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Figure 4.7 Two generating stations linked by an interconnector of
impedance (R +jX)Q). The rotor of A is in phase advance of B and
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Figure 5.1 Phasor diagram for system shown in Figure 4.7; V; > V.
Resistance of line zero, inductive reactance X ohms. I and I,in-phase
and quadrature components of the current L.

Phasor diagram for system in Figure 4.7. V> V.
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Figure 5.10 (a) Coordination of two tap-changing transformers in a
radial transmission link.
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Figure 5.10 (b) and (¢) Equivalent circuits for dealing with off-
nominal tap ratio. (b) single transformer {(c¢) two transformers.

a5 ardasd nominal voltage e 3815 V,
tg ala®i off- nominal actual voltage &8~ Ul Vq
t, BT off- nominal actual voltage v,
REN PPt actual voltage v,

Wil Cuwd t = of nominal tap ratio Or perunit tap setting
fraction of nominal transformation ratio W _ sile ) sl 3 el (slgfasd I s ¢t
GAlla ) (S 3 )8 el Gy gea A4S B g il HF Qs 4 3 )8 e D) gea St 8 g Ll i Caad

(qul.c

g

¢ tap ratio

S = . .
no min alratio

\RY%



) (1)tap

tS = T
—)nominal
( P)

0.0/ ¢ 4 Ll Casnsi 3 98 e pland) K4S 3y 5 28L 6.6/33%Y Y ) Gail i and i 81 Sl

(J)gwu)jmubéu step)d&.&.}ﬂ)dﬁwdﬁ.ﬁ,ﬁ

. _36/66_36 _
$733/6.6 33

1.09 tgt, =1 — t.=0917
tod, =1 N
VS = I/ll‘S Vr = trVZ

s il 488l Sy Sy J S 53 tap cho J8las (il (g yo g SU g 2l JalS o) s (6l

tr.tszl
— RP + X0
V=4V +V, tV, =1,V I, =4V =
S r N 2¢tr” 2 2 Vr:ter
pF 0
— to. — ¢ t
AV =V,(2) -V, =Lt
l(tr) 2 7,
RP + X0
tV, =t V, + ———= % ,
o ? t.V, —>tSV1:—2+M Cova S sk
ls & Vi
ttg =1 —
ls
v
2oV [ RPHXO Va2 RP+XQ,
A2 Z ",

t5V\Vy =V = (RP+ XQ)13
e paddie |y ot MWLV, ) Swd dx V) AS )b g s S Jam) G e jlase el gl b

Dl wal 3 23l V) =V, (i 23l o S tapch 49 e sl i das gl 3Ly <l a3y

1

v, =5(tS2V1 trgy1? =V —4(RP+XQ)j

Ol V, @\qg@w@@‘ﬂ“@wajﬁégdu\dﬂg\ﬁjﬁj\@wwqg\ﬁ

als Gaddia ) V, Saly

YA



Cash) b K Gl )0 058 e 4385 11/132 KV st siasil 35 Gl 31V FYRY JUs) bad el e
W) sile )y siud) 35 g s JS (uilanal by e GBS 132/11 KV Sa sile sl yi dan g 5l ol (UL
) 2547660 3 1 132 KV <k 0

off- nominal <&k Clalaii (1 jaliala Ll Ha 48 afiua jaia 8 a6 I ¢ sila ) shudil 55 53
Sl aal gl g

tot, =1 Dlaplall Gy gaail 50 3L Jigw /2 QoM i 50 100MW sl b sl JL A

(T00MW i Ol 55) 28 daulas TTKV 3 )b Cped 5y 31080 Cull (gl 1 W jaiac

V=132 kv V,=132 kv
G P Pl
v e ;
Ikl adR
Tlrs e P Q
V= V. = 132KV = Ipu (4line ag) 55 3uka) 28l e S (o om il
toxt =1 Z. =25+ j66Q=0014+ j0.38 pu

load = P + jQ = 100MW + j48.3MVAR =1+ j0.483 Pu
S Aalas )

- %[(tsﬁ) £ty (t57 17 = 4(0.14 x 0.38 x 0.483)}

2=t +tgty —1.28
1

Q-td)Y =t (t-1.28) —  tg =121 > 4= =083

Jsere Alla 1 jid oS odal iy jaalie 5 a8l ad amjn Yo 5 i gadac gl gdle dayl 4
_Jﬁbd\éi&n\)ﬁl)\jéﬁ)}j\ J\%Qﬁﬁ_)dj\ﬂjg_mwwgg\ﬁ&i\u‘e_}y u,j\_).\l_u Cal

s 3 L3 s (1, SIS

[=100A oaiaca
ratio 1:1
1 -  I'=100x1.1 oaiact ) aay
100 o
AV, '=1.1 AV,

s A (O Ol 3 35 8 ol 38 Caely 3 (1, BLS) sl S5 a5 Kn iyl )

Y4



2 s
Pl

Vo constont

Figure 5.12 Effect of tap changing on line current and voltage drop.
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Figure 5.13 (a) Schematic diagram with combined tap changing and
synchronous compensation. (b) Equivalent network.
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Example 5.4 A three-winding grid transformer has windings rated as follows:
132 kV (line), 75 MV A, star connected; 33 kV (line), 60 MV A, star connec-
ted; 11 kV (line), 45 MV A, delta connected, A synchronous compensator is
available for connexion to the 11-kV winding.

The equivalent circuit of the transformer may be expressed in the form of
three windings, star connected, with an equivalent 132 kV primary reactance
of 0.12 p.u., negligible secondary reactance, and an 11 kV tertiary reactance of
0.08 p.u., both values expressed on a 75 MV A base.

In operation, the transformer must deal with the following extremes of
loading:

(a) Load of 60 MW, 30 MV Ar with primary and secondary voltages gov-
erned by the limits 120 kV and 34 kV; synchronous compensator dis-
connected.

(b) No load. Primary and secondary voltage limits 143 kV and 30kV;
synchronous compensator in operation and absorbing 20 MV Ar.

Calculate the range of tap changing required. Ignore all losses.
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Figure 5.15 (a) Two power systems connected via a tap-change
transformer. (b) Eguivalent circuit with impedance transferred te
receiver side.
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Example 5.5 In the system shown by the line diagram in Figure 5.17 each
transformer T, and Ty have tap ranges of £10 per cent in 14 steps of 1.43 per
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Figure 5.17 (a} Line diagram of system for Example 5.5. (b)
Equivalent network with voltage boost E, acting.

cent. Initially Vs = V3 and hence no power or var transfer takes place through
the line. It is required to calculate the magnitude of the circulating current
resulting from an in-phase boost of 8.75 per cent on Ta, with the busbar
voltages maintained constant by automatic voltage regulators on generators A
and B. The plant data are as follows expressed on a 20 MV A base, resistance
ignored. Generators A and B: 20 MV A, X = 0.2 p.u. Transformers T 5 and Tg:
20MVA, 132/33, X =0.1p.u.; 132kV line, 8km, X =3.85 (1 =0.061 p.u.
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