NETWORK REDUCTION

This chapter descri ot ‘ for the network reduction.
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- Second, the rest of the network.

The description of the second part of the network is not
modified by manipulations within the coherent group and will not be
included in the description of the reduction method. One coherent

group is considered. The extension to more coherent groups is

straightf orward.
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Figure 2* The connect1 to network of the generator buses
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2 2 The derivation of the equivalent generator buses
When the generator buses in each coherent group are replaced
by the equivalent generator bus, the power flows between the
equivalent generator bus and the buses which correspond to the
equivalent generator bus should be preserved. The voltage at the
generator bus can be selected as mean value of the voltage of the
generator buses in each coherent group. The voltage at the equivalent

generator bus can be express as follows:
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Ve = (1/n) }) Vg (2.1)
i=1
where V: = voltage at equivalent generator bus

voltage of generator buses in the
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number of generator bus in coherent group

n-=

The voltage of & d the equivalent bus are quite

different in terms "“'— he :;'-"' and the phase angle. They
. can be linked tog(" ok hase 's| iftiné transformer, as

shown in Figure 2.2.
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vi = voltage at equivalent generator bus

Figure 2.2 The implementation of phase shifting transformer
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After the generator buses and equivalent generator bus have
alréady been linked, they can be eliminated by simplification, a new
equivalent generator must be created. The active and reactive power
output oé‘. equivalent generator must be replaced by the sum of active

power output and reactive power output of individual generator in

MVA output of the equivalent

coherent group, and the ra

generators must be replace of the rated MVA output of

individual generator ss shown in Figure 2.3. The

: o%equivalent generator can

(2.2)

active, reactive and

be expressed as followse

(2.3)
(2.4)
eyroutput of equivalent
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where

equlvalent generator
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= the reactive power output of generator

Sai = the rated MVA output of generator no i
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2.2.3 How.to preserve the power flo rJ

In Fm 2 flgthe power flows ffom bus Bj to bus Aj and
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Pajej - JQases; = V¥g3(N;j.Vg; - Vibj3)/(Ze;.Nj)
(2.6)

In Figure 2.3, the power flows from bus B; to bus T and
power flows from bus T to bus B; can be expressed as follows[4];
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Peijr - jQmjT V¥p (Vb - N'.J-Vt)/(z'ti-N,S-N"J)

{2.7)
Prej — jQre; = V¥Fe(N'5;.Ve = Vb3)/(2%¢5.N";) (2.8)
Sinee < NYs. 7 NsaVgiiVa
£ NG
Z'v; = Zui/(M;.M2
Substituting for N’ and Eq(2.8)
Pejr - jQsj i-Nj.N¥*;)
(2.9)
Pre; - jQre; 3N g} (2.10)
therefore Eq(2.2) = EG(2.4)
Posas - JQejaj {2.1%)
Pajr; - ‘v* e (2:12)

'!l
Eq(2.11) andfEg(2.12), showythat when the generator buses
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power flows 1nq'|the network can‘be mlantalned
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2.2.4 Summary of the equivalent
Suppose the coherent group contains n generator buses
which have to be substituted by the equivalent generator bus, t. The

volﬁage of generator bus no i is Vgi.

Table 2.1 Summary of the

N* 5

- The tap ofyimplementation, phase shifting transformer.

ﬂ‘iJEl’J“fIEl'ﬂﬁ‘WEi’]ﬂ‘i

M; 4= Vgi/Vi . see Figure 2. 2
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the generation at each bus eliminated.

- The load at the equivalent bus is the sum of the load

at each bus eliminated.
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2.3 Reduction of passive network

After the coherent generator buses in each coherent group have
already been substituted by the equivalent generator buses, the system
has created a complicated network structure. The passive network

between the equivalent generator buses must be reduced so that only

ted, buses in the system are

fﬁiion formular is wused for
gdm.ltta.nnce equation of the

system constructed sufollows;

the generator buses and a fe
retained. The Gaussiz
reduction of the passiv

- The con oad is included within

the admi
The cons oad on a bus to be
eliminatedf(blis, j)iis Conyer d, tc [ I:5].

of\load on a bus to be

rted to [ 1s3 ]

The busd matrix eguation pff the system can be

expressed in the
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(2.13)
where Subscript 1 refers to retained buses
Subscript 2 refers to buses to be eliminated
[ I, ] = injected current for the buses to be

[ v ]
{ g

voltage for the buses to be retained

voltage for the buses to be eliminated

n
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In the reduced system of equation, only [ I+ ] and [ Vi ] are
to be included in explicit terms. [ Ii2], [ Is2J and [ V2 ] are
assumed to be linearly dependent of [ I: ] and [ Vi ] are included

implicitly in the system of equation.
The upper and lower lines of Eq(2.13) can be expressed as

S e " &;2 3.0 M2 (2.14)

| + [ I:2] + [ Isz2))

follows;

:[ Va2 ]
: (2:15)
Substituting for
e S B | b+ {1 a1 (2.16)

ance matrix

Fl.L¥ 24230 %22 ]

wher o

[ I'sa} E’-‘ -[.xz] Y 122 ]. -
'I‘hequﬂ [,l nﬂam 5 ﬂﬂ;lﬂ j:e equivalent current

ined buse Thése current®, [ I'i, il
SR QRRTETTEI kit TAT

by u31ng these equations;

18:; ) [V ]-[I"*uj (2.17)

[ 8431 FV 3.1 X%%s 1 (2.18)
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constant current loaa portion on retained
bus j

constant power load portion on retained
bus j

where [ S1; 1

[ Sss ]

given by

(2.19)

Ll The nonlineari

The method for pa ; reduction described here taken

into account ondyv onlineari 1€ ads_ The system in
£

\‘,;a' can only be reduced

which is dependefit
-partly by the met descril 7 LS LJ Llst, be unreduced so the
correct response is ?btained.
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