2.7, Mathematie Pattern of Computation.

CHAPTER 2

THEQRETICAL COWSIDERATION

The system in

ratio transformer in

I
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AqqYy

figure 1 may be expressed at nominsal

nodal current eguations.
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Usuaily V., is considered a slack generator, and is

1

defined constant. The system can be solwed without equation 1.

Hence:
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"I, - Ay, = AaoV, 4 daaVg v H;hvh {2.3)
I, - A7 = AoV ¢ AyaVs o+ AV (2.4)
Azq?q,ﬁj1ﬂ1 snd A41v1 are constant, and may be expresc-
in terms of ImE' Imj' Imh respectively.

ITnmse of off-ncminal ratio transformer, the ncodal
and mutual admittances af the busbars connected to the
transforme- will be changed to certain values. The detalls
of changing will be described in s later section {zect., 6.,6)

The final system equations may be written.
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where VE, ?3, V# are the voltage solution.



The system =sguation
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Fatrix Arrangement.

In a big system, a large amount of core sterage must
be used for matrix stTping. This storing area can be reduced
to nearly its half size, =ince the matrix is 2 symmethrical
ane. 4 half of mutual components alonpg the diasgonal matrix
ineluded the diagenal 1ls sufficient Lor the computation. The

element is referred %o zs5 a one subscripted matrix as follow:-

Matrix arrangement.
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The first matrix is a twoe subzeripted matrix, with
the first subhecript iz row number and the second one is
column number, The later matrix is one subscripted matrix,
which is used in placc of the above. The clement is c¢alled
by & two subseripted matrix method, and these numbers will

be turned teo one subseripted matrix by the formula

M = J{J-1)/2 + ¥

where J is a higher number.
EX, The matrix multiplicatian is as follow:i-

(%) (5 (& (93 (13) (&)
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needed called formula Fosult
k-n k-n 4
1-3 3-1 k{k-1}/2 + =m 5
2-3 3-2 k{k-1)/2 + m 2
3=-3 3=3 k{k-1)/2 + m 3
3l 3-4 m(m-1}/2 + k 13
I.5 3.5 m{m=1)/2 + k 18
3-8 36 _ mim=11/2 + k

With the help of a suitsble formula, the one subseripted
s¥ystem can he ussd correctily by a two subscripted matrix

refference,

Eystem of A-CT Power Computation.

There are two concepts of an alternating power computation.

-~

1. Posojg = VI

Y
Where V 45 5 conjucate voltage of V

Hence

P + i@ {VP -35¥Q3(IP + jIQ)
= (VP x TF + VQ x I3) + (VP x IQ -VoxIP}
P = VP x IP + V@ x Ig

o = +VP x I§ - Vg x IP



This system will give a negatiwe reactive power for

inductive losgd.

V.1

2. P+ j9

E ]
where 1 is a conjuecate current of I.

Honee
P+ 3§ = (VPivQ){IP-jIq)
= (VPxIP+VQaIQ )+ j{-VPxIQ+VQxIP)
P = VPxIP+VQxIQ
q = =UPxIR+VQxIP

This system will give a possitive reactive power for

inductive leoad,

These two concepts have no adventage over each other,

it would pot be difficult if for either of them fo be

ik
used throughour. 1In this repeort, P+34d = V x I 1is used,



2.4

Representation of Component.

{a) Gepnerator and Load.

(b}

A generator can be regarded as a current gource
at a busbar, while a load as a sink. Gencrators may be
represented by a current flowing into buskar, as well as
loade represented by & currents flewing out of husbare,
It is convenlent in handling the problem by this method,

since a line constant matrix is not changed at all., In

the voltage solution, the load, pgenerator or synchronous

candensor will be found from the current injected at its

bushar.

Synchronous Condenser.

Synchr onous condenser is pegarded as a current source,
Its value can be varied within the limits depending

upoit the voltage at that busbar.
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{¢) Transformer,

Transformer at nominal A b B
' 4
ratie is normelly represented by

a single admittance between its
Figure 2

two terminals as in fig., 2

Representation of nominal Tr

At off-neminal ratio,
it can be considered as an —_ L= b

ideal auto-transformer as
1 Tdead aoby

in fig. -
g. 3 Transtormer
Figure 3
Eepresentatlion of off-nominal
Transformer
The transformer is
A Ky B
connccted betwonen node A A _ﬂ
~ -
and node B, 2 eor Y is referred {t i
inn-nY)  Tneny
to B side and the ratio of i t
transformer is% 0 wheyres n N N
is also referred to the
B side. Figure % Equivalent

eircuit of opffenominal ratio transformer
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The equivalent admittance can be represented
the eff-nominal ratio transformer as in fig. 4). This
eguivalent admittance will be used in the somputation

in this report.

{d} Line Constant.

Figure 5 Admittance ropresentation of transmission

line

Regarding the leogth of the transmicssien line,
the lirne cnnétant between twe neodes can be simply
reprosented by a network, The mutual component is an
inpedance cannccted to the shunt suseeptances at both

sides.

In a voltage sclution, shunt suscephtanoes are
added to its terminal capacitance Torming a nedal

admlttance.,



In the output programme, the ¢urrent passing

through their svsceptances must be taken inte consideration

to obtain the actual powsr flew from a particular busbar,

(¢) Zapacitor.

Vaually flxed capacitor
is connected fo a busbar to
¢ompensate for the effect of
inductive reactive leoad, when
that busbar i=s not very large.
The terminal voltages will be
raised, This shunt gapacitor ean
be represented by a susceptance,

end added to formed a nodal zdmittance.
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Figure 6

Bhut ceondensel.
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