabilizer xall cudi seal & o Induction Motors
cAUto ) cNgae Dyl ey Sl gl

OsSa9 ¢ 9= 12 JSall A LS clgd 12 aga piva 9igay daig iSH) 8y o (sginn g Jonalld
255 Cumn ¢l e o Wysaa (B K5 Ailshanl dia o jotiie Qb Jsa Cagile Caldll
12 AS)a anlimig L g i) Bk oo gigall Gl lgilyen (B Sty ¢ Alggun adsa ilalal) Lilghan
zoae Jenall (ol clgal) (las f 5ol aied oSl 5800 e 4l z)lad) Clsdll pe Layka ygial
Olaiilly B3 (ases (n G G AL Ligeae il Gl dbany lla ) nge cilsh Al
LR el slaw o salge il Y el Ll Al Jasy Lae Jasall ) Jaal)

215



Ngaal) (e daldll £ 153Y) 1 jde A Juadl LSl sl g (B sl

9-12 K&

oy e gl 2aaie aga e JsasllVariac agall jui seal G AUt0 ) Jsae aadig LS
L 10-12 JSa s LS du il

Variable transformer

multi-pole
swifch

T

10-12 J<a
: Auto Ay el ealb) ) jua 5-3-12

MCM\ d:\a.ﬁﬂj\ JJJ;‘;MJA EJJ‘; [ )
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(Fitzgerald <€ 0 ) 2-12 JUs

The 2400:240-V 50-kVA transformer of Example 2.6 is connected as an autotransformer, as
shown in Fig. 2.18a, in which ab is the 240-V winding and bc is the 2400-V winding. (It is
assumed that the 240-V winding has enough insulation to withstand a voltage of 2640 V to
ground.)

a. Compute the voltage ratings Vi; and Vx of the high- and low-voltage sides, respectively,
for this autotransformer connection.

b. Compute the kKVA rating as an autotransformer.

¢. Data with respect to the losses are given in Example 2.6. Compute the full-load efficiency
as an autotransformer operating with a rated load of 0.80 power factor lagging.

Jall
208 A
. I
2288 A
o b VH: = 26‘4{' V o —
+ . .
V= 2400 V g %lzn.aa
_ A _
o o] o 8
b s e
2288A 208A
(a) (b)

Figure 2.18 (a) Autotransformer connection for
Example 2.7. (b) Currents under rated load.
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a. Since the 2400-V winding be is connected to the low-voltage circuit, V;, = 2400 V. When
Vie = 2400 V, a voltage V,, = 240 V in phase with V,,. will be induced in winding ab
(leakage-impedance voltage drops being neglected). The voltage of the high-voltage side
therefore is

Vi= Vi + Vo =2640V
b. From the rating of 50 kVA as a normal two-winding transformer, the rated current of
the 240-V winding is 50,000,/240 = 208 A. Since the high-voltage lead of the
autotransformer is connected to the 240-V winding, the rated current I at the
high-voltage side of the autotransformer is equal to the rated current of the 240-V winding
or 208 A. The kVA rating as an autotransformer therefore is

Vali  2640(208)

= = 550 kV.
1000 1000 SOKVA

Note that, in this connection, the autotransformer has an equivalent turns ratio of
2640/2400. Thus the rated current at the low-voltage winding (the 2400-V winding in this
connection) must be

2640
L= (m) 208A=220A

At first, this seems rather unsettling since the 2400-V winding of the transformer has a
rated current of 50 KVA/2400 V = 20.8 A, Further puzzling is that fact that this
transformer, whose rating as a normal two-winding transformer is 50 kVA, is capable of
handling 550 kKVA as an autotransformer.

The higher rating as an autotransformer is a consequence of the fact that not all the
550 kVA has to be transformed by electromagnetic induction. In fact, all that the
transformer has to do is to boost a current of 208 A through a potential rise of 240V,
corresponding to a power transformation capacity of 50 kVA., This fact is perhaps best
illustrated by Fig. 2.18b which shows the currents in the autotransformer under rated

conditions. Note that the windings carry only their rated currents in spite of higher rating
of the transformer.

c. When it is connected as an autotransformer with the currents and voltages shown in
Fig. 2.18, the losses are the same as in Example 2.6, namely, 803 W. But the output as an
autotransformer at full load, 0.80 power factor is 0.80(550,000) = 440,000 W. The
efficiency therefore is

803
(1 - m) 100% = 99.82%

The efficiency is so high because the losses are those corresponding to transforming only
50 kVA.
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LV terminals Three-leg core
m armangemem: Made of gaérgonemomcz:
Spoual version: Bottom, nations insufated on
avalagfum request at both sides
axtr
bl 7 Resilient spacers
HV _leminls . = ¢ To insulate core and
Vanable arrangements, windings from mechani-
for optimal station design. cal vibrations, resulting
HV tapping links on low- - in low noise emissions
voltage side for adjust-
ment to system con- = HV winding
,‘:‘mﬁg’:‘d state - : Consisting of vacuum-
H potted single foll-type
Cross-flow fans ’ E aluminum colls.
Permitting a 50% in- - | I
crease in the rated power ' :
: g E LV winding
Temperature I_N‘m - T Made of aluminum strip.
By PTC thermistor detec- I Turns firmly glued
tors in the LV winding i _together by means of
Paint finish on ! SHRSN St e
steel parts
Muitiple coating, i
SALY0Q Oneauset: Mtuo o cpniy sl
wo-component var
o hot-dip galvanizing and quartz powder

(for particularly agaressive Makes the transformer

environments) maintenan(:‘e-tf'req. "g;}:
5 ure-proof, tropical
g:‘;: ::u E2 - flame-resistant and .sg'e"

X!
el (s e e it
stalled out , degree Cl frame and truck
of protection IP 23 must Rol:;s can be swung
be assured) around for lengthways or
Fire class F1 sideways travel

* onloed tap chargers on fequaest
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TYPE OF COOLING LOADING CAPACITY
ONAN 100 PER CENT
ONAN/ONAF 100/133 PER CENT
ONAN/ONAF/ONAF 100/133/167 PER CENT
ONAN/ONAF/OFAF 100/133/167 PER CENT
ONWF 125 PER CENT

OFWF 167 PER CENT
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- ]
test, Iron Loss test, Load Loss test, Impedance test, Phase-Displacement

Open Circuit test, Short Circuit test, etc

Routine Tests sy ) i) j\is Yy 3-2-14

Lgitial (hag ¢ 8,Soa Jabpe (8 JSLia () COLEISY ujg pum il lidY) o3
Oil Dielectric test (1)
Gas in Oil Analysis (2)
Moisture in QOil (3)
Megger tests (4)
& Loss I Ly ¢ Aiglaall uldy ¢ calilall calagliag ¢ Jagaill A culyladl Load giag
ea S Jaall Al
aol\d @l i) 4-2-14

-] aaa Jlaals o bl ae Jalul laal 5 el andd las) G

Sequence of Tests i} jLid Y o§ ) cuiyi 5-2-14

o e 53 Sequence I (il Loyl cilicalsall cadas 38 ¢ HLaY) el diylal ALaY
A e e b Lag ¢ chlaay) 4y an

1. Tests before tanking:

. Preliminary ratio, polarity, and connection of the transformer windings
. Core insulation tests

. Ratio and polarity tests of bushing—current transformers

2. Tests after tanking (final tests)

. Final ratio, polarity, and phase rotation

. Insulation capacitance and dissipation factor
. Insulation resistance

. Control-wiring tests

. Lightning—voltage impulse tests

. Applied—voltage tests
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. Induced-voltage tests and partial-discharge measurements

. No-load-loss and excitation—current measurements
. Temperature-rise tests (heat runs)
. Tests on gauges, accessories, LTCs, etc.

. Sound-level tests

3. Tests before shipment

. Dew point of gas
. Core—ground megger test

. Excitation—frequency-response test

4. Commissioning tests (2Dl aie) Judill oy ciblinal

. Ratio, polarity, and phase rotation

. Capacitance, insulation dissipation factor, and megger tests
. LTC control settings check

. Test on transformer oil

. Excitation—frequency-response test

. Space above the oil in the transformer tank.
138 (& LAY g Cigan SIS ¢ s e ST 8 SHLEAY) Gans o ealsll e
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) ey
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« Insulation Resistance (IR)

« Polarization Index (Pl)

« Dielectric loss angle (tan s )

o Partial discharge tests

tlea Al (e g Ll agal) il
o Frequency response analysis

« Acoustic emission tests (in conjunction with partial discharge

tests)
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SN 1000 g Lo derdivadl) Laladll 0585 o)) ag 538 C¥pad Lanilly 5+ jede ye LAY
.calss 10000
SLIRYY See clglod 1-4-14

iy Jsaall e peSH Lall st Yol cany —1

il Lae dlaulsy lldy ¢ Jonal) o daSliie 0585 Layy 2000 clind ol gy cang =2

clinill Solagiol fois 3g3e IR A Guld Slea aladial

LS Gl (59 (e Lagal€ 3 short Jae ae HVIIS LV iy oy Vsl daslial) (b o3 =3
=14 J<an o

240



Csaal) hladl @ de all) Juadd) dgsl) sl Cgaa (A aasal)

QTemporary short for the duration of the test D

Primary Secondary
Winding Winding

Insulation Resistance 1/ il sia: 1-14 J<&

Guns ¢ LV (i pe oS8 ¢ 3aludl i short LadiSs LV s HY (s daglaall uls —4
b AY) Gylll Jag Wiw Shorten HV L Megger Al caagall Caylall Jeag
.Grounded LV

LV e Y HY (b ae 5laal) e ael =5

M\i&t\ &A,\A\ Zu._l,s “3-9 CL})S\ Q9o )._l:'lh 2-4-14

GsSs Tank Jb <y agag & HV ¢ LV clile o dagladdl ulal DC Voltage aladiul vie
plasiu) vie Ll ¢ elogll daglin e el canll daglin oY Cury 3 pae Alla b lgia ef daslial)
agleal) Jad oy lall G (i€ € Jany cuill 8 AC voltage

aw\ak deg\al) daid Mo §4) ) 3li 3-4-14

¢ Blall dayy s daglaal) dad el 1alg ¢ Jiadl daglia & Lle ADe gl 5))all
2MQ (g5bss Lusliall daglaall cilS 5lé ¢ Augia cilayd 10 )28 o Ul ae il (55 J3all o gliad
2l 10 xie 4AMQ (gsluins Lad a5 ¢ 4250 30 aie IMQ) (€ gild 350 20 xic

Polarization Index auwlak) deglah) aas o (o ilY ili 4-4-14

(1 min saal Sleall aunsy daglaal) (ulis Wllad 13l ¢ dulaad) a@ll o 55 Lagd ad Gul@ll o)
wlie ey 13ag polarization index acu) Jalae cawan &3 10 MIN 3adl daiagy (i &

il Gl S LIS Ry (e duji Ry cil€ LalSa Jhall dagleal o) Cileall

L) VAT CDlag puen s B UK,
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Mezohmmet er Transformer
H X3
& L F Hy A1
o o o——J M X
X,

o
Hy X3
6 L [ Hy Xy
o © c:——l H, X
| %o

|GR.D

.................... |

. Hy X
& L E ! X
D ::] 0 ........ 4 Hl _xl
| %

|G‘RD
H_a [ ] XS
¢ L F Hy|l » Xy
o0 00— o e X
1 1

| %
'__]T_azw

DIELECTRIC LOSS ANGLE : guilial| J:yukel| 5l | 5- 1 4

OWEaY) 138 Luealy . DISSTPATTION FACTOR L ewss ¢ tans ) 5lasly Load awwg
Skilly sgall g ghll el DIa e @iy ¢ Jiall DS 8Ll 388 (s3al daialy 5L8) Jans 4
=kl sa5) Jilall Lalal) (Power Factor) J1 s dushill a2 Cos o cumg . Jiadl Dla Ll
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I —

Load camn Cun ¢ Al Lpcntll Caels Uin eg ¢ ((Load Jb paldll PF ) e Ll Cabiis

power factor test _

a9 i ideal capacitor adselll CESAl & L Jualill aad ZUGs3 dkall sdag
oo sl e 058 R Aaglie @lligh aasll B W ¢ daglae sl 50 bt Capacitance
iSAl) d8glaag daglaadl o duall 4 Dissipation Factorly . 2-14 J<all & LS C )

C real C ideal R

[ > A \AN—

i€l A5 syl 2-14 U<
S LSO o W AS APl Gl O (p Dl DA Ly agall g gl calS 13
Lia (a5 ¢ COSO dad (o Lilad & tAN G Aadly . Jaa Syt ()5S aoally 89 ¢ 3-14 J<a))

oY) 13l sl e ST Gl (<

B
-

O WAL Lghll 500 Bl P Hlally agall o ghill : 3-14 <
zsbig « power factor I Luyi (g5lus a9 Dissipation factor. J| b tan & il Gy
Bl gy OIS 13 Wl ¢ duadl IS jaall e il WS adalliy ¢ 0.08 = 0 ¢ bl Lt
Adle tan g dad eShud € add azally ;o
Dbl Jlally agadl ¢ duglill Sleadl Gui G ¢ HLEAYT I dae AiS miagy 414 JSall
il BV Sl ca Jpel s U Jpalls spemially ¢ il D
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Test voltage

i

LV lead

L
=

tans I sl Jee 4w : 4-14 J<

Caya) Al CallaY) G dasliall uldy (miiially Jal) cilall SIS iy e Short s 553l
:( Earth o)l Jw E

HV - LVE
LV - HVE
HV- LV

pas s ¢ Dl Sl dgan 8 Lghad (<59 ¢ tan o wld xie gl s & Capacetance
cJgnall dausg
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PARTIAL DISCHARGE : coaedlabll Jiyitel| 3 lutmi | 0-14

Gany o a s ¢ Ol & Bilsal) B tghn g ol dems i aghal A LAY 1
S Jlad) dady ¢ J3lal ehial e e3a ol & Partial Discharge, PDJ) glgil (1e g3
- JalS Ll N PD (e abigail £81S 05 o (S )

LIS Cnaall (e 139 ¢ cuil) Jals e (g s g il dasy of Laad (Ko PD g
Aughay 3535 PD I Claad aaly + gsiall 138 4 G 1S (e (065 Layy 2L 3 il e oY
il d9ag gl ¢ Dbl J3lgal) A puieal e dais Jiall 6 caAVity sgag s ABL J3leal) b
Sl fault Cgas dag (dnaea clial/ 28l)

B ol e We Ly ddguall daphall g dujesll daphall : PD o (ggine Ll izl b
Byseall alail giall 138 Llgs 8 Legumyel S0 cllasdl)

PD uluall au 8y day oty 1-6-14

Badll o2 (g ¢ @) gl piiat age dagi Bushings ) Jie g ddlss 8ead Ll o) b
gsmasall 3gall 13 Ll PD ) 1aa iliass « partial discharge &y b caall 3y
LS Bl L ysia Gahaal) agal) (6K igaal) 8 PD. ) fay s lsyss Jondll e
e (300 30 (Joa) ol La asage gl iy el Ciaa ) deary ¢ J<al)
b el (63 Nl (S8l LS ALIS Aol Badd ety dliaal) Cacaly Bye on ) (aiay

SLaaY) 8 Laayl

Transformer under test

H.V.
N
R r
Supply
¥ y 3 phase
200 Hz
B b " | T.V.[TV. TV

Partial discharge meter
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|

Test time (30 sec.)
Enhancement voltage /

(2 x Ur) ¢ One hour PD measurement voltage
[l One hour (1.58 Ur)

(1.2x Ur)

Ur = Rated voltage

g WY DI e elld CrdiSin aadallg ¢« Inception Voltage 4ol agas sda culgdll dad  andg
S Jladll oS agall e dagdl) o3 wie a3Y 5-14 I 3 LS il lal) dad b
138 s Allaay) Jyad) Al Ji &5 (e Boadl) 5 (5058 (ol bridge dllia muasy Jiall dad
adaiill 038 ey PD ) Ciigy s Liay® sgal) add 8 Tas sy «lall dad adifig (55U
i 1368 Jaail) sga e J8I Extinction V 1) dad calS 13 o) (Extinction V. Casill agas
3¢ (e sl cul€ 13 Wl Gaigy o PDL ) o e s (0 Joaall e s By5had 35ng
slidl el gall e @l o GliSe poi Wil BaaY i Gud dgagdll PD i Jaaial)

PD ) e g ) Lisil) uld

(Lxey iads « Pulses. 1) (<5 D) Lad¥) 13 e lgple dhans Al Cilasheal) o 1l
PD I 5shad Lo hasad Gy elld S

0.8
1 1 O T SO
0.2,

S O Hy-i O LR
TN 1 - SRS Ut SO
a8l :
08

3 4
Tire {uSac)

PD uliall gl &kl il : 5-14 J<s
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PD sl duigualy dayylaly 2-6-14

4 8eNSors auai (K1 dumulall Cagylall 8 dendll 8 (ay yodall Jesall ol Ayl sda ua
~))lif sensors s Jujs ¢ baie PD Gigan 8 andy Al Jeaall s e oSLY)
noise _li filters (ass Ysl pstl pall 3 LS jiguesSll e Electric analyzer S Jlal

. PDA) oS aaasl sensor ) 4 aag 1<e JS (e 8)lgl) daliaal) clan pll Jalas o

ey il g yal) J3e 808 3-6-14

IS hLEAYL 4358 Aaglia (o a5 ¢ enll pe dilile A Chnal ety Jiall 8 pasiendl G35
b gl s (e 0S8 Bpsll (B jsbliad) liia o Cigonal) Gag Blad len Y (s 5
o=l g ¢ anlsl) tgiad) B lilall o3 aae Jaugie Guits PD ) lasls ¢ Gsll cilisiad 343l
o deait 5Lg¥) vie W 1400-1000 353s 8 base 05 waall Jall Alla a8 ¢ yanl) pae
a8 200

CHLIAY) pe Auilil) ds gaaal)

ki Sl ke i alyir! [ - 14

Gy o e ) aseal) AST Jlad) Jaas e B ga LAY (e e sill 038 (e Caagl)
Baal wiipall agall aleat ()5 aslalliy « adipall sgall of (galall agall elps Luadlsll slall 3 L]

- Gy LS By dia)
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cgaall clad) 1 de adlll Juadl) A pgsll (oRl) csaa (A el
1
Applied Voltgae Test (High Pot. Test) _\} ,lui}1-7-14

Winding JS le « 2V i « Line Voltage JI Casca Lujis (golow 3¢ aai Sl 12 &
dads saal (M J<al 8 WS Low side I e gl 55 High side ) Lo 50 (5a0)
¢ 3-phases )l 1Y 2 s 13 ade Llee jelanw 53 2gall 13g) Phase JS Jaas asil
sl e Phase/Ground Fault &isas xie 4l ki Two-Phases .l Jexy Jsaall zasly

. Transient Reflection daii agall doubling &saal (535 L Phases |

agall Ghhal e 5y ol S of (Kag ¢ withstand voltage test L LoVl lia aug
LAl JKal 8 LS it agall Galhal e (5)al 5ya9 Allall

SlaaY) (U Gl Leakage current ) ded Jass g 4l 60 saal HLodAY) Gula (5
el 5 Sl 538 duaiiie Al Al 5SS e (il O Lolas sy (3

Control unit AC or DC Hi-pet Transformer
test-gat undertast
i_ _________________ %_ T Hs ?
|
| H 2
| TR S B B S
! - L |E X,
—1N | e - .f’wI?‘- l S
—) DL ity %
120V | L :
a0 Hz T _____ — Transformer case
{a)
e é —__ | Ay
| [ X,
|
| IR -
| ; : 1) A
SRR .
=y W g X
=) ! LF; ) PG VAl o
120V | L |
BOHT  flvrosamiion rireriui b nnfens S i s e et DI Transformer case

ST Gl Dliad Galdl) dilgh ok o adiay jload dabied) agal) jlaia o ) 5)L3Y) Haads
132 cale Wl . g sU€ 70 anle Tl il b€ 33 1) Calag ¢ calg sUS 28 anle Lalis clgd
s calgh B 50 ade Lalis clgh L€ 400 I Caleg ¢ cilgh 1< 140 anle daliid culgh 6lS
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i e e e e
G5 iy« graded insulation  — zjie Jie Lagd s LS 4005 132 il of LY

cCilell Al gal) Chaaia (g ¢ U8 LS HLAaY) aga lake

1- Connect hi-pot test set between high-voltage winding and ground.

2- Gradually increase test voltage to the desired value.

3- Allow test voltage duration of 1 min, after which gradually decrease
voltage to zero.

4- Remove low-voltage to ground jumper and connect hi-pot test set
between low-voltage winding and ground. Also connect the short-
circuited high-voltage winding to ground.

5- Gradually increase test voltage to desired value.

6- Allow the test voltage duration of 1 min, after which gradually
decrease voltage to zero.

A b daiag g ale Jonalld HLas¥) ol Jyall L) chany ol 13)

. DC ) lge paiin ¥ cilsh 1€ 33 e eVl cNgadll @
Byl Blaall Glblee 2ay dadd aadtiy aKlg routine tests Jl aa Jan Y ladl¥) s @

Induced Voltage (with partial discharge measurement) 1\ )\.\.h\ 2-7-14

s¢all ags alay o5 ¢ OpEN (6K (sl o oo (3 ) e e g i Al sda
durn—to—turn Jie sasa Hoail addiddl e )

sl High Excitation. 1) cuw jloay) (Ll core il saturation caasy Wi ecas Jiag
- 200 Hz (6 ) 8 5 ¢ omndall o el 2055 4l Wlle lagas padiias

L) Jaghad aaf 8 adad ) (yeny 8 Jeall Alla 8 Jonal) o ) LAY 13 Dasal maig
il Glage Heedh A cundy Lae resonant effect salls Gigan ) 05 ey ¢ 4k <l
138 Al Ciela U Gas ¢ il Caen @l IS 13 Jsnall jem 38 Adle 4030 <l ddle
oyl

O ) 5l o Gun laa aie 4] Jsaadl Jilse e Anldl) Cilasadll (o (andll 13ag
lagdall @l Adlsgl) lgadl) CLES) IA e GAY) Cilkpdally clidall oda g calall i
ol Al 330 o G ¢ Aadiioas (63 Alall L300 53 Jal) ) Anlsy 2S5 g ¢
Lilsell Dlgadl) dalaie b spark Gagaa (535 lae = Dlgall ciaag o) — clsadll ells e 5ady
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I —
Shiin) 8 Q8 38 Jonall ias A sda g ¢ pandl) s)gal & e i Gigan ) 535

. pand

Impulse Voltage 1) Ll 3-7-14

Gahn Cuaimpulse ) jlad) g dabdal) aseall die Jiall 835 (andl galay (o) GBI jLadY)
238 G ol Sl 3yl caw high transient ¢igas slSladd @llis las Bag sl laa e s
Al b ekl o e sle
&l ( Basic Impulse Insulation level ) ( BIL ) Jje cuguio (bl anding LY dag
Gelpall = 180 LS — A sgall b raalid) UV dass e Jonall Jads Jilsall 5)08 sany
o Juasilly duadll Gillee 5 3511 jai€ aliall sgall ¢ Ul jslias (o (AN jrae g
- Jgnall
daly clliada
Impulse s¢a dasal 4y Jlainl Gl danils (e A e LIS Scage Jsaddl 9IS 1Y) @
O LS Aighae 0585 DUSH (Y Dk Tas St 0058 Amls alse sl dielaa e a3
aial) agall dage 808 Cilaaly (g Glo Adlsell ashall e ST 53 Ll COUK
. Impulse
- Lglladll Joaall Jie 508 (i e Wl g ¥ Joaall Lleal Gelgaa daile aladiul @
ol e ( Traveling Waves ) Lall le dlal) dase JS& e Bale jedi elgall @
- Jsnall e Ka Ll 0585 Cuns (3elpeall daile g
oty Transient agall 3 yle g la)) ) 508 duagll 5 diadll Gllee 5350l jad @
dalsall 5 elsaall o 233U agal) 5ol Wi« ( Natural frequency ) a<uill a5
LAl 235 e IS el 2055 Ll (58 dugal)
Sl ALl 58S eS8 cYsaall 8 ( surge Impedance ) duedall ageall digledll o
& Bgera) IVl lgie dilall clsaall Alls 8 BT ag . (gl laglaia cilisSa
il G Bygerall VAl B Lgie JB A8l cVgaall 8 BIL das ()65 13g) 5 sl
Db sy Y s LAY 13 il g yeal) Claalsall (385e Ggalaal) agadl sSe of agal) (e
oo Ble sale (< Surge Generator ;e ade deast Jall sgall 13ay .ol jaex
S sl S o5 low voltage jaas (e Ry A (g)lgall e agind oy CldSA)) (e Ao gana
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¥ saall Clis) e bl Juadl Lugl) 5ol csaa B paual)

O g B3l bl ae Ry 3D DA el sgad) e Jomsil dand abal) Sleall 3 sl

6-14 U<l i Ls
Cloading
be— IMPULSE
[~ VOLTAGE
METERING

-+ |

DC CHARGING SUPPLY

R, = Series Waveshaping Resistors
R, = Paralle] Waveshaping Resistors
R, = DC Charging Resistors

C, = Generator Stage Capacitors
Ciooting = 10ading Capacitor

Surge Generator ) (<& : 6-14 (<&

s Jo¥) : oplad) La Ll 4l Gua ¢ LEaY) pg e gl dasall sdgl kil (il
=14 KA B edan 4l Simulation Jeal dexiiuall 44l Lightening Impulse Test

CREST

VOLTAGE
100% f---- ,

HALF
VOLTAGE

__________________________________________

VOLTAGE
g

1.2 5(:)
TIME - MICROSECONDS
Lightening Impulse Test & daxanual slay) <6 7-14 J<s
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b caatll ) Ji 5 ¢ 1.2 PSEC ey iy peak il sgal) (i UKl (e el 98 LS
irn 30-5 ow Al 4 GsSig ¢ Jiall siue Ao peak ) dad Cidgng S0 psec g
e LAY sha) oy 1 Aagdll Ayl Jnall oIS g gl sy Jiall (el 2gal
Jial 814 I 8 dssall paiis Cua ¢« Switching Impulse Test sga Jl ey Wi
cabian Wasly ¢ dalal dagall e JSEN 8 DLlE Cabias s High Voltage Switching cugas
. Switches I les x 56 e (Lhall) @yl ik cdbay a@ll b 1)

VOLTAGE

100%

90%

CREST
VOLTAGE

200 ps
Minimum

HALF
VOLTAGE

~—10p—> _ TIME - MICROSECONDS

Minimum °

1000 ps
Minimum

Switching Impulse Test & daaindll 5ylaYy) <60 8-14 J<a

Jonall dga s LAY 2ga o 3080 die Sli€as IEC ) Clialse (0 35ale 61 Jgaall
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|
Table 2 — Rated withstand voltages for transformer windings with

highest voltage for equipment Uy, < 170 kV —
Series | based on European practice

Highest voltage for Rated lightning Rated short duration
equipment U, impulse withstand induced or separate source
voltage AC withstand voltage
kY r.m.s. kV r.m.s.
kV peak
- —20
3,6 10
40

7,2 20
0

12 28
T

17,5 38
95
u——— 50
125
145
= — 70
170
52 250 95
60 280 115
72,5 325 140

380 150
100

= 450 185
123

- 550 230
145

650 275
170 =

750 325

NOTE Dotted lines may require additional phase-to-phase withstand tests to prove
that the required phase-to-phase withstand voltages are met.

J ol ) iy e | : el | e il 8-14

lebag i Led ¢ chlaaVh Lals desene 4l 081 ¢ Jonall 8 Laddiuall Jilsall aal g8 w3l
bl Jileal) pasd ce cabias Al Aalall Lgdlud
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cgaall clad) 1 de adlll Juadl) AngSh 5ol cNgaa B el
aia\) 884z )\ 1-8-14

Cosbud 3 Uadll Y ¢ a1 8 dle ddaall sdag ¢ Jonal) (o die 38T canll i) aaes fas
c day Slaasl) Jasal) 8l st (e lgade Jeantin ) 800 e Las jigus Aual) 32
cpeall LS cupl) Gl BY Gald zae 355 ¥l miang

Transformer
Valve Plug

3 Synnge Valve
Auxillary Sampling Valve

el due g BBES gl ) dilsudld ¢ Jonalls agngall Jilall gg e Ll 32T (IS aas Ciligug
a8l dlia culS g Ay Joadd) dad e Lgine 335 of Gaay Askarels J) e mosia 2als (00
Aladll QL) A Jaaid Aol cpe disall 32T 120 ¢ e AEUS JiT L sabains Lgild il Slia olue
= elall ang o = el (g sibad oLl e B LgUS ola mineral 0l Ayl cagil) W
 Jsnal) Jadd (e dadl 335 130,

cubadjle LAY Yoo sic clblin} 2-8-4

Adlos el g (9 gl Ak T i ol 48 @
O g ¢ Lled) wingh (e ae 20 (ggise ) ey s pandl) sley B il (S o

Baal Gandll Slea o elesl) ol 5. Al cileli ¢S pia 3 JSAIL Sl (gyn
Alss el agag e laal L S dady 15-10

el (e Lehoadas (LA st Taghos L) aial (AL daLi
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Oil Dielectric Strength Test cui)aljle ;L) 3-8-4

QS 8 iy il (e Aie 3858 ¢ Adlad) dpeall Cull Jast 58 Gandi JLEAY) 1 b
215 ¢ 9=14 ISl 3 LS Lo Gauld dilua lgin (anidl) Slea I35 g 5S) o 2l uld
52 Jya laym (e agall a8l o by ¢ pasldll elegl) (G cull AS s GsSa
il Jie Jledl (s agall ddy g ¢ udiladll Slea DA (e pl) Aaa e g ¢ Al d
30 Ba oa AT LY Sl i) Jbed e daes ¢ LEAE GaneSl) 8303 Jeait Lavies ¢
o Baley (lsST saal A5 duaall) disad) G e 393 L a3l (e (AT AiaS gy sSH i
U giall dagill ot 5 ATy Gand (338 10 S5 (o Lo i) ljié e Cilpe 5 LY
11 agad dpally JLaaY) Slea (8 ADlal) 558 o ol 13) duiaye daiill (5S35 ¢ Auliall 2l
g8 a3 al 1)) Aamye Aadiil) ()5S (ol 66 2gat Auillig ae 2.5/ ol 30 e il e adl
ele Jila13gh el e et 13 Wl Lae 2.5 [ 50 e Al 2ie Lol Glea 3 dljlal)

C e SLa pand Jaal Baie dala Yy pabeal S il sk ol Ciled agag

cuyll Adile Gasdll Glea : 9-14 U<

Dissolved Gas Analysis cujl} Yii 4-8-14

¢ DGA L hlaid) Cajg Jonall Alla aaa DA e oS A Jdlail) aal e 2alg 138
Bpilia Loyl Jelay Al Jalelall ey ot aily ol Abjle Ala (andl L Gl culie s
ol ¢ dade (pa ANy S Cigan ddida ddyee dalaill 38 DA e D oKadb ¢ cull Alls e
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e
5)a Cagan ol ¢« Partial Discharge ¢uigas ol hot Spot agag sl « bad contact ssag dasgs

o lagae Jonall Baga (uSan uill sagad LAl clagall (e 33))

Jiadls ¢ Galaill (e dnieaall clild) cld c¥sad) o 30e QUSH (e eialdl 138 3 L Guaallg
bl il Seslen 5 ¢ usSe dbia dse Sl ¢ slalall Bys Ge Ble Led pasil
.(Hydro—carbon Mineral Oil ) sS4 341!

Gilapal csaall Glile Jie iy A5 ¢ Byie Jlaaly gyl cnd Jaxd cN¥paal) of asbeall (1a
Jie ¢ dlall Alad) dgall JSB 3 ot 40035 Apha halgal paadsy B Al ¢ Dlle s
OSass ¢ Jonall g (8 clall oda s 8 Adhida gl (e cihle Lan b Lagiadll G4l
s Eigan sl ¢ ((Hot Spots) Il cugan Aljlall dlsall Ll s JST gand Lawast )l L1 (1a
Jsnall dae ey of (e dr (Al Jlagd) (8 o ¥ 38 Jlae Y1 028 i . ((ATCING ) 268
- JUacYl 038 dgag daiii paidy Jeaall Rating ¢Sls Jacl) o3 a9ag

Popend ) ol 8 A8 Gllad) s (Kasg

Doty JUae Y el Bhall cujll Jlad o 4ol afle

CHA al ey ol Sl& H2 ad 3ays omgoned) e
C2H4 ad japg cpliy) Sle C2H6 4l 3aps oY) Sle
C3H6 4l Hays Lyl Sle C2H2 4 jayg cplanl) 3l

Gl aie iy Cuill Japw Jlat Giang 8 Balal doil) Ba Slays e 4 agleal) oy
Blall Glas ol (Hot Spots ) Dl ciiaay ¢ iy 8Uall (s5amsa SIS 13 Wl ¢ (lisag cng
s dalias C2HE (i) 5l i 5 ¢ gl Qa3 dase 2 1000 Y 2150 o Lo miss

. C2H2 olan) 5le i o 3000 LI shall days i) 13 Wl ¢ a8

: ((Cellulose ) 435 stgubaal) dlgall Jad e 43l Cfjle

(CO , COy ) sl asl Jlis Jof le oo IS dujeloadl Ajlal) slgall Jlas o
Jantall dasi 05Xl aesl 5 ol e IS i By ¢ AT Bl e ST dniine Gan
& ¢ cuiatl) Gllee dam 4 I A8LaYL ¢ Jenall e 5ol duaill 03 ¢ c¥saall galal)
Liaey (8 Gl dai g Asyolguludl ATad) Mlgall (st Giaay 38 43ld aieaally cuilly c¥sadl o
Jall Sllee U CO lan ol cpad) (s SlIX ¢ Jgadlls a5 (CO, CO, ) il
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Jae die ey aay e 8 elld JS 35 of cany 1305 ¢ @I day die Galdil) Ligaal) (0 950 ¢
A ) el Jalas
slsgll e COy 5le Jan o (e halial (53 o g A cilsadll () elld ) diLzay
GH dalas die asld 13 Aoy ¢ cadll e 531 JSE 3l ae 300 s ) e sty (52
Aa gl ¢ ARl Gl das duslalad) dsall (e Ll L) daalill COy e (S cally 45130
- Aslslad) sl s
Jetedill dmda gk (1 daili wfle-3
Cing b (Sl LSS LS die g Canll daneas JIa b s o oS dalad) Jaroall ) il
sbany - el Gong dsulall Cagylall b il AT cble aas o oKa 4l Lede ¢ ey
| (R PIONEN I SVRERN | IN PRV PR R TES AN

Ghlall 3yl Glilee Aol Lie palanll (Ko Vg o Sl Gllee Pl JKam ljle o

. ( Oil Degassing ) cuill (1

. pad) 8 CVaall Guety cagddl) Sllee Pl (KT e o

oSl Gllee ol JalSIL Lgie paliall (Ko alg Al JUael dam J<im clile o

cosladl) alal e mabiaill Gillee U8 (Sam e o
e A1 B st Jee o o ¢ Akl dsallad) ilaalsall 5 ¢ JSLia) sda e il
Bl Jidas dae die Jynall aayeS ymesg ( Benchmark ) ey ¢ Joaal) YV il
- AT (U s (g cabian okl g ¢ clld 2 Joaall
Capad (puli 5am gy Luslie Vel ) 8 Bl LN 4 el SN dany 1-14 Jaalls
Part Per Million ( PPM) ¢saldl (3 g3 AU

CYgaal) cuy (A el Sl 4 mganall S50 2 1214 Jsas

e oo ST deadl) i 64 | 8 Clsin gl e B Sl
Larall b Cilgi Loaal
300/200 300/200 150/100 Chng A
300/200 150/100 70/50 Olise
150/100 50/30 30/20 b
400/200 200/150 150/100 o
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1000/800 150/100 50/30 ol
700/600 500/400 300/200 OsSl st Jf
12000/9000 5000/4000 3500/3000 OsuSl st Jf

oandll 4l 85 ¢ Bo8 Lad 69 KV c¥saall (8 disins Chas Bygean Llle DGA st e o
e Ahle a9 o Gan DGA ) Jland ¢ Lyga ands Ao lad) 4 agt o3 Jalil) okl
- Dl e A o e Lgia aaly (ol selag ¢ cull B

Bl et delall g dal) 4-8-14

Aal oin b Ayl ey . Ada Ao dsa (Y lad 52 Cuill B 23S ush 1

DO
. paall e %80-60 BESPE
- axall 5e %25-10 Csfind
. aaall (e %3.5-1.5 Ol
caaall ge %2 -1 )

P ehn pe il (5 Gusd Gagan e Aatll) el Abial) Al dgall DAS 236S usd —2
iy gl Sl (e S S e Bl Tl Gygll 5l Bsl) Jie dbia dBjle sale
C A A L die 58I el A ¢G0S 2T Ul (e 808 4 Lgnaa

Olie ¢ Gangpugl) (oo Alall oda (8 duneyll Clilall 2 sl (g Hoblad) Bale (& e gy =3
el Y oalaa) Sle Lo ¢ s SU ansl 3 ¢ oanSll st Jsf ¢

Hhall da) g Us)) abse hs 2 400 Bl dapd vie (Gha dabas damy - Cuill (gha dilas —4
e Cpngyue ¢ Okl ¢ G ¢ Qe ¢ Lalul A S pun dmisie ciliia e$ Al IS
sl 2l 6 Ll s+ Cangsnns Olise e ST ddagliall clilall 2 600 B da
c eV Bhall cilaye die Jlam (Kl

OsSI sl 36 e 5le Al cllal) Alal sda o cujlly Ssblu salal (giha s =5
2500 G el Blall il die g el ) ALaYL Gl aust Ul
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Roger’s Method it} yustl jyn ) a3k 5-8-14

Jlaall g5 e CadSl (K cllall (s Ajaans .+ Aaig Ko pngll Al dlls L 5jlies 2 ylall oda
el alasin) daphll sl 8 o Gua ¢ Cudll A ana ddjead 2l Y daphll sda aladiuly
cosld s oaan) o Gl Gl ¢ lae s Ol ¢ Camg i Olae e ablall s
C2H2/C2H4 « C2H4/C2H6 « C2H6/CH4 « CH4/H2

Gob oe 05 Al JUaeY) (assng o JE gl aslgll e ST 00 O (e Aaall odag
Oe S selal Aldinall Gl 2-14 Joanl) padliy Ldaladl cbilall 5850 Gu dudl) Glas
taag of call didas b

cojll st  cllall gelal dlanall L) s 2-14 Jean

Type Of Gas Caused By
CARBON MONOXIDE, CO

Ageing
CARBON DIOXIDE, CcO2
HYDROGEN, H2 Electric \
ACETYLENE, C2H2 arcs
ETHANE, C2H6

Local
ETHENE, C2H4

overheating
PROPANE, C3H6
HYDROGEN, H2

Corona
METHANE, CH4

il gple Y i ol 6-8-14

o 833l il e e gynn Al Al bladVl aal sa culls dsha )l (il e
3539 Bgha o Jidnlly ¢ s3saldl dual) Bhay cililall Blia o dughll £uaS wing ¢ Joaal
0S¥V e (pPM = part per million ) 2000 PPM gas of Cayes o 4 cNgaalls digha
Ol Anlae M Logh)ll dows (el yiimy DGA (é 1y ¢ Jomall jene i cujlly Il
b Jslae s Al oda yiied ¢ Aysl) Jiall (b il Ay Load aniy ((M/dwW) dw Calal)
Jonall o il il dlale dhad g (0 228 2% (g LT duail) 028 Clia 5l ¢ yuladg

2.5% 35la of daill s3gl 1ol mavw Yy ¢ Drying Casiatl alsje 8 allaal
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¥ saall Clis) e bl Juadl Lugl) 5ol csaa B paual)
1

Blgadl (b Hsbbandl Sl milia pa Bhall ae il uansV) 5 dugha )l xass o elld & Cundly
(r9 ¢ Bulfia dejun Degradation ) caasag ¢ clalal) Jial deadsidl) ( Kraft paper) 44,5l
OB & (g ¢ alaly Jlal) Bpsll sae Luji g8 Jsaall see oF Laila Sy by il Jle o
L o adiey ((Kraft paper) Gsll jee (N ¢ craill jealls 3 dadll Canaal digh )l a5
L3l CpanSsY s oLl

agall @ld E¥saalls dighe dayd 60 xie 35 PPM dish) dsash Luadal) 2B (e 588 clacy
Lot Loghayl 5l VT any 8 220 KV (e oY) clNgadll Wl ¢ Yssba yiias 66KV (e V)
.45y 60 2 12 ppm

Y oal) caani 7-8-14

bl ¢ L zoanall anll dishall Ciyglan 1)) Cauias O)d aliiy tank ) e cudll ol
hot oil flush 4yl (Jie el 8)5em damill Lubll Joasll (GAT ()l lling 4ila dayha o3¢
. claldlg Core ) (358 spray 8ysea & tank Al age & caun & il P& cujll oy S
gl 0e pan 33b & e B Gl e dugha)ll s e ST 53 A palul il g
ol WS 1k Jslaally L) cusl) IS LSy ¢ ddaall ) Sig ¢ cililally Core L 53y sal

o Lo Ak gl adally dlaad) 038 ey L el oS

d e il B)had ¢ elogll auyi 39a9 & Hot oil U Spray dae oy Cus 26 4yl liag
Jonall Canaanll Gaaay 5 Ly jamd Flash off Ll sy dughall Jaas ¢lggll

Vacuum Transformer Oil Purifier/ Dielectric Oil Filtration
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ailisY e cua il ) lid) sucYye 8-8-14

2306 Bl c¥snall aga COUAY lag (5AY B8 (e call (and aelse Calids
. 11 2gal)l @ld Glasally ci¥sanall lgin EDE IS 8asly 830 Culll (and (gan @

Jalaall (gymag ¢ Anall 8 Basly 8ye Jyall 58 iidd (ol 35 lasga (Al c¥saall Lualls @
g EDB S 5y JLlK)

.35 e Sl agad i IS 550 lanall cuill st (5ym @
oyl Beglaall Hlall dlalad) ojlaall duilly dis JS B0 Cajll idas (500 @
QYMMJSE_\.&CQ:\‘)S\M&H °

G G gin e oligll U8 Cul) aleany O o (3 0eSh 2gall A agaal) Ll
el mlla e il ey Lgiga Cuay clgile dladlall

G 11 a agall ald ¥l Ged 20 oo eVl aes Ja Vi

. 35 ia agall ald cl¥eadll G d 25 e eVl aes Ja Vi e

& 220 aa gall @l c¥sadll adl 35 e e s Ja Vi sy @

(e 500 s agal) il cleadll G 45 e eVl s Ja Vi sy @
Infra-Red Y ;\ii} 9-8-14

Lyhall 45Y) aladinl Bushing i lgie jualial) (s (g0 e o o3 5LE3Y) 230 &
Bygall 8 LS aaid oy Gl giall Jaly il gl Bipea Jaas Al
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Joantudd PARAMETERS  mmmel | i b by : htnd | gl | s Qi | 9- 1 4

Transformer Turns Ratio, TTR uii} 1-9-14

Dbl Gugas Alls 8 ellyg ¢ aalgll Calddl & clalll ushort agag Cadslaadns TTR O jlad)
zoos dde g g ¢ elyeSll (e Jonall Jhad ol i 2y LaaV) 1aag ¢ lalll G el
caslell Caldl Gl 5SSl asay i 13 deadll e Lilgs Jeaal)

L Nameplate. I le Z5i€all dadlly Luliall Lol (Y] 2l 2353 ANSI Cilbialsas
0.5% ey

A0 A gk HLoaY ) das A8 yealg

measured value — rated value

X 100 < + 0.5%
rated value

TTRAY jladl o a9 ansndasty 4y Aol 2-9-14

ool s agan (laga eV We ) Windings (e asly daasis LSV 13a chal aig
DAY 3¢ g o Gueasg + daliall TAPS ) 46lS wie Y1 Winding ) 8 ¢ 8Ll agal)
el el oSa ) adl) e AY) Culall 8 sgald) win YT et s HV I qalall e

. laay)

Ratio Bridge 1} ai, \\» 3-9-14

i Cun L e e B g Uasll Gy TTR (uld b 483 Gyl ST (g Lias &apkall o3a
Winding Jl ae g)lsill Je opladl) dyall Jeaall Secondary Winding Jl cile Juags
JSa 8 LS BV aga alse po Lae Lagluasis ¢ ,LasY) igal G w8 Jsaad Secondary
s ) exciting current (slal iy ¢ Jodall aga uldl aaileall aadiins « 10-14

BEK\PYN I
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TTR Test Set

Black Red

Transformer Under Test

Ratio Bridgel 4yl : 10-14 (<

Al Cumy siasilils DA e oS0 ¢ @l o lae Liad calsadl) SIS primary ) dacags s
O bl Joaall (8 Agial) sgall Ll (g5l oylia) ahall Joaal) & Agial) sgal) 05< Laxic
o e Diaw fagililal

L (e s primary b saaie o o gging (LAY 8eal Gaa ) ol Jonally

- ol Jsaall 50 TTR ) ot o8 (i) (g5l

single phase double wound Jsss (o 8ile Jagadll st asd Slea O S L
Caldl 8 Jsaal (andll eha) ey ¢ (gl Cilay Sl Cile (e (sSu (l transformer—

Y Cile Ll acand el Jsnall (sl Calall pa Mg Jayy Al (3 (35w leall (gl

IS al)) 4mnd 2all Jonall 5N Gl e il Gl USH LS Jomgs pandl) Slgal

. (10-14

Polarity test aulaal) jJLii} 4-9-14

TTR G 3 Sleall ol Wles ¢ @lsill e ulsne dpass die Lo Tas ol Las) 15
A1-14 08l 6 LS Al dayhay LY el Sas -+ dadadll ola) ans of 4Sa 4t 52

263



Csaal) hladl @ de all) Juadd) dgsl) sl Cgaa (A aasal)

dnhall Hlesl s 11-14 <K&
V3, V2, VI clalgll o [y primary winding 3 1) (V) oatiie 3ga duasi & dua
O i 1368 (VI-V2) = V3 cil€ 13 Hlau 5« TTR Gl (S V2, VI dad ddjna (b
S35 12y ¢ primary 3 &AL ) A2 e adin 2eal) O ae ¢ dadi al) e dot )
« (Subtractive polarity) el iea « Secondary Ssal Jawbal s els) J)

coSall (Sallg
120 VAC 120 VAC
Hi| — |2 Ind =90 HI] ™7 |H2  Ind=150
Temporary > L ‘ Temporary N
Jumper L/ Tumper ]:Cg ii' V)
il —  Ix 1 P T
30 VAC 30 VAC
X1 |H| H21 X2 X2 ;Hl H21 X1
1 ) ]
b
D
D
P
SUBTRACTIVE POLARITY ADDITIVE POLARITY
{A) . (8)

\all DC Resistance wlid JLis} 5-9-14

3539 a2 sl agng e B Llal 4] Lol HLaa¥) 138 5 ¢ Jacagill & il 5Ll Liad o
«Tap changer 2\ e 4 « Bushings I _ loose connection ias & <Duags
5 ,laayl 1w, JHigh contact Resistance. lguw iy d€an il c luag oda oY
¢ Oluall ol YT ol i) e asag DGA (DA (pe cufi 13) Lasa asiiy gl JIAT 138 3gag
COliay dsag Aty VLY aal 8z Al o3gh ¢ aShl Dl HLEAY) 138 ()6 aaiad
e D.C supply duagi i daib ¢ Jas Jase lia) a4l Lo adl) ol Lalyy .+ deSae p
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pally + Aasladl Glual Ll Sl sgall Aed ¢ 12714 JSa 8 LS Ll oy Gl
Bdle Juasdl Sl pladiu) (Se

buses agil e Sl ¢ Jad) 2gall s e Cng IS G Aagliall (uld SLEAY) 138 (S S
baes peil e 3Bl Gmisiall seall Cuils e Cugng IS On Aaslial) (uld Lads gglodia
o dobanll ddagi g dag JS e Aaglaall (bl GllXKg ¢ pugliia

7,
Primary Secondary
Winding Winding

LDl daalaY) c¥saall & clilll DC Resistance (ulé sl @ 12-14 JKa

LV 2 Wl ¢ ddle daglaay amidie iy Saaty 3 HV Winding g fas sboss ikl o3
oS Alal) oda g ¢ uilal) 138 Aaglie jhea e A38Y e sl g cilulils Winding
P Brsgiall Ogimga Bl JUal) Juw e gy Resistance-Bridge ()l (sas) aladsul
o Usgne dalie Gubil ¢ Aol dasbedd) Ry, Ry clagliall Lo axaios lly « 13-14 J<al
b oW Sl sy laie s cpe il G oY) Ak Joa Jis Ry deglial) dad ey ollig R,
Phaeldl) Gakai Lag Hha (golun jiasilidal)

R, =Ry-—
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ﬂaﬂ

Tw
Lf/.l’

I-J

Lf"—ll{é}fﬁf—

Osiass B 13-14 J<a
sy aYly bl Jg¥) il cleld 3l of WIS < Ly Taps A jasd dlls b
taps 1 U< cilel i al 2y S,

Wge a3 5% 290n & Uad Lonsig ¢ piaal) 8 (e Digaall Ebeal ] Ladlly Auliall 2l )l
gl 8 Aulzall doglaall of G Bhall da s il slelie cang 283 (e a3alg ¢ LaaY) laa b
Cililall ) all days €13 HLEaY) 138 8 Luliall el masea Can 1 ¢« Luld 75 xie cils
s Al aValeadl ke ddlida

235+1, , 225+1, . .
R,=R,- - { for copper ) R, =R;- = { for alwminium )
2 177, 2 1°5,
235+1, 225+1,
where; R; = winding resistance at t; temperature

R;= w:'ndf}rg resistance at t; femperature

Gigan G o oSe 4 dang) chlEY) JS Ale G JmaY) 1 eha) cag
(@Al cllad) dlia culs o) ) il Lay Je 5 A a9 « Core I & magnetization

( No Load Losses ) Open Circuit Test juii) 6-9-14

14-14 <8 8 WS aug of oSa dsnall K g3 of BySS J6¥) Gl
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Re
1

Al sl ¢ 14-14 J<a

L) bl Lol las eha) M zlas (X Re Xo X Ry Ry) JSall 53l aailly
Llua ehal ae Joaall (il aiel 13 403V zraad l)laaV) a3 ¢ (aanaall DA (e dalie (K ]

P

Open circuit sa Js¥) Gl ()las) DA e Gl luses Jsaall alall Parameters
Xm Rc X3 X; Ry clus 2w Lg®la (g « Short circuit test ga  sllly ¢ test
R))

Open circuit test ) jLad)

z=aly 8 LSy« Noload Losses | jlaia (uld clliSy ¢ Re, Xy (uld LY 138 e cargll
g elyel) jaae LV Winding  Wles cptld) sl doags HLasV) e & Wil dend (e
c15-14 J<a) 6 LS Tagida (HV) Y cula

| -

(b)Equivalent Circuit

(a)Physical Arrangement
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,,,,, Ref. [IEC 60076-1 § 11

HNL
O N LoV
C.T

) R ' = _ :\;;5_ s Sl L K o

‘ &I Supply
L ! 3 phase

50 Hz
er | \
B b S VT IV.T. V.T. —

Power analyzer

Open circuit test 1 sl 558 15-14 J<a

o il o3 o iyl « SUPPlY W Jaatiall sl b uganaall 83ly lilly gal) (b8 sy
Wy, 1y, V
gl canY) agall Liglus agall 0sSs of Zlind Y sl avae LV Juag il Lol Jaay
cHY Qs LV Jsasi 5o deuV ohallyy ¢ calal)
culall 13 4 lall Lssall dadll e 1% sty o Aall oda 8 gl il o Leadf Jaal
L i csmasd) Ll o e o deaadl e des aag Vs zsite AV cilall )
Byvia el I’R oY dlega Sy culall é power loss o 2 14 ¢ exciting current
las
Wo duliall 8,081 o ins 135 ¢ Ll jis s Slage Lind ey Voltage Drop 1) f Ls
olall jral USS LS dloge s primary ohmic loss I ¥ Loss Core ) La Jic
- gl
DO G OsSe plie) (K lo Casaasdl Ll Ul

axg ¢ Core ) disdus e Jsiuall gjall sa ¢ Active component ¢ lc sa Js¥) e

¢ Al syilall 4R b
g magnetization &igas (e Joiwall Hlall a9 ¢ Reactive current, I, 8 Gl e

IS ) 8 Xy

X Re clua o0 Ll Lgieg ¢ 2060 calad) 8 LS |y le ded Glas (Ko
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Wo, = Vil.=Por

Wo
. ] D, — ‘_,l
I, = JB-12 or
‘,..'l “"’]
R(- — ]—c and X m — E

auale @ yluied

e %110, 105% , 100% , 95% , 90% a8 e e 5 Jos abey Hlaa¥) e -1
Wy oy VoGala e IS g ¢ agall duizal) 4l

Alha Ll o iy 13g3 Nameplate e Ll ol pe TS dulaall adll i) 13 -2
Glish G <leld dla gl ¢ Laminations ) ¢y short @llia Luyy (saaall Qi &
cguaall Qlall alalie b g ol ¢ guanl)

o=lall Structure 1) s Unsymmetrical «llia 13) L ddyeal aie Liad HLasV) 138 =3
e S Ciiay phases ) aal b Gisaasall Ll of Do Laagl 13) ellds sapand)
LAY ool

Jsnall Jast ddjead (55 in gall Lkl daidl) (0 110% ) il 2gniall ()l XS5 —4
cdmidl e sl Al sal

Example. 32.27. In no-load test of single-phase transformer, the following rest data were
obtained :

Primary voltage : 220 V ; Secondary voltage : 110 ¥V ;

Primary current : 0.5 4 ; Power input : 30 W.

Find the following :

(7) The turns ratio (if) the magnetising component of no-load current (iif) its working (or loss)
component (iv) the iron loss.

Resistance of the primary winding = 0.6 ohm.

Draw the no-load phasor diagram to scale. (Elect. Machine AM.IE. 1990)

Solution. (7) Turnratio, Ni/N,=220/110=2

(i) W=V Ijcosd,; cosd, = 30/220x0.5=0.273 ; sin ¢, =0.962

I, = Iysin0y=0.5X0962=048 A
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(ifi) I, = Iycos §,=0.5x0.273=0.1365 A

(iv) Primary Culoss = I, R;=05'%06=015W
: Ironloss = 30-0.15=2985W

Example 32.28. 4 5 kT4 200/1000 V, 50 Hz, single-phase transformer gave the following test
results :

O.C. Test (L.V. Side) : 2000 ¥, 1.2.4, 90 W
S.C. Test (H. V. Side) : 50V, 54, 110 W
() Calculate the parameters of the equivalent circuit referred to the L.V side.

(i) Calculate the output secondary voltage when delivering 3 kW at 0.8 p.f. lagging, the input
primary voltage being 200 V. Find the percentage regulation also.

(Nagpur University, November 1998)

Solution. (/) Shunt branch parameters from O.C. test (L. V. side) :

Ry = VP, = 2007/90 = 444 chms, I, = 200/444 = 045 amp

I, = (12°-045% = 1L.11amp, X, =200/1.11 =180.2 ohms
All these are referred to L.V side.
(if) Series-branch Parameters from S.C test (H.V side) :
Since the S.C. test has been conducted from H V. side, the parameters will refer to H'V. side.
They should be converted to the parameters referred to L.V. side by transforming them suitably.
From S.C. Testreadings, Z = 50/5 =10o0hms

R = 110/25 =4.40 ohms, X = (10" —4.4)" =89 ohms

These are referred to H.V. side.
For referring these to L. V. side, transform these using the ratio of turns, as follows :
440 (200/1000)* =0.176 ohm
8.98 X (200/1000)° =036 ohm

LS|
.'-'51

Equivalent circuit can be drawn with R, and X, calculated above and 7y and x; as above.
L.V. Current at rated load= 5000/200 = 25 A
L.V. Current at 3 kW at 0.8 lagging p.f. = (3000/0.80)/200 = 18.75 A
Regulation at this load = 18.75 (r; cos O +x; s ¢)
18.75 (0.176 % 0.80 + 0.36 X 0.6)
+6.69 Volts =+ (6.69/200) x 100% =+ 3.345%
This 1s referred to L.V. side, and positive sign means voltage drop.
Regulation n volts ref. to H'V. side =6.69 % 1000/200=33.45V
With 200 V across primary (7.e. L.V side), the secondary (i.e. H.V. side)
terminal voltage = 1000—33.45 = 96655V

Load losses and Impedance ) Short circuit Test _\} ;\ii} 7-9-14
( voltages

4 Series impedance 5 iy L 51 X5, Ry, X, Ry dad st sa SLad¥) 138 (ge argl
Percent Impedance . L JLaa¥) 138 ey . Jonall 28K 8500 Jga (00 dga S
adlid) 4 cwlly « Load Losses test Jb cliXX _auwng « Z% test Jb Leasl anng ctest

LAY 138 e ileglaal) s3a IS e Jian bl ga daeudll
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short Jssall (5AY) dgall Janig dga 8 8yal) 028 LSl s Jonss Lild dasd (e s LSy
33y ¢ short ) o LV 1 dga Jeads ¢ elpeS) Haan HVA dga Jeass Lad Llles
16-14 (<30 8 WS HV Y dga e |V, Wee Ll

Dbl s é
Vsc@) \\\\I;"/ E
(

a)Physical Arrangement

ri JXi1 ra JXiz

lsc AN N MM
Vs
(b)Equivalent Circuit
L.V.
b B
C. T,
e Supply
y LG S ¥ 3 phase
) N T VLT VLT ~.V;T‘ . 50 Hz
r R v
N Analyseur de puissance
H.V.

Short circuit Test) ,laa): 16-14 <&

e Jaid 5% o ix 138 5% e (glast Z% 4l (53 Jsad) b JsY) Ll b LS LS
Lad ¢ asgda 130y (ShOTt) o i) (9AY) dgall b (5w Rated currentl Jaal IS gal
leipe Ll Jeasss Haaall dga & 3¢ Jilé short 48 zero impedance 4l Lus Jeall ¢
eu short ) dgs & Rated current 3 jad oD sgal) cany 135 . (gAY dgall i Tas

WA e 8 aedng Al yeaall agall dad a9 « Impedance voltage L
exciting Lo dad jolam Y 8 (g ¢ Asen) Aadll (0 5% 0)38 agan Aiage H.V) 4ga oY)
sagiaall 8N Jan 138s ¢ SalS agall IS 13 o ) ALaY) 4iad e 2% les current
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) Ll dlage No load loss b e Al as (sl Je dhasall ) shunt circuit
LI 5y3all iais ¢ Ll Shunt branch 1 dags of (Sar & (ag ¢ (Lsoa Loy ysua a
G sasiall 5l a Ld Aulid) 5l maaiy ¢ all e Sl all 8 LS san Jenall
LS R; fhsm 2 Ry’ Cua, Ry 5 Ry’ cilaglaally sl & Jiss il ¢ series impedance

2
: N
R =R (N—j
2

(Xp Gl agiad Lo Jsean) (Ko Cun ¢ e Ry, Ry (8 A0l 5yl o0 Wie 5,80 (V)
Al el LS X )

LAY dgall b gas

Wee = Lri+m)

V;
r- B
Loy = —

IE-I"‘
(zn + 1) = \/EE.: —(r1 +73)?

.nameplate 3 s3sasall ail) (0 10% Hslay ¥ Lia Joaall Uadlly

Gaeal) cins Jymally A gusne ilS piemdlly G A il 0 Tansi 5 adgid) Uadl) o Lo
- slaall a8l 8 La¥l aliea 8 alee Cay Lo sag ¢ el

: 4 Alslaall o lgtbos (Ko Gun 7% Aad ol HLESY) 138 e dagall il (g

measured voltage
%NZ = x 100
rated voltage

JLaAY) 13 daal
Lol alee 2uy Hlsa¥l 13 old Jenadl Zalall Parameters 4o dijeal 23LaYL @
short dam of Jailly sl 4o clild) 3 deformation cige (o cala<y lal
b Lyl cDlag o Al
phase_ll A yra o dua @bﬂ\ day ‘_ﬁ B tm‘)\ 99 s é Laj pdiwmg @
oandll Cilad S ey ¢ ;,aY) Two-phases. I e el Lo 4 ang 13 Gl
el A peal Jgaall (andy
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|
percentage (s o) i AT Jsme ae @lsil) Gle bl Ala o4l Snoe
o asbeall o Liadd L LAY 138 (e Liad adde Juasi L g5 ¢ dagladmpedance
& (g percentage impedance ) dad Ao ol 4@ 2027 short circuit level
ddaadla
132 Jsne (30 5% o8 JUall Juss e ) adie Jonall alall Percentage V. ) 6<s 3
G plasin) Koy aaind aigalls higia 05K Y Llal 1aag ¢ 6.6 KV 0)38 agal - lias Liif slins KV

applied voltage  rated current
%Z = X x 100
measured current rated voltage

Example 32.36. Obrain the equivalent circuit of a 200/400-¥, 50-Hz, 1-phase transformer from
the following test data :

O.Ctest : 200F, 0.74, 70 W —on L.V, side
S.C.test : 15V, 104, 85 W —on H.V.side
Calculate the secondary voltage when delivering 5 kW at 0.8 p.f. lagging, the primary voltage

being 200V, (Electrical Machinery-I, Madras Univ. 1987)
Solution. From O.C. Test
ViIyjcos, = W, . 1) I qu_-g?_:\_'
200%0.7 X cos ¢y = 70 4 Tku.zl 00310
cosfy; = 0.5andsind, = 0.866 ,
I, = Ijcos0, = 0.7%05 = 035A <) —\39 '
I, = Iysing, = 0.7x0.866 = 0.606A 200V =2 rﬁ 4
Ry = VI, =200/035 = 5714Q _
Ay = Vl.-']'“ = 200/0.606 = 330L2 + 4k Y I,
Asshown m Fig 32 48 these values refer to primary @ -
i.e. low-voltage side. Fig. 32.48

From S.C. Test
It may be noted that in this test, instruments have been placed in the secondary i.e. high-voltage
winding whereas the low-voltage winding 7.e. primary has been short-circuited.
Now, as shown in Art. 3232
Zy = V, JI, =15/10 = 1.5Q; K = 400/200 = 2
Zy = Zp/K = 15/4=0375Q
Also IRy = W Ry = 85/100 = 085Q
Ry = Rypy/K =085/4=021Q
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Xy = 25 - R =0375" 021’ =031Q
Output kVA = 5/0.8 ; Output current I, = 5000/0.8 x 400 = 156 A

This value of I; 1s approximate because ', (which 1s to be calculated as yet) has been taken eq
] =085Q . X,

to 400 V (which, in fact, is equal to E, or F,).
, = 157 —085% =1.24
Total transformer drop as referred to secondary

15Q, Ry,
= I,(Rgycos 0, + Xy, sind,) = 15.6(0.85X0.8 + 124%0.6) = 222V
V, = 400-222 = 377.8V

Now. V4 o =

Example 32.44. The corrected instrument readings obtained from open and short-circuit tests
on 10-kVA, 450/120-V, 50-Hz transformer are :

O.C.test: Vy=120V;I,=4.2 A; W, =80 W; V;, W,and I, were read on the low-voltage side.
S.C.test: V; =965V, I, =222 A; W, = 120 W— with low-voltage winding short-circuited
Compute :

(1) the equivalent circuit (approximate) constants,
(i) efficiency and voltage regulation for an 80% lagging p.f. load,
(iii) the efficiency at half full-load and 80% laggmg p. f Ioad

Soluion. Itisseenfromthe O.C. test, that with primary open, the secondary draws ano-load current
of42 A Since K=120/450=4/15, the corresponding no-load primary current [,=4.2 < 4/15=1.12 A

() Now, Vi,cosd, = 80 cos §,=80/450x1.12=0.159
. @y = cos (O 159)=80.9° sm $,=0.987
I, =Ijcos,=1.12x0.159=0. l?SAandI =112x0987=1.1A
Ry = 450/0.178 = ZSSI}ﬂaJJdX,D—rﬂrSOfl 1=4090

Dum:lg S.C. test, instruments have been placed in primary.

Zy = 9.65222=04350
Ry = 120222°=0243Q
Xy = 40435° 0243’ =03610Q

The equivalent circuit is shown in Fig_ 32.52.
(ii) Total approximate voltage drop as referred to primary is I; (R, cos ¢ + Xy, sin @).

Now, full-load I; = 10,000/450=222A I . R, X.
Rated Current = 2200 _ 13 amp
Rear 230
a
FL Cu-losses atrated load = 120 watts, from S.C. test
FL. Core losses = 100 wafts, from O.C_test
Atfull load, VA output = 3000
(iif) At08lagpf, Poweroutput = 3000 x 0.8 = 2400 watts
: 2400 o _ o1 ro
Iron Required efficiency 2400+220x10{},{: 91.6%
Tota 15
From 5.C. test, Z = — —1 154 ohms
R = 120 —0530hm, X=/1.154% — 0.53 =10251 ohm
To1sx1s T S T T
Approximate voltage regulation

= JRcosO+1Xsind=13[0.53 x0.8+1.0251 x0.6]
= 13[0424+0.615]=13.51 volts

13.51

T°qQUIn terms of %, the voltage regulation = 35~ * 100% =5.874%
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Example 33.9. 4 2000-kVA, 6,600/400-F, 3-phase transformer is delta-connected on the high
voltage side and star-connected on the low-voltage side. Determine its % resistance and % reac-
tance drops, % efficiency and % regulation on full load 0.8 p.f. leading given the following data :

S.C. test; HV. data : 400 ¥, 175 A and 17 kW

O.C. test; L.V, data : 400 V, 150 4 and 15 kW (Basic Elect., Machines Nagpur Univ. 1993)
Solution. From S.C. test data, we have

400 V; Primary current/phase = 175/ Jj_ =100A

Primary voltage/phase

400

. 17000 . .
IRy = TOTR,:]I:D.SSSQ;XOI:J_;_Q(; —0 555 =3.920Q

LRy, 101%0.555
- %100 = %100 =
%R 7, 6,600 0.849
X 101x3.92
0 = L0 o qp0=—"""""%100=
% X 7 6,600 6

% regn = V,cosP—v sinGp=049x08-6x06=-292%
Full-load primary line current can be found from
V3 % 6,600 % I, = 2000x1,000;I;=175A

It shows that S.C. test has been carried out under full-load conditions.
Total losses = 17+15=32kW;F.L. output=2,000 % 0.8 = 1600 kW
N = 1,600/1,632=0980r 98%

Load Test j\ii} 8-9-14

Shia st (9 4% cilS open circuit ) f short circuit  elow dalull CllaaY) ses
13) @iy ¢ SalS Saans Jomal) Jpand o Y 1088 U dasin dad ) Jgaaasllh o3 (g5 ¢ Jsanall
l0sS Il G plsif Lmns lligh . Regulation ied cilus 5f 383 Jgnall 35U il 2153 Sia LS
SHLEAY) b Gaany Y g ¢ stray 1088 (e JalSH ) o JelSll agadl agas 3 Y] ek Y
Al A i) AIS)

ST ) Gabs by ¢ sl b g sl s Y s Lt dseadl 035 o cane gl
of LaaY L ARl i) LAY e Yoy @Bloll il collal) prasiy Jaanall Lpnsdall Cig yJal)
ek Y L oy dadl Qrentl ol 2,00 Sgal dis b Ll ol 58 0 g
Pkt CON NG IR

. load test o Cajmy L say Jonall R Hlid) dae 8)g im0 5 o Lo S
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|

JLEAY) 1 cligra

Woge el Janlls Jomall drant (K Cum Bpsaall cVsadl) 8 HLaaV] 13n Jae Uies ()5S 8
LoansY i) Ll Jgamglly iall s JalS Juead Jae 3 A ligh Ladall cN¥sadl) Ll ¢
Anipal) cllilly 2l 25eall 8

OsSis Jsaall Jabs 5agiiall 5080 o ing 138 ¢ %99 Usa (58 Jsaall 52U ¢ asladl) (e
B Al 025 alal) Jasd) DA Joadll s dllgins o cas 530 (e %99 Laiy Laié %1
L) QR Y (B lgielal (S Y

o & (il Byapall i) Lsdaey Cumy ¢ l0ad test ) daal Gala caglud ) Ly (535 13ay
Back to . cajmy HLaa¥l e shal Galall sl 13ag ¢ audl mopall asehall o il
.Back test

Back to Back Test A} ;i) 9-9-14

sl ol Back to back  dilay cpliaies cabilaie Gufil cplgaal zlias HLaaV) s ohaY
pad ll Loop T (V;) canlie aga daash o dus ¢ 1714 J<EI 6 LS ¢ "adla Gl
Dxadl 5ed & a9 « Rated current (gl i Legd o Cusy two Secondaries )
e e i BaS Aaglie B 2 Y il 1 oS¢ daall Lo (golan Lo 4335 e Jsiuall
oo Al cplsadll & Copper Loss ) Lad a 5as2aall 5)08lld 25 (e ¢ algaall (53l lila
Lpall L g ye

ol b excitation 1) (gls e e 5 sed  JSal) ey deaiadl (V) Daadd L
. Core 10ss J| jaaa s¢d i (jag i)

copper 5 Core loss 1) sliuly dailia d8la aagi ¥ &5 (g ks das 2ag ¥ 4 LaaY
-5 Gl V2 L VT gnaead) 58 o e 13 ¢ loss

Js¥) Jonall Aty JanS Jans (530 — S (ol Calal) ) Alalghl (lal) 5l ) 8yl o) s
PAA e dliall sl ity . Back to Back Ju Lol e 13y ¢ jaadll (gal 5 payi—
- cila IS ol Ll e e (gsillly BN e OIS Y aBloll sl Laay) 1
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Back to back da )l : 17-14 J<a

VECTOR GROUP mmmmd | def i 3 bt 10-14

O Short dllia ¢us ¢ 18-14 S8 8 WS Jonddl deagi of 5o N danyla Jgudy Gpues]
.r Phasey« R Phase

+

ﬂ E\% ,, Wi
T

LY

R IR R

S il Jgaally Assall willy il ¢ppling ¢ Syl aailodl Sigal AS el Jans
sts UVW, uvw 5l aladinly si€e Joaall o B2 . 4alaiV) desenall o8 2085 4y «
ABC,abc \gus a9 RYB, ryb leua
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TW-2w < TV = W2 > TW-2w < TU-TY 0

1 I'!f'\"-‘zl‘.f\". < 1 "'\f'r‘2 "."\"I > ] -'l"\ll. ‘2"."’ = ] "r":"—2'v\-" < 1 L—- 1"\f'r 1'

TW-2w < 12w > W2 < T -2w < TU-T ¥

1 I'!f'\"-'z“."\". < 1 "'\f'r'2 ".-'\"I > ] -'l"\ll. '2".-" < ] "r"f-2'v\-" 2 L' v v
TW-2w < 12wy > 1 -2y < 1 =2y > TU-TY H
TW-2w = TV > Wy < TW 2w > TU-T o
TW-2w > Th-2w = W-2v < TiN-2w > -1 1
TW-2w > TV-2w < T2y = TW-2w > TU-TW v
TW-2w > TV-2w < W2y > TiN-2w > TU-TY A
TW-2w > TV-2w < W-2 > TW-2w > TU-TV 3
TW-2w > V-2 < TWV-2y > TW-2w < TU-TY A
TW-2w = TW-2w < W -2y > 1iN-2w < TU-TV AR

Primary AB C  aladl Jsne clal (o (oajiilh ¢ ABC o aesil) Ao alina <€ 1)y
ab c Secondary Winding AY) culall iy Winding

by e ¢ (‘é_‘a\dl}\ﬂ\ ) Al gall e e 3—phase votage lalia llaiy jasdll ¢)aly
il (sS5 agall ol Gl Geg ¢ LSH LS Caly k) 8IS o Algdll uld S A — @ (y short
tob Laa Baaly

Bc<Chb

Cb< BC

Aapd e Lgli agpe Jonall ol S 12g Bb=Cc < Bc=Chb

Jlall Jus A=d ¢ Lalad) de gane IS (il phasor diagram J) (e ddasiie GlElall 2224
Gl o la¥ . Dynll Lalasy) dcgeaaall phasor diagram ) Jiw Jull J<al) ol
1U and 1V(1U1V) g agad) ols Jliad) das Aed 2 ansyl) o Lol dkatia ausyll Jausd 43Sl

1U2n+1v2n cpagall g oana Dlad (g5loy
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Dyn11
U

3 -Satisfy the following conditions.
1U1V = 1U2n + 1V2n
W2w = 1V2v
1W2w = 1W2v

Assumed the transformer vector group is DYn11;

1. 1U1V1W=-which is primary —Delta Connection
2. 2U2V2W- Which is secondary-Star connection
3. join 1U& 2U terminals

4. Supply 1U-1V-1W 440v and then Measure:

a

b. 1V-1w

c. IW-1U

d.

. 1V-2W
1V-2V

T

= (o]
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Then CHECK

I. 1V-2W
2. IW=-2V
3. 1U-1V

1V-2V

IW-2W

1V-2N+1U-2N

11 &) dlay) deganall ol ) Jland) 3 sels U o 5,881 3D oy il

\%

For Dy 11 Transformers For Dyl Transformers

IV2W 1V2V 1W 2W 1W 2V
1W2W < 1wWav IV2V < IV2IW
1IV2W < 1V1U IW2Vv < 1wiu

(Sce fig 2.2)

(Sec fig 2.3)

A typical format for recording the vector group test of a Dyl 1 transformer is given below:

Conditions to be tultilled V2w Vv

1W2W < W2V

IV2W < 1V1IU
Volts Volts Remarks
1V 2\W 1V 2V OK  Not OK
W 2W IW 2V OK ' Not OK
1V 2\W 1V 1U OK  Not OK
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Bpal) (oo laall Jlay cllasdle
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o clacadl e elew dliic) ye Cilgaal jeaa Jaad o Jaxs Y Radiator ) o o daaa
e B dgng i 138 Sy ¢ Fapd ol cull (e g asag Liad JaaDl s ¢ ope ol ghall
P e e Jpaall Koy lasheadll (0 HAY) andly .l 2ja Gl CaliSd saSy
O (g8 a3l Laldl) chyisall wlalls gaal e (lly Bhall CilisaS ¢ dibida Ciydse pand

Adaall 03¢y ald Probe  alaanuly dsle ddagi vie cujll Ala)all 55)5al)

¥ gl 3§l 1-15

: ¥l doj0al) Dboall (e Glegs lia

& Banly Bpa Janas (055 Dilaall 85385 i)l 43 e Jonad) g b3l Mzl YV J5Y) @
JS Basly Bye b Sy GBAN (e Jsmall Zhal 4 Lbuall Qllaw Al S0l goilly @
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e 5 ) it i | | 2- 1 5

tlgatl (e Lysn Lal) laill Camy Joadll (3 ilydige al cilagliag ciliagad sac cllia

Tank A} jasd 1-2-15

ot alae (e sehae ol Sl Taa o (3588 (ol (e o5l (e SBU Ljalls Tank J) asd cany
Sradl pasdll Jadn 138 auhlly alalallly cllesally Flanges 1 asa RSl 4 LY « w3l
. Bushings

O 13 Wi . Radiator 3 caulily sdaws 1355 Juslgaal) Jayy Al Jiniy AaaSlas (aalill a2
g i) e AVl luliall (e KB i Al o3 88 dinee Cagpl i allasind (ga 38 o)Al
B 5afie dueal Jaxty o LUy Lgaifig Waalacl e anill Jaulse 1385 (Al claws e
Cils ) et il ey Jating — Aasng Al @il gy (s = Qs 5l Bsad al5 a3 e
CALelSia BangS diuling AN Ol e S

 Jenk) Moz yand 2-2-15

Ay JAT Sl jpm gl 5l Z ) (e ogld e STl A elaall dlaadle @y o
Jsaall elae e &3l (gAY Jsaall ehal (and Cula ) Ja)l) 2y iV Laialg alalll glalic
gaadl) o aaall o Gaal e Jiall Ads dals (geililly Sl cpagall Slal #jlae e
13y Ay agall axdind) Jiall daesi e Sl il calylal dasy i WS L 4alSaly adasyg
1Sy Ll e Allad) sl of adadl) of ((ArC) Slgaall BT e hLY) slig lasac (gslill

L3l Al Slalll auag

:asbab) o) iWl) jane 3-2-15

oo Sy ¢ HLall Alaall eal) Guy 4ty Ailaaly e luall Al adge Aaadle gasldl a5k
plallly Loyl wmlsa (3 cusll e gy (ol 2gmg piey ¢ Al (SalSual) )l g A 13
L3ad) Aleal) 5)sule (and ds Galig . hall alall (KAl julially cujll (e Al Aaadla 1355
alse o sl mdy pre 1 sl Wikt s Lebia daglys Lol alaadle (gl 8y5uls)

oyl gl asa Aaadlag Lgiac die Loyl
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Winding Temperature Indicator _\} jasa 4-2-15

Jsasll Simulation ) 5 _caliyll cuaill fase e Wlle adiad cilalal) 5 ya A pd (el de gane

Jal Sensors pag Ligral Bale hha dapd uld Llee Cay Sun Gl s A5
Jsmasll by cas Jae 5 dujd SWl 3 Sensors J) g ¢lld e dlams WSl L clalal)
.Hot Spot Jb s ally clalalls 8y )al) dajal duiiea dad o ddjaal

- o '

Current Transformers, CTs alaiiuly ¢llyy cilalall Hot Spot ) Gl (g8l danyla clliag
lga P (e J\:\ﬂ\ Jaa 29 (e aAasu) §)\);“ Rl 4_53 ?:\ﬂ\ PRV ?\m\ ?3 )\:'Cx]\ ?fé Et;bﬂ
L ad aad] Jgaall apiial il claldl Jals Fiber Optic Sensors  caeasin) luasg
-Juzly 3l 12gh qalally clilall ha G 8yl

89 8) ol phipe s wijlas 5-2-15

Winding Temperature (e s3sagall 5l dayn 65 o Gt adll Joadll dgag oL
¢ Lsie dayy 15 Jss haies Top Oil Temp indicator (j s3sagall @i e el Indicator
¢l g Loy pualiall A81S 8 Aapo )l cdyll aadll o il gl Y il l3ag
o (@l B dse ol Gl Bla i) LadS ol Leasal of (ia 13gh Gl (5 ) 13l
Nl gl cpfimnal) (35S o) o daadd) ola Jeaal) (IS 13 Ll Ll

Conservator ) & cuil) golue yhige yand 6-2-15

igall 1oy ¢ B)SY LS ayiilly Jiall goange (S cujll e clldg ¢ ()€ Al Al a5l 12a
Llala ag3a9 Tank ) cuils & cuing JSA (g3 Wle o< Liquid Level, LL AL cayasg
. 1_15 d&ﬂ\@t&sﬂfj\ &j)ﬁbﬁ%}é)ﬁhbﬂ
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Liquid Level 1l &5 : 1-15 <&
Gy sl gl e oIS 13 Breather J) & cajll (e pand Liad g gungall 13gs Jagiyg
o el s L ey 3 Pink sl 1) alsat ane e Xllg 215 IS4 aigl (and
il gl

Breather 11 (<& : 2-15 U<

Pressure Relief Device _\} yasa 7-2-15

Nl g daril) ol Wi 3l 2a )l Jagrall Caeat] Tank J (358 aucasy sgall 3
ol 13g) Slea e ST s (5< 5
Sudden Pressure Relay _\} 4as2 8-2-15

S5 Jac ) el bt daydy adfiye datuia 35ag o Jdull axdig 3-15 J<G Sleall 1
Bubad il Lgraall Al Alarm )] clyls) duy of 4 Jeaall cuils 3 Tank ) e
Sypball JUacll s 8 Joaddl Joadl Trip 5L8) Jlujl Ladd ai€ass
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Sudden Pressure Relay : 3-15 (K&

ey 3 bl | gl | iy Gelnty i i G 3- 1 5

G &y )5 85 Overheating 4l caasy elld aay Jase st Jsnall s la) (amy b
zhas Al oda dg oy ol cuba ol gl 5l Hgulall ilie T Cooling Fins ayill Casley ol
dagriaa elea aladnnl dasla Caulat dulaal Jazd

Bag cuill Jaud 3 cplall 4uiile 3gag Llad Baads Gua Sludge cujll a8 g ol 06K
G SN 138 3smg iy Gandll digh g GuanSY A 52l « DGA Il (asd (e 42iS Koy
daaa A3k Layg saaall Qldl Jaly o claldl e oSl Glal By cudll e DUl S S
o o 5l Lgddl A< Lan 5 ey cudll Caadany Sl 2 ed) Jaal 1Y) a5dlay 4Saus
casal) Jaasil)

: Radiator 4} jasd 1-3-15

Oe Wslig ¢ Gl lgaany (p Ailaally Lyl Canll) aae ddjea o alaal) S5 of G
bial) e Al alalll aalse 13K Ja)l) aualse b i)l

Oil Flow Indicator cui\} liju shige yasd 2-3-15

sy (e <l O Glaal iy Joaal) ae dediione cliiias @llia cuil€ 1Y) axiig a5l 13
b o 4Ty ASal 8 pasall fay Cisud 5 Ftfsec N glowll Jaee (il sl ¢ 5ol

Malat () g 13 Y )yl
pans ALES) (Ko V13 sl Gl sladY Guled] any Ol Gl 8 4l Aaadle as
OsSand Cll Gliges olady ulSas) Gaas 1318 ¢ gigall Lo b Gy GLES) (S oS 54
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1

s o a5 i dale diear Hoiedl Sl dad ol Lo L Auiad) aiad o DLl o] il
Aaadl

ol o8I of Jangl Mg . e cusll lue 8 Bagagall ilalasall Gand Cany it (gl dsm i
coslaall Ll dad (8 e W)l ) sags cudll Ol Gama alsally aBlanlly )<l
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ELECTRICAL CHARACTERISTICS
WEIGHTS & DIMENSIONS

20/25 M.V.A 66/11.86 K.V. TRANSFORMER

DESCRIPTION
 Standards A IEC60076
Type Reference 3-Phase Oil Immersed
Power Transformer
Installation Outdoor
Max.Altitude Of Installation 1000M
Rated Power 20/25 M.V.A
Type Of Cooling ONAN/ ONAF
Rated Voltage Ratio At No Load At Principle Tapping 66/ 11.86 K.V.
Rated Voltage Ratio At Full Load At Principle Tapping 66/11 K.V.
Frequency 50 Hz
Vector Group Dyn 11
Load Losses At 95°C Full Load ONAF And Principle Tapping | 93 Kw
No Load Losses 20 Kw
Impedance Voltage At Rated Current And 95°C 10 %
Fans Power Consumption 3.3 Kw
Temperature Rise
Max.Ambient Temperature 45 °C
Max. Winding Temperature Rise Over Ambient 50 °C
Max. Core Temperature Rise Over Ambient 50 °C
Max. Oil Temperature Rise Over Ambient 45 °C
Hot Spot Temperature Rise over Ambient 60 °C
Noise Level < 73 dB
Weights
Total Weight Of Oil 1137
Weight Of Transformer Ready For Shipping 43.3T
Weight Of Transformer Ready For Operation 51.5T
Dimensions
Dimensions Of Transformer Ready For Operation In Meter | 5.65 X 3.9 X 4.05 M
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FAQ

v 1. What is an Air Cooled transformer?

It is a transformer that uses "air" as the cooling medium. This term is abbreviated with
the ANSI designation AA, indicating open, natural draft ventilated construction.

v 2. What is Ambient Noise Level?

The noise level of the surrounding area, measured in decibels (dB).

" 3.What does ANSI stand for?
The American National Standards Institute Inc. - one of the recognized organizations
that specify the standards for transformers.

" 6. What is an Autotransformer?
It is a transformer that has only one winding per phase, part of which is common to
both the primary and secondary circuits.

" 7.What does the term Banked describe?
Two or more single-phase transformers connected together to supply a three-phase
load.

' 8. What does the term BIL mean?
Basic impulse level is a means to express the ability of the insulation system to
withstand high voltage surges.

' 16. What is the term Continuous Rating?
The constant load which a transformer can carry its rated primary voltage and
frequency, without exceeding its specified temperature rise.
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" 17. What is a Control Transformer?

It is a transformer that is designed to supply good voltage regulation characteristics
when low power factor or high inrush current is drawn. Usually referred to as an
Industrial Control Transformer.

' 18. What is the Core of a transformer?
It is the electrical grade steel laminations, which carry the magnetic flux.

- 19. What is Core Loss?

Losses in watts caused by magnetization of the core and its resistance to magnetic
flux when excited or energized at rated voltage and frequency. Also referred to as
excitation loss or no-load loss.

- 23. What are "'Dielectric Tests"'?

These tests consist of the application of a voltage higher than the rated voltage for a
specified time, for the purpose of determining the adequacy against breakdowns of
insulating materials and spacing under normal conditions.

' 24.Whatis a "Dry Type" transformer?
A dry type transformer is one in which the transformer core and coils are not
immersed in a liquid.

- 27. What is an ""Electrostatic Shield"'?

It is Copper or other conducting material placed between the primary and secondary
winding and grounded to reduce electrical interference and to provide additional
protection.

" 28 What is "Exciting Current (No-Load Current)'?

Current which flows in any winding used to excite the transformer when all other
windings are open-circuited. It is usually expressed in percent of the rated current of a
winding in which it is measured.

" 36. What s a Full Capacity Tap?

A full capacity tap is one through which the transformer can deliver its rated kVA
output without exceeding the specified temperature rise.
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' 37.Whatisa Grounding Transformer?

It is a special three-phase autotransformer for establishing a neutral on a 3-wire delta
secondary. Also referred to as a 'Zigzag' transformer.

- 42. Describe Hi Pot?

It is a high potential dielectric test impressed on the windings to check insulation
materials and clearances.

' 44. What is an Impulse Test?
It is a dielectric test that determines the BIL capability by applying high frequency,
steep wave-front voltage between windings and ground.

" 47.What s Inrush Current?
It is an abnormally high transient current, caused by residual flux in the core, which
maybe drawn when a transformer is energized.

2 49. What is an Isolation Transformer?

It is a transformer that insulates the primary circuit from the secondary circuit. Also
referred to as a two-winding or insulating transformer.

2 59. What does the abbreviation NEMA?

National Electrical Manufacturers Association.

" 60. What are No-Load Losses (Excitation Losses)?

It is the loss in a transformer that is excited at rated voltage and frequency, but
without a load connected to the secondary. No-load losses include core loss, dielectric
loss, and copper loss in the winding due to exciting current.

" 64. What s Polarity?
It designates the instantaneous direction of voltages in the primary compared to the
secondary.

" 69. What is a Primary Winding?

The primary winding is the winding on the energy input (supply) side.

2 75. What is a Rectifier Transformer?

A transformer designed to supply AC input to a rectifier to obtain the desired DC
output and have the ability to withstand the heating effects caused by rectifier
commutation or ripple.
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" 90. What is Temperature Class?

It is the maximum temperature that the insulation can continuously withstand. The
classes of insulation systems in a transformer are rated as follows:

Class 105°C

Class 150°C

Class 180°C

Class 220°C

' 95. What are some of the Tests performed on transformers?

Normal, routine production tests include: (1) core loss; (2) load loss - winding or
copper loss;

(3) Impedance; (4) hi-pot - high voltage between windings and ground; (5) induced -
double induced two times voltage. Optional special tests include: (a) heat run -
temperature testing;

(b) Noise tests - sound level measurement; (c) impulse tests - BIL tests: (d) partial
discharge.

' 149. What are K-Factor Transformers and where are they used?

K-factor transformers are used as a general-purpose transformer but are designed to
withstand the variety of harmonics created in today's office and industrial
environments. The expanding use of devices with switch-mode power supplies and
rectifier circuits with the subsequent wave distortion requires transformers to
withstand the higher harmonics in the neutral conductor in the distribution system.

" 150. Define K-Factor?

K-Factor is defined as a ratio between the additional losses created by the harmonics
and the eddy losses at the rated 60 Hz. This factor is used to specify the size of the
transformer to meet the magnitude of the harmonic load in the circuit. A standard
general-purpose transformer does not have the shielding, conductor sizes, core cross-
section, or the capacity in the neutral to provide the same service.

' 161. What are Power Transformers?

Hammond offers a wide range of dry type power transformers, rated from 750kVA up
to 25 MVA. They are suitable for commercial, industrial, manufacturing or
production process applications. With three phase ratings to 46 kV class and up to 25
MVA, Hammond offers the latest technology and manufacturing processes available
today.

162, Explain the Banking of Transformers?
Two or three, single-phase transformers can be connected to make a three-phase bank.
The primary windings of the single-phase transformers can be connected in delta or
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Wye and the secondary windings can be connected in either a delta or Wye

configuration. The equivalent capacity of the bank will be equal to three times the
nameplate rating of each single-phase transformer. Usually this type of installation is
more expensive than using a single three phase transformer.

" 163. What are Primary Voltage Taps?

In some cases, the actual supply voltage to the primary of the transformer is either
slightly higher or lower than the nameplate rating. Taps are provided on most
transformers on the primary winding to correct this condition and maintain full rated
output voltage and capacity. Standard taps are usually in 2 1/2% or 5% increments.
Example: The transformer has a 480V primary rating and the incoming voltage is at
504V. The primary connection should be made at the +5% tap in order to maintain the
nominal secondary voltage.

' 164. Can you operate a 60Hz Transformer at 50 Hz?

Transformers rated at 60Hz should not be used on a 50Hz supply due to higher losses
and core saturation, and the resultant higher temperature rise. Transformers rated for
50Hz, however, can be operated on a 60Hz supply.

" 165, Explain Balance Loading on Single and Three Phase Transformers?

A single-phase transformer with 120/240V secondary has two separate 120V
secondary windings and is usually connected into a 3-wire system. Care must be
exercised in distributing the load on the two 120V windings evenly, so each winding
is carrying about half of the total load.

Similarly for a three-phase transformer, each phase should be considered as a single-
phase transformer. When distributing single-phase loads between the three phases,
each of the three windings should be evenly loaded.

" 166. When is Sound Level an issue in the design?

Sound needs to be considered when transformers are located in close proximity to
occupied areas. All energized transformers emanate sound due to the alternating flux
in the core. This normal sound emitted by the transformer can be a source of
annoyance unless it is kept below acceptable levels. There are ways of minimizing
sound emission as discussed in the Hammond "Field Service Guide". Hammond
Transformers are built to meet the latest ANSI, CSA and UL standards. These
standards are outlined in the accompanying table.

' 168. Under what circumstance does need D.C. Resistance Measurement?
Current from a D.C. resistance bridge is applied to the transformers windings to
determine the D.C. resistance voltage of the coils. This test is important for the
calculation of I2R for use in the winding temperature test, and as base data for future
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assessment in the field.

" 169. What is a Polarity and Phase-Relation test for?

Polarity and phase-relation tests are made to determine angular displacement and
relative phase sequence to facilitate connections in a transformer. Determining
polarity is also essential when paralleling or banking two or more transformers.

170 Explain Voltage Ratio (turns ratio)?

To confirm the voltage ratio of a transformer, the ratio of the number of turns in the
high-voltage winding with respect to the number of turns in the low-voltage winding,
is measured.

' 171. What are No-Load and Excitation Current tests?

No-load losses (excitation losses) are the core losses of a transformer that are
"excited" at rated voltage and frequency, but which do not supply load. No-load
losses include core loss, dielectric loss, and losses in the windings due to exciting
current. The transformer is excited at rated voltage with all other windings open
circuited. The exciting current and no load loss is then measured.

(Note: This is a standard test only on units over 500kVA. It will only be carried out on
lower kVA units when specifically requested.)

" 172. What are Dielectric tests?

The purpose of dielectric tests is to demonstrate that the transformer has been
designed and constructed to withstand the voltages associated with specified
insulation levels.

' 174. What is an Induced Voltage test?

The induced voltage test is applied for 7200 cycles or 60 seconds whichever is
shorter. The voltage applied is twice the operating voltage, and confines the integrity
of the insulation

" 175. What are Impedance Voltage and Load Loss tests?

The voltage required to circulate the rated current under short-circuit conditions when
connected on the rated voltage tap, is the impedance voltage. Rated current is
circulated through the windings with the secondary short-circuited. The impedance
voltage and load loss is measured. They are corrected to rise +20°C reference
temperature. (Note: This is a standard test only on units over 500kVVA. It will only be
carried out on lower kVA units when specifically requested.)
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" 176. What are Type Tests?

Type Tests are required either to qualify a new product or to further certify a
production product. The following is a list of type tests performed on Hammond
Transformers.

Temperature Rise Test

Sound Level Test

Partial Discharge (corona)

Basic Impulse Insulation Level (BIL)

Short-Circuit Test

" 177. What is a NEMA 1 enclosure?

This is a general-purpose ventilated enclosure for indoor use primarily designed to
provide a degree of protection against limited amounts of falling dirt. It is ideal for
normal factory environments.

2 178. What is a NEMA 1-N enclosure?

This is a general-purpose non-ventilated enclosure for indoor use primarily designed
to provide a degree of protection against limited amounts of falling dirt. It is ideal for
normal factory environments.

" 179. What is a NEMA 2 enclosure?
This is a general-purpose enclosure for indoor use primarily to provide a further
degree of protection against limited amounts of falling water (drip proof) and dirt.

- 181. What is a NEMA 3 enclosure?

This is a general purpose ventilated enclosure for outdoor use designed primarily to
provide a degree of protection against rain, sleet, wind blown snow or dust and
damage from external ice formation. It is considered ideal for construction sites,
subways etc.

3 182. What is a Non-ventilated enclosure?
A non-ventilated enclosure is constructed to restrict unintentional circulation of
external air through the enclosure.

2 183. What is a Ventilated enclosure?
A ventilated enclosure is constructed to provide circulation of external air through the
enclosure to remove excess heat.

2 186. What is a NEMA 4 enclosure?
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NEMA 4 is a non-ventilated indoor or outdoor enclosure designed primarily to

provide a degree of protection against windblown dust and rain, splashing water,
hose-directed water, and damage from external ice formation.

It is suitable in areas where exposure to large amounts of water from any direction.
(Note: not submersible)

3 187. What is a NEMA 4X enclosure?
This enclosure is the same as the NEMA 4, and is also corrosion resistant. It is ideal
for environments such as food processing plants and refineries.

' 188. What is a NEMA 12 enclosure?

This is a non-ventilated indoor enclosure designed primarily for providing a degree of
protection against circulating dust, falling dirt, and dripping non-corrosive liquids.
This enclosure is both oil and rust resistant suitable for applications such as oil
refineries where oil or other chemical liquids may be prevalent. (Note: not watertight)

" 180. Why is Clean Power so critical?

Your computer is a delicate electronic instrument. When you use the keyboard, you're
sending a series of tiny electronic impulses through the computers circuits.

The computer 'reads' these electronic impulses and makes calculations or performs
tasks according to your programmed instructions. If the electrical power feeding your
computer is smooth and clean, your computer will behave normally.

However, if the power fed into your computer is "dirty", you could be in for many
unpleasant surprises.

" 190. What is Dirty Power?

Dirty power is caused by a number of things. Simply put, dirty power is what causes
your radio or telephone to 'crackle’ during an electrical storm; or what causes 'snow'
on your TV when someone is using a power tool, sewing machine or other appliances
in your house. This dirty power, or electrical noise, is a nuisance when it appears on
your radio, TV or telephone. When it gets into your computer, it can cause serious
errors; improper readouts, printing problems, or even damage your computers circuit.

" 191. How does Dirty Power affect my electronic equipment?

Your computer operates by reading electronic impulses. Dirty power contains a great
number of random pulses riding on the normally smooth surface of a power wave. As
these random pulses enter the circuits, your computer 'reads’ them as data. This can
cause a whole range of problems. You may suddenly get garbled numbers or letters in
a readout or printout.

You could loose files, skip program steps, have trouble loading programs or have
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connection problems while on the Internet.

" 192. How bad can the Dirty Power problem get?

One form of dirty power usually called a surge can burn out computer, audio, video or
nay other electronic circuitry in seconds. A surge is a high voltage pulse riding the
normal power wave. Surges will commonly measure 600 to 2500 volts. Even though
they occur for only mille-seconds, this is enough time to melt down circuits.

" 194. What are Voltage Fluctuations?

Under voltages and over voltages are caused by faults on power lines, and the
subsequent actions of fault clearing devices. Also, by heavy loads, such as machinery
start-up and by the slow reaction of power company regulating equipment. Since
computer equipment is designed to operate close to nominal voltages, the effects of
these voltage variations can cause serious problems. VVoltages can drop as much as
20% of nominal. This can result in expensive and time consuming errors, loss of
information, downtime, recovery and rerun costs and possible equipment damage.

' 195, What is electrical Noise?

Noise is a very broad term that can be applied to a number of AC power line
disturbances. Lightening surges or any other sudden changes in load, such as
switching motor loads or power factor correcting capacitors can produce voltage
spikes and ringing. Phase controlled rectifier loads and arcing devices produce
continuous noise unless adequately filtered. Noise sources are either common mode,
which appears between both sides of a power line and ground or of transverse mode,
which appears from line to line. Hammond Clean Power products, such as our
Computer Regulators remove these noise sources.

2 196. What are Harmonics?

Harmonics, in an electrical system, are currents created by non-linear loads that
generate non-sinusoidal (non-linear) current waveforms. These current and voltage
wave forms operate on frequencies that are in multiples of the fundamental 60hz
frequency. That is, the fundamental frequency is at 60 hertz, the 2nd harmonic is at
120hz frequency (60 x 2), the 3rd at 180 hertz, and so forth. Harmonics are principally
the by-product of switch-mode power supply technology where AC is rectified to DC,
and back again. In the process, a capacitor is charged in the first half-cycle, and then
discharged in the next half-cycle, in supplying current to the load. This cycle is
repeated. This action of recharging causes AC current to flow only during a portion of
the AC voltage wave, in abrupt pulses. These abrupt pulses distort the fundamental
wave shape causing distortion to the various harmonic frequencies.
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" 197. What are Non-Linear Loads?

Today, non-linear loads make up a large percentage of all electrical demand. Rectified
input, switching power supplies and electronic lighting ballasts are the most common
single-phase non-linear loads. Harmonic currents and voltages produced by single
phase, non-linear loads which are connected phase-to-neutral in a three phase four
wire system, are third order, zero sequence harmonics (the third harmonic and its odd
multiples - 3rd, 9th, 15th, 21st, etc., phasors displaced by zero degrees). These third
order, zero sequence harmonic currents, do not cancel but add up arithmetically on the
neutral bus, creating a primary source of excessive neutral current.

" 108, Explain the K-Factor rating?

K factor is defined as a ratio between the additional losses due to harmonics and the
eddy current losses at 60Hz. It is used to specify transformers for non-linear loads.
Transformers with a rated K factor of 4, 7, 13, 20 and 30 are available. For balanced
loading, a transformer with a K factor of 4 should be specified when no more than
50% of the total load is non-linear. A transformer with K factor 13 should be specified
when 100% of the load is non-linear.
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IEC Standards

General requirements 60076-1

Temperature rise 60076-2

Insulation levels, dielectric tests, and external clearances in air 60076-3
Guide for lightning impulse and switching impulse testing 60076-4
Ability to withstand short circuit 60076-5

Reactors (IEC 289) 60076-6

Loading guide for oil-immersed power transformer (IEC 60076-7
354)

Power transformers — application guide 60076-8

Terminal and tapping markings (IEC 616) 60076-9

Determination of transformer reactor sound levels 60076-10

Dry—type transformers 60076-11

Loading guide for dry—type transformers 60076—-12

319



Gadal) dpgsl goal) cigaa A paall
- =
Self-protected liquid—filled transformers 60076-13

Gas—filled—-type power transformers 60076-15

IEC Standards

General requirements 60076-1

Temperature rise 600762

Insulation levels, dielectric tests, and external clearances in air 600763
Guide for lightning impulse and switching impulse testing 60076—4
Ability to withstand short circuit 60076-5

Reactors (IEC 289) 60076-6

Loading guide for oil-immersed power transformer (IEC 600767
354)

Power transformers — application guide 60076-8

Terminal and tapping markings (IEC 616) 60076-9

Determination of transformer reactor sound levels 60076-10

Dry-type transformers 60076-11
Loading guide for dry—type transformers 60076-12
Self-protected liquid—filled transformers 60076-13

Gas—filled—type power transformers 60076-15
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