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Abstract

This paper is concerned with the problem of voltsigdility. The paper analyses the usefulness kbége
ratio proximity indicator to identify weakest busa system for improving voltage stability. Theul&sare
carried out over a widrange of load. Test results for the IEEE 14 ubr2 System are pre

obtained from this technique shows that suggesigidator can provide use informaﬂorﬂ operatlr

point and it is reliable and capableidentify weakes busand facts controller dewg_elﬂi for improv
voltage stability. . Ia|"l.,.
To analyses the effect of facts device l%@b.hunt capacitor is i:o%_elr'cted to wealkbus. And
result will be obtained for it. Fe
L |
Keywords Voltage Ratio indi ta( stablllty, w
| i - 'I‘ -
Intro —'- monitoring of the system state is theref
required.

Electricity is o th tal and bas
necessary for th c_a'mc de ent Voltage stability is concerned with the abilitya
country. The rapid econo Iopment power system to maintain acceptable voltage
industrialization of oml;co ry has create all buses in the system under normal condi
spectacular growth in er demaiod électrical and after being subgted to a disturban

power. With the increased loading and
exploitation of the power transmission system,
problem of voltage stability and voltage colla
attracts more and more attention. A volt:
collapse can take place in systems or subsys
and can ppear quite abruptly. Continuo

Voltage collapse proximity index ( name Vi
has been calculated to detect the closene
present operating state of the system tc
critical loadingcondition. Thi VRI has been
evaluated for standard IEEE 14 bus pr system
and results show that the proposed index v
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approaches to one when critical loading condi
has been achieved.

P.V Curve is useful for conceptual analysit
Voltage stability of a system. The method is ¢
used for large meshed networkeva P is the tote
load in area and the voltage at a critica
representative bus. P can also be the pr
transfer across a transition interface or
interconnection.

The reliability of the Voltage ratio indicator (V)
is tested on the IEEE 14 bus 20dipowel
systems. Diagram of IEEE 14 bus 20 lines pc
system is as shown in Figure 1.

l@ GENERATORS -\

}-

L
FigureNo. 1 1EEE 14 bus 20 line power system

N-R method based algorithm is programn
using MATLAB to simulate the results.

In this study, developmentf a voltage collapse
proximity index have presented which indice
how far current operating conditions are from
critical point and which buses are more vulner:
from the voltage instability new point. T
proposed index will help in monitoring tlsystem
at load dispatch centers (LDCs) against voll
collapse and in taking proper correcting action
mitigate from the critical conditior

Problem formulation in detail is given below. Let us
consider a simple two bus system —

{E- | » Ppt+jQp

o
we No.2 Simple two bus power system
L 1-'1
ﬂi
[
i

A

1 The governing power flow equations i

Po = 1Tzs'n ST TP Equation(1

Vo' Equation (2
X

By Squaring and adding equations 1 and 2, w«

- (V12 - 2XQD)Vz2 +X? (PD2 +QD2):0
.................... Equation (3)

yio M- 22X Qo ~4CR +Q)

2
..................... Equation.(4
2. Methodology
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For each load demand , there will be twc
dPQp) (-2 ¢ \/(\ﬁz_zx -2 PR

solutions for the load bus voltage. V= e
7o M= 2XQ)H(W -2xQy) ~ 4 (R +Q)1) |
2H = 5 Equation (8)
.................. Equation(5) 5 5 5> 5 5
o V- v —2><,£PD)—\/(V1 ~2x [Ry)* -4X (1+,62)PD
2

Vaze (5= 2XQ) =V -2 Q) - 4X’(R +Q)")

2 Equation (9)

............... Equation (6)

Where V, is called upper voltage solution and V, is

called lower voltage solution. These are illustrated in o _
PV curvg as shown in figure 3. The new proximity indicator is proposed

Voltage ratiolndex (VRI) = VH / VL

__________ I."'1"

Using Relations 8 and 9, w?,.ml.'l.

> VRI =/(V/ —2XWD-@£’#: 1+ 57)
...................... ion (1C
}/ __________ 'ﬁ- The VRI will b g%ne one at the critical deme
‘b} o AT
'3‘ fitical B for making VRI equals to one ci

P @
i\ '1_1"' The proposed VRI at any load buscan

Where SNBP ;addle N ctll!Tfurcm calculated wth the following information (i)Ree

—>
<
A

deduced using eg. no. 10

Point and VSM is th qu. |ty Mar power demand PD at the load bus(ii) Line dat
Let us define @ = B.Pd’ ﬂu tion (7 connecting line (iii)Load Power Factor (i
Sending end bus voltage magnitt

Where,3 = tang
For the determination of VRI at different lo
¢ = Power factor angle at the load bus, ) ) _
_ _ ) ) buses for a multibus system, following erithm
By using the relation of equation 7, the equatic o _
has been proposed. The variation in VRI

and 6 can be rewritten as: , _ _ .
different loadings can be observed. This varia
can help in identification of weak buses of

system. The algorithm used is as described b
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Read System Data

Set system load.

Run the load flow.

Increase load

Go to step 3

© N o o b~ w NP

then it is the weak.
9. END

Block Diagram of the process adopted is given in

the figure no. 4

Setf = tarnp at load buses.

Evaluate VRI at load buses.

If the value of VRI is near 1 at any b

3. Implementation and Results

In this paper value of = tarnp is taken as 0.
Value of ratio \i/Vis calculated at different loe
from 100% to 180% for different lines. That li
at which ratio V, and \fis nearer to unityis
tabulatedas given in table 1 below at differe
load.

Result shows that value of suggested Vol
Ratio Index is near to one mostly at 4 pumber
It indicates that 4 number bus is: ﬁ_eit. /

Line from the result we can concluti at higher
Data value of VR is getting close ne in most of t
Newton buses. So at high lgagiffiewoltage stability is
Raphson L
Load Flow Resultsat vailicef bita p = 0.5
i | |
Bus | Programming '}_.l' alue value of valueof | valueof
Data ratio value of ratio ratio ratio
S ratioindex index index index
= l ‘l \ "| nearest | nearest to nearest nearest near est
-' 11I. tolat | lat120% tolat tolat | tolat
100% 140% 160% 180%
J Results of 1 | 4.818| 4.8189 | 4.818¢ | 4.518 | 4.818
] Newton i4L 2 | 7.732] 4.7929 | 5.067 | 4.441| 3.995
:::’t:?d” U_Ir' 3| 752| 855 | 104: | 16.89| 13.75
- \ ii._|1l 4291 | 100 | 1200 | 100 | 100
b ] ‘A | 5 | 18.50 8.62 6.2z 4.97 4.06
trogrla”l‘”:'”s “azs's 6 | 6.48| 499 | 3.8¢ | 328 | 2.722
°;avcu adf/D:‘ l‘z 7 | 14.18] 1236 | 817 | 563 | 4.23
andvian Vt° bj_gte 8 | 14.18| 14.18 | 817 | 9.95 | 525
v, stabiiity o | 319| 271 | 237 | 197 | 162
margin
10 | 14.18 6.07 4.6¢ 2.24 3.11
11| 14.18 6.07 4.6¢ 2.24 3.11
12 | 7.24 5.32 4.1k 3.47 2.84
Figure 4 Block diagram of the method adopted 13| 4.99 4.03 3.3 3.47 2.84
14 | 4.99 4.03 3.3¢ 3.47 2.38
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Table 1 Value of voltage ratio index at different

load for different buses

Results can bevaluated for different values
beta.

4. Conclusions
The proposed Index is easy to evaluate

involve less computational time. This index car
evaluated centrally at load dispatch cen
(LDCs) and can be helpful for offline monitorii

of stressed pwmer systems against volta

collapse.

In this work weakest bus found out is 4 num

bus for the given 14 bus 20 lines power
can be concluded from th“

comparatlvely weaker bus

suggested V

from this
system d;%
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