CHAPTER I

SEPRESENTATION CF A POWER SYSTEM

The Dne-Line Diagram.

A balanced three phase system is generally solved by
considering only one of its phases. A diagram can, therefore,

be drawn to show the phase, and it is called a one-line

diagram. The dlagram is dindicated by a single line and standard

symbols of the transmissien lins and associzted apparates of
an elegtric system. If the impedances of the sguivalent
circuits of lines, transformers, capacitors and rotating
machines are shown on the one-line diagram. The diagram is

an impedance diagram,

The variables and characteristic values used in power
system analysis are generally expressed in "“per unit" values,
The use of per unit valuc greatly simplifies the work on a
gystem with transformers, moreover, the impedance of a piece
of apparatus is usually specified in per unit on the base of

the nameplate ratings,



Generators and Lozads.

Generstors are zany synchronous machines. HMotors are
considered as generateors that generate negative power. In
this investigation, a generator and 1its internal impedance is
treated as a current sSource and a shunt admittance. According
to Horten's theorem a voltage source EE behind an impedance
Zg iz represzsented by a current source of YEEE and a shunt
admittance Y where ¥ =l .
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In short circuit studies, a subtransient impedance is

used for the internal impedance of a generator; and a transient

impedance, for thet of a synchronous motor.

A load is represented by a equivalent admittance

connecting from busbars to ground, If a load 5. iz connected

1
to busbar A, whose voltage mapnitude is VA sy then the load
equivalent admittance is
[ ]
Y. = 71 (2.1)
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The representations eof d generateor and of a load is

shown in Fig. 1.
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Fip, 1. Depresentations of a generator and of a load

243y Traosformers.

L two-winding transformer with a neminal fturns ratio

is rEpfescnted by its equivalent impedance on either of its

5ides connected between twe busbars. The small magnetiring

impedance is neglected. The ecuivalent representation of a

transformer with nominal turn-ratic is shown in Fig. 2 (a).

If a transformer is tapped at one side, the woliage brosi

on the tnpped side will change. The equivalent impedancce

on the tapped side will be changed, and so will the current

in the transformer. In order to compensate this effect so that



thir zystern ora bBe handcdled ocn the oricinal voltage booe

the equivalent network of the transfeormer is reformed.
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Fig, 2 Hepresentation of a transformer

fa} with nominal turn-ratic.

{b} with off-nominal turn-ratio.

In the untapped transformer, the current, in per unit

value, flows in either side is equal to I where

T = (vn - vE] Y (2.2}



If side A of the transformer is tapped for t%, the

off-nominal turn-ratio which appears om side B is n where
n = 100/ {100 + t) (2.3
The current on side A, then, is

=2
Iﬂ = E?n - ?Bfn}n Y (2.4

and that on side B is

Ip 7 {UB L nvﬁjr (2.5

Equations (2.4} and (2,5} may be so rearranged that
the admittance c¢oefficicnts arc grouped as self~and mutual

vzlues. Then

I = nin - 13¥Y v, + nY(?ﬁ - V.) (2.6)
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B {1 - nl¥ vB + nY{vE - vﬂ} (2.7}

A T - network, as shown in Fig. 2(b), can be used as

the new revnresentation of the transformer.

A threc winding transformer includes a tertiary winding
n a core. It is classically represcnted by a T-network. If
the tertiary winding is opened eircuited or if it supplies a

comparatively small load, as it uvsually dees, the trapnsformer



2.4,

eguivalent representations, both with and without tap setting,
arc the same as those of a two winding transformer, In rease
of being a T-network, tap setting effe¢ts cannet be reopresented,
and it is treated as a circult with three branches and with

its ficitious node as one more bushar,

Generalized Hepresentation of a Branch.

For the sake of programming, a transmission 1line, a
transformer, a branch of the T-network of a three winding
transformer, or a shunt line iz referred to z=s a branch. The
generalized representation of a branch is then assumed to be

as shovn in Fig. 3.
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Fig. 3 A peneralized representation of a bransgh
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For a ftransmissieoen line, n = 1 as t = 0, and & = b
For a untapped transformer, n =1 aga t = 0, and b = O
For a tapped transformer, O <n #11 as ¢t ¥ 0, and b = O

For a branch of a T-network of a three-winding

transformer n=1ast=0, and v = 0

For a shunt line at busbar 4, B = 4, n = 1 as t = 0O,

and b = 0

Representation of a Unbalanced System.

The phawe sefguence compancent technigues are usanlly
used to attack problems in an unbalanced system. A phase ‘a!
of the system is represented by three networks called a
positive {phase) seguence network, z negative (phase} sequence

network, nand a zero {phase) sequence network,

A pos!tive sequence network is composed of the positive
sequence components of the aystem elements; a negative network,
the negative sequence components; and 2 zere network, the zero

Sequenct components.

The sequence componsnt representations of various

system elements, especially of generators and transformers of
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differvnt types of winding conncetions and groundings, can

be leoked in any standard texts in power system analysis,

A balancecd system may be considered as an unbalanced
aystem in which the negative seguence and zero goguence
comeonents of all system elements are zero. A positive

Zequence notwork, therefore, ¢an represcnt o b-l-nced systen.

Tap settings of transformers con be treated in a
negative network as well, but in a =ero SEQUENnce netvwork they
have comparatively small effects and so are not represented

in it,
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