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3.1 The Tdeal Trowmshamer -
Core permeability u,

F|/' ousor Ylux Core cross-sectional area, A,

Mean length of the magnetc circuit, 7,

For an ideal transformer, the following are assumed:

0c
L Kt Y < — 1. The windings have zero resistance; therefore, the I*R losses in the
T : ] _& windings are zero.
E_' ‘ - 2. The core permeability g, is infinite, which corresponds to zero cote
o | winding 2 reluctance.
windingl | “~_.______/ (N turns)
IN, turns) A 3. There is no leakage flux; that is, the entire flux @, is confined to the
core and links both windings.
"‘G‘%V\EHC f".bl"{ rntensi ity p\msmr 4. There are no core losses.
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Egyhﬂag’ s Law:

e(z):N%z) = E= N{jo)d {
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Recd Ex. 3.

SMZLL_ PhaSC/ S —

h— o= —o
Phouse—sl/u?bh«g\ 513” i

tvemsormey e

. Ey N,
E = Ny( Jmm}

' = or
Eg :NQ(JCU)(DC

& _ & = (tuvns \'o-L—lo\

B E;
N1 N,
£y
7, =2
=7

This impedance, when measured from winding 1, is
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PVa.c-HcaL Vs ideal Evams§ormers:

1. The windings have resistance.

2. The core permeability g, is finite.

3. The magnetic flux is not entirely confined to the core.

4. There are real and reactive power losses in the core.

R,
W‘/!&VC‘L B, = (lez) mhos.
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The following are not represented by the equivalent circuit

vy .
‘ 1. Saturafion
o 2. Inrush current
Ny N . . ..
3. Nonsinuseidal exciting current
1
(a) R, and X, are referred to winding 4. Surge phenomena
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th) Neglecting exciting current
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{c] Neglecting exciting current and I°R winding loss
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22— Pu values awe in a. Small v‘ou/la-a‘

. R actual quantity Poasers = Qbaselgaﬁ = Stamls
per-unit quantity — 5 T F -
ase value of quantity . Shaselp
base — 57
By convention, we adopt the following two rules for base quantities: ViaseLN

2
1. The value of Syag14 is the same for the entire power system of Zase = Riase = Xbase :M :M

CONnCcert. Ibasc Sbasclqi
2. The ratio of the voltage bases on either side of a transformer is se- vy, = Gy, = By = 1
lected to be the same as the ratio of the transformer voltage ratings. Zase
j1pu F‘I;:)u IXWp_u. jXZQ.u. RZp.u. ‘IZDu
! R, X, !

"Ip.u. ;Z[J.u. pu 2ap / bl 2pu
+to———>—0 + - *
Eins (S Vip, Vi View Voo o

— o o —

—, — e — 0 —

(a) Ideal transformer {b) Neglecting exciting current

(c) Complete representation
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Spaselp =
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ViaserN  Viaern  Viasell

Toase  Sbasels  Sbaseds
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Xbase = Zbase E—
Ybase
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(a) Core and coil arrangements

(b} Schematic representation showing phasor
relationship for positive sequence operation

Tn 3@ Sybtem , convert A-comected loads wto Y= conmoct-ed Lorad

{c) Single-tine diagram
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a (b) Positive-sequence phasor diagram
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(a} Core and coil arrangement
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By convention, we adopt the following two rules for selecting base
guantities:

1. A common S, is selected for both the H and X terminals.

2. The ratio of the voltage bases Viagerr/ Viasex 15 selected to be equal to
the ratio of the rated line-to-line voltages Vo amrr/ ViaedxLL-
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(b} Per-unit equivalent circuit for balanced three-phase operation



The per-unit eguivalent circuit of the Y-A transformer, shown in
Figure 3.17(b), includes a phase shift. For the American standard, the positive-
sequence voltages and currents on the high-voltage side of the Y A trans-
former lead the corresponding quantities on the low-voltage side by 30°.

Single-line diagram
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ATA

Per-unit
equivalent
circuit

W

v |+ +
Ve |V Vi
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(a) Y-Y

b} Y-A

c) A-A

FIGURE 3.17 Per-umit equivalent circuits of practical Y-Y, Y-A, and A-A transformers for
balanced three-phase operation

Typical transformer
leakage reactances

Renod Ex 37
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TABLE A.2  Rating of Highest BIL of Highest

Voltage Winding Voltage Winding Leakage Reactance
kv kv per urit®
Distribution Transformers

24 30 0.023 0.04%

4.8 50 0.023 0.04%

7.2 75 0.026 0.051
12 95 0.026 0.051
23 150 0.052 0.055
34.5 200 0.052 0.055
46 250 0.057 0.063
6% 350 0.065 0.067
Power Transformers 10 MVA and Below

8.7 110 0,050 0.058
25 150 0.055 0.058
34.5 200 0.060 0.065
46 250 0.060 0.070
6% 350 0.070 0.075
92 450 0.070 0.085
115 550 0.075 0.100
138 650 0.080 0.105
161 750 0.0385 0.011




Power Transformers Above 10 MVA

Self-Cooled or
Forced-Adr- Forced-0il-
Cooled Cooled
8.7 110 0.050 0.063 0.082 0.105
34.5 200 0.055 0.075 0.090 0.128
46 250 0.057 0.085 0.085 0.143
6% 350 0.063 0.095 0.103 0.158
92 450 0.060 0.118 0.105 0.180
115 350 0.065 0.135 0.107 0,195
138 650 0.070 0.140 0.117 0.245
161 750 0.075 0.150 0.125 0.250
230 900 0.070 0.160 0.120 0.270
345 1300 0.080 0.170 0.130 0,280
00 1550 0.100 0.200 0.160 0.340
755 0.110 0.210 0190 0.350
*Per-unit reactances are based on the transformer rating
3.6 Thwce,*\r\lmcl[mg [ \mmgg]—orme\rs:
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{a} Basic core and coil configuration (b) Per-unit equivalent circuit—ideal transformer

f2g.0.

Ilp.u. = I2p.u. + Iip.u.
P

Elp.u. = Elp.u. = Eip.u.

Read Ex.32 4 Lxn 3.0

(e} Per-unit equivalent circuit—practical transformer

FIGURE 3.20 Single-phase three-winding transformer
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FIGURE 3.23
* Cowflﬂpf magnc‘}'ico—“g_ and Ble&w'call}. _
Ideal single-phase

transformers

1 [
X Has gma”w‘ Xe?()g.,,q ESHC;
s Has  lower lossex. k 7

x Move economic.

(a) Two-winding transformer

(bl Autotransformer

Read [x 3]

3% Tvanstormers with Off-Nomingl Tuwrns Ratiog,

FIGURE 3.24 T,
L—C; r | b Q{-(T) = ‘—3 15 Two transformers 13.8/345 kv
! /3. s connected in parallel
Fo Ya E | a_t(/_z) _ 345
1%.2 13.2/345 kV
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1 3 E 2 1 BE 3 E 2
a1 b1 c=21q
B
(b) Represented as two
transformers in series

(a) Single-line diagram
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lc) Per-unit equivalent circuit
(Per-unit impedance is shown)
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v, 01— e fof - Ve Vi

{d} ar circuit representation for real ¢

(Per-unil admittances are shown; Y., = Zl)



