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ABSTRACT: In power system
of supply. Due to some critical condition like overloaded voltage, thermal heating it causes heavy power loss which
creates the condition of line outage. Voltage collapse occur in the overloaded or overheated transmission lines. We
have Introduced several deterministic indices to know the present status of transmission lines, so that protective
operation could be performed before actually voltage collapse occur in power system network. We have calculated
indices for IEEE-14 Bus system using line data and bus data. The results based on indices show the critical
transmission line & critical bus on which we have to make proper operation for the smooth functioning of power

system network.

2&3

transmission lines play an important role for maintaining the reliability & continuity
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1. INTRODUCTION

In recent years, lack of new generation and with the increased loading of transmission and distribution lines,
transmission networks have forced power transmission and distribution systems to operate closer to their security
limits. Voltage instability problem has become a concern and serious issue for power system planners and operators.
The main challenge of this problem is to narrow down the locations where voltage instability could be initiated and to
understand the origin of the problem. As a result some voltage stability indices have been proposed to identify weak
nodes for protective measures, which helps proper placement of reactive power compensator and distributed generators
for enhancement of system stability.

One effective way to narrow down the workspace is to identify weak buses in the systems, which are most likely to
face voltage collapse. Voltage instability or collapse is believed to be a local load bus problem, which can cause trouble
to the entire system and depends mostly on load conditions in the system [1].

Load modeling for power system stability studies has always been a challenge for a number of reasons. The actual load
below sub-transmission level consists of large varieties of components like thermostatic loads, resistive and inductive
loads, induction motors, and lighting loads. Furthermore, number and type of loads varies continuously through time as
different load components are switched on or off in response to residential, commercial and industrial activities. This
statistical nature of load makes it very difficult to establish a load model that is generically applicable for power system
studies [2]. To correctly analyze the voltage stability of a power system, suitable dynamic models are usually required
based on nonlinear differential and algebraic equations.

However, in many cases, static analysis tools can be used to identify influencing factors for long term voltage stability
[3].

The reactive power at a particular bus is increased until it reaches the instability point. At the instability point, the
connected load at the particular bus is determined as the maximum lodability. The maximum loadability for each load
bus will be sorted in ascending order with the smallest value being ranked highest.

The highest rank implies the weak bus in the system that has the lowest sustainable load. This technique is tested on the
IEEE test system and results show that it is able to estimate the maximum load ability in a system. As most nodes are
not voltage controlled, proper load modeling is more important in a distribution system than in a transmission system
[4]

The critical line means the line which is close to its voltage stability limit. Maximum load ability depends on the
solvability margin of load flow when the Jacobian matrix becomes singular.

Il. THE WEAKEST BUS

With the increased loading of transmission and distribution lines, voltage instability problem has become a concern and
serious issue for power system planners and operators. The main challenge of this problem is to narrow down the
locations where voltage instability could be initiated and to understand the origin of the problem. One effective way to
narrow down the workspace is to identify weak buses in the systems, which are most likely to face voltage collapse.
The weakest bus has been identified as the bus, which lacks reactive power support the most to defend against voltage
collapse. Network configuration, R/X ratio of interconnections, load models, load directions, presence of generators
and compensators are most influential factors of the strength of a bus in a distribution system. In turn, identifying weak
buses can give correct information for the optimal reactive power planning involved that would decide which buses are
the most severe and need to have new reactive power sources installed [5]. Ranking of bus based on strength has also
been found useful in determining location for distributed generator to enhance loadability of the system [6]. Different
voltage stability indices have been developed to determine the strength of load buses in a system, which has been
explained in brief in the next section.

11l. METHODS ARE USED TO FIND SENSITIVE NODE

There are several methods are given for finding voltage sensitivity in different bus network applied at different
situations. Description of these methods are following:

i). Line Stability Index Formulation (LSIF).

ii). Fast voltage stability index (FVSI)

iii). Voltage Sensitivity Factor (VSF).
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iv). L-Index:
v). New Voltage Stability Index (NVSI).

1).Line Stability Index Formulation

Based on the transmission concept in a single line M. Moghavvemi’s derived a line stability index to find the voltage of
an interconnected system in a reduced single line network, in this formulation the discriminator of the voltage quadratic
equation is set to be greater or equal than zero to maintain stability. A typical single transmission line where index is
derived from is illustrated in Fig. 1:

R+jX

| P+jQ
}—: | >

VSL(S‘S Vréé‘r

Fig 1Transmission Line

Fig.1.Single line diagram of a transmission line in the power system Where, V.26, V.28, are the sending end and
receiving end voltages. R+jX is the impedance of the transmission line P+jQ is the receiving end apparent power 0 is
the line impedance angle 6 is the angle difference between the supply voltage and the receiving end voltage. The line
stability index is expressed by L,,,, proposed by Moghavvemi and Omar (1998) is formulated based on a power
transmission concept in a single line. The line stability index Lmn is given by [1]
[ =__%X@ 1)
mn [y, sin(0-5)]2

When the stability index Lmn is less than 1, the system is stable and when this index exceeds the value 1, the entire
system loses its stability and voltage collapse occurs. Hence the value of Lmn must be lower than 1 to maintain a stable
system. [1]

2).Fast Voltage Stability Index (FVSI):
It is calculated using reactive power flow as,
FVSI =5 (2)

The value of evaluated index close to 1 indicates that the particular line is near to instability point. The critical bus is
determined by finding out the maximum permissible load on the bus. The most critical bus in the system is the bus
which can bear smallest maximum load. [7]

3).Voltage Sensitivity Factor:
Voltage Sensitivity Factor Based on general concept, SF(sensitivity factor) index for a system represented by F(z,1)

can be defined as SF = ”%” when SF becomes large, the system turns insecure and ultimately collapses. Here the
system voltages are checked with respect to the change in loading, which results in a Voltage sensitivity factor (VSF)
calculated as VSF= ”Z—Z” High sensitivity means even small changes in loading causes large changes in the voltage
magnitude, which indicates the weakness of a bus. [8].

4). Line Stability Factor (LQP):

The LQP was used in the comparison since this factor is more sensitive to change in reactive power. The formulation
begins with the power equation in a power system and finally LQP [3] is expressed as

X X
Lep =4 (V_Lz) (V_izpiz + Qi) )
All the above said indices have effectively shown the variation of reactive power load but not real power load. Most of

these indices have been derived from the receiving end reactive power equation of transmission line. Instead of that, the
index solved by considering the receiving end real power equation, it depends the resistance of the transmission line.
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However, the resistance values are negligible or even zero in standard and practical line data, and hence the index
remains either infinite or zero. [9].

5).New Voltage Stability Index (NVSI)
NVSI may be mathematically explained as follows:

Pl,Q1,51+ P,02,5;

V, 20 |

_ VZL
R+ jQ

Fig 2 Line Mode

Bus 1 Bus 2

From the Fig. 2, current flowing between bus 1 and 2,

Comparatively resistance of transmission line is negligible. The equation may be rewritten a and the receiving end
power, S=V2I* Incorporating and solving this is an equation of order two of V2. The condition to have at least one
solution is: Taking the suffix “i” as the sending bus & “j” as the receiving bus, NVSI can be defined by

2X /P,-Z+Q-z

2Q;X-V; ()
The procedure to estimate the NVSI in all transmission lines in power system is shown in Fig. 2. The value of NVSI
must be less than 1.00 in all transmission lines to maintain a stable system.
The merits of the index are that it relates both real and reactive power whereas other indices relate only the reactive
power of the system. Moreover usage of fuzzy logic method produces more accurate and exact results. The number of
mappings is reduced from 7 to 3 outperforming the existing methods.

IV. RESULTS & DISCUSSION
We have taken the standard data of IEEE-14 Bus system for evaluating the values of several indices. In Table 1. The

Bus corresponding to the critical transmission lines are given. since over voltage on transmission line will create
transient instability during power flow through Load

Table 1

S.No. Name of Sensitive Indices Used Weakest Bus Critical Transmission line
Method

1 Line Stability L= 4XQ Busno.7&9  Lineno.15
Index mn [V, sin(@ — 6)]?
Formulation

2 Fast Voltage _47%, Busno.5 | Lineno.2
Stability FVSI ==
Index(FVSI) s

3 Voltage Sensitivity _ |4 —_
Factor VSF= “d_p“

4 Line Stability _ X\ X L2 Busno.4&9 | Lineno.9
Factor(LSP) Lep=4\5)(;2P * &

L L

5 New Voltage 2,02 Busno.4&9 | Lineno.15
Stability _ 2X [Pi" +Q;
Index(NVSI) NVSI;; = T20X-V,

As already stated different values of indices indicate the healthy condition of transmission line during power flow.

Different set of values are given in Table no. 2
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Table-2
Line | Lmn FVSI = VS = LSF= [NVSI=
No 1.0e-003 *
1 0.0965 0.0311 0.0004 9.9769 0.1178
2 0.6660 D802 | TNEmE [ 376078 0.6908
3 0.0778 0.0506 0.0001 33.3806 0.6345
4 0.4882 0.3706 0.0000 29.7301 0.5448
5 0.8270 0.2429 0.0009 29.3187 0.5333
6 0.3675 0.3581 0.0007 28.8382 0.4261
7 0.0211 0.0041 7.1004 0.0920
8 0.3894 0.2552 35.2607 0.5190
9 0.1319 0.3187 0.0002 93.7801 | 24.2423 |
10 0.2425 0.2718 0.0008 42.4942 0.8356
11 0.1679 0.2042 0.0021 33.5374 0.6606
12 0.0552 0.0911 0.0012 43.1333 1.0476
13 0.0961 0.0820 0.0005 21.9654 0.3523
14 0.5011 0.3527 0.0005 29.7015 0.5439
15 1.0276 0.0547 18.5493 1.0000
16 0.0358 0.0122 14.2479 1.0000
17 0.0488 0.0589 45.5900 1.0000
18 0.4507 0.1386 32.3858 1.0000
19 0.0533 0.0508 33.7027 1.0000
20 0.8690 0.3612 58.6812 1.0000

Graphs between transmission line & several indices are also plotted, which shows the critical condition for dangerous
transmission line & corresponding Bus in the system.

Evaluations o f Critical Transmission of By LMN Indices

Walues of LMN

o
=
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Fig.3 Evaluations of Critical Transmission Lines by LMN Indices
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The maximum value of LMN indices is 1 ,that will show the critical condition for transmission line and corresponding
connected bus shown in figure 3. Like wise the critical values are also evaluated by FVSI ,LSF,NVSI .In case of VSI
indices we will only calculate the critical Bus shown in figure no.5.

Evalutions ofCritical Transmission Lines By FWSI

Walues of FV3|

25

Mo of Transmission Lines

Fig.4 Evaluations of Critical Transmission Lines by FVSI Indicese

Evaluations of Critical Bus by V5| Indices

n
T

Walues of VS|

No of Buses

Fig.5 Evaluations of Critical Bus by VSI Indices

Evaluations of Critical Transmission Lines By LSF Indices
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Fig.6 Evaluations of Critical Transmission Lines by LSF Indices
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Fig.7 Evaluations of Critical Transmission Lines by NVSI Indices
V. CONCLUSION

We have successfully calculated the several deterministic indices for IEEE-14 Bus system. The critical transmission
line & bus are different for different indices. Peak values of indices verses transmission lines or Bus denotes the
unhealthy condition, which should be recover to maintain the reliable operation of power system network. In future We
can install FACTS Devices or Distributed Generation (DG) to enhance the power transfer capability of line & smooth
operation of transfer of bulk amount of power from sending end to receiving end. Since it is deterministic method, so
solution will evaluated quickly as compare to stochastic method with greater accuracy & precision in small
computational time.
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